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Multi-radio coexistence architecture

* The SDR functional architecture [1,2]

separates the common HW/SW platform and Mobility :
ifi Administrator Policy Networking Stack
the specific RATs Manager

« Radio applications use generic platform
services to access HW

liradi =
Radio
Connection
Manager ad Radio Application IF-
Configuration

* Resource overbooking with mutex rules Manager Multiradio Unified
Controller .
Radio
Applications

« Dynamic resource sharing between radios
» Semi-static resource budget

* Dynamic scheduling of mutually exclusive

radios
Resource

Manager

[1] Ahtiainen et al., “Multi-radio Scheduling and Resource Sharing on a Software ‘ Control
Defined Radio Computing Platform”, Proceedings of SDR'08 b

[2] van Berkel et al., “A Multi-Radio SDR Technology Demonstrator”, Proceedings of ‘= Data Antennas
SDR'09 § (onfiguration
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Resource management framework (1/2)

« Operational states: static or semi-static resource budget

A Operational state transition
=> new resource allocation

Communicating

- “L” Baseband capacity

Timing profile:
- Active ~100% of time

N 2x2 MIMO
\
\\ Resource budget: Resource budget:
\ - 2x Receiver - 1x Receiver
\ - 2x Transmitter - 1x Transmitter
\\ - “XL” Baseband capacity - “L” Baseband capacity

‘>’_<) \\ Timing profile: Timing profile:
< o | -Active ~100% of time - Active ~1% of time
@ Communicating - Periodic
S | Resource budget:
8 - 1x Receiver ]
&’ - 1x Transmitter Camping /

Power Save

Time AXxis
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Resource management framework (2/2)

Resource budget:

. . - 1x Receiver
 Mutual exclusivity rules: for resource conflicts _+S” Baseband
A Timing profile:
o - Active 20% of time
HW Receiving - Periodic
limit
€< _ ™
» |~ ~ <" Resource conflict
<>E< must block lower priority radio
0
8 py py py
>
o,
3 C icati C ing /
x e ommunicating amping
Communicating 2x2 MIMO Power Save
>
Time Axis
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Multi-radio scheduling framework

* Multi-radio scheduling: dynamic behavior

6a. Deliver requested time-behavior pattern

Multi-radio Controller (MRC)

Radio 2

6b. Check collisions of

mutually exclusive radios 6¢. Deliver granted time-behavior pattern

3c. Deliver mutex rules

Note: mutex rules may be
static (RF interference limitation)
or dynamic (HW overbooking)

1. Select new
operational state

6. Dynamic
behavior

Radio 1

Resource Manager (RM)

3. Admission check to see if resources are available
3a. Exclusive resource availability
3b. Resource overbooking possibility (-> mutex)

4. Resource allocation

2. Request resources

5. Confirm (or deny) resources
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Radio scheduling patterns

* Three semantic patterns to capture the typical behavior of different radios

10 ms . Rigid Scheduler

LTE H ﬂ D ’ D ) ’ D

3.75 ms
— Flexible Scheduler (boolean)
BT H W H H ( H H D ( D . U . U
Iil Continuous Scheduler (min hole)

{

802.11 :
;
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Scheduling timeline

« Scheduler deployment depends
on the active set of radios

- May change dynamically

« Scheduling done in pieces
(scheduling window t,)
* Three stages:

* buffer = gather slots starting
during the same t,,

» schedule1 = perform scheduling

« schedule2 = slots overlapping
t, boundary are hold because
the next scheduling cycle may
affect them

- t,, is typically few milliseconds
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scheduling timeline

| >

te tw tw tw tw tw

‘ c H r H schedule, 2 H schedule, 1 H buffer, ‘

results ready deadline

1) deployment of stand-alone rigid scheduler

schedule; 2 | schedule; 1 ‘ buffer, ‘
c|r schedules 2 | schedules 1 buffers T
schedule; 2 | schedule.1

deadline for

v deadline for  rigid tasks

results‘:eady early results ready flexible tasks

2) deployment of all schedulers

’ rigid scheduler ‘ ‘ flexible scheduler ‘ ’continuous schedulelf

communication delay reconfiguration delay
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Proactive scheduling benefits

« Radio-agnostic mechanism

* The behavior of radios can be changed to nullify or minimize the consequences

of interference

* If the scheduler can'’t solve the conflict otherwise than preventing lower priority
radio to operate temporally, the affecting radio is informed beforehand.

* Implementation considerations:

* The response time of protocol level
scheduling is several milliseconds SDR

MRC

[

RM

(e.g. with all three schedulers in ~~ ================fm==m=mmm=fim oo

demonstrator 9.5ms

* Could co-operate with PTA-like
mechanisms to gain faster response
when needed (e.g. HARQS) RF controls <—
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Utilizing fine-grained spectrum holes

« Scheduler can dynamically report unoccupied time slots beforehand
- Secondary radio can use short unoccupied pieces of spectrum

« E.g. 802.11 WLAN radio is configured to use long enough unoccupied time
periods of collocated Bluetooth and LTE radios, captured scheduling decisions:

802.11g Wlan Throughput

. Signals Wates =7 90% "L 50% = 10%
med ium Tige ; lSSSqUU us 1369§00 s 1379%00 us 1389§00 s 1399%00 us 1409400 s 100000
priority BT RX DENIED \ (Il [ 10000
BT RL_GRATEDS| || [ | [l
BT TX DENIED= JH i 2
top priOrity BT TR GRILNTE-/ N N I = 1000
LTE RY GRANTED™ ]
1
‘ 1y s
background 10
80%  70%  60%  50%  40%  30%  20%
priority Scheduled WLAN share of time
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Traffic offloading

* If the quality of primary radio link decreases, data flow can be transferred to
secondary radio (e.g. LTE -> WLAN)

* The priority of the primary radio is transferred with the flow

7146 sec 7147 sec

m) flow movement to e —

the Secondary radio RADI DENIED =
RiD GRaTED=1

RADZ DENTED =I

RADZ_GRANTED =I
flow movement back ;-

to the primary radio  w sum-

* Flow movement can be done automatically inside SDR modem when the
triggering condition is detected

» The operational state has resources allocated for both radios;
within a state, the service can be made transparent to the SDR user
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Conclusions

* The feasibility of multi-radio scheduling
framework was demonstrated, with

* holistic resource allocation, both for
computing and spectrum resources

* run-time control for radio coexistence

« Co-existence of a “flexible” radio
together with a non-flexible radio can be
made possible with fine-grained
scheduling

» With scheduling it is possible to improve
the performance of both flexible and
non-flexible radios in resource-
constrained operation
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