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Introduction
In RAN1#86bis, the following agreement on congestion measurement metric was reached [1].
	Agreements:
· Channel busy ratio (CBR) is defined for the congestion measurement over PC5 in V-UEs
· CBR is the portion of sub-channels whose S-RSSI exceed a (pre-)configured threshold observed during (working assumption: 100 ms).
· Only the sub-channels included in the resource pool are used for the measurement.
· FFS whether additional separated measurement is needed for SA pool.
· For a UE in Mode 3, the eNB indicates a set of resources on which the UE perform this measurement
· For a UE in Mode 4, the measurement is pool-specific.
· A UE measures at least on its current TX pool(s).
· FFS whether a UE measures on a pool which is not its current transmission pool.
· RAN1 will not optimize this measurement to address the case of multiple TX pools
· UE Reporting of CBR to eNB is supported
· Details up to RAN2 including any possible additional averaging at higher layer


It is, however, unclear how such CBR congestion measurement could be used to help and/or prevent V2V/V2X traffic congestion among UEs since no exact mitigation or traffic relief scheme has been agreed. Furthermore, it is also still unclear under which scenario(s) and for which resource pools (Mode 3 and/or Mode 4) the CBR should be measured and how such CBR measurements can be used by the eNB when it is reported.
In [2] and [3], we provided discussion about different modes of operation, possible uses and reporting of CBR measurement for congestion control. For Tx parameter adjustment based congestion control scheme (e.g. MCS level, PRBs, retransmissions, Tx power, dropping Tx, Tx rate), it is expected that while it can provide temporary relief to traffic congestion in a pool, however, the relief is at an expense of reduced coverage and reception reliability. On the other hand, if there exist multiple carriers and/or resource pools available at the UE location which is very likely in the cases of dedicated ITS spectrum (e.g. 5.9GHz), geo-zone based resource pools and separation of Mode 3/4 pools, traffic offloading and load balancing across these carriers/pools should be exploited.
[bookmark: _GoBack]In this contribution, further details on dynamic resource sharing in eNB and distributed scheduling modes (Mode 3 and Mode 4) based on CBR measurements and reporting are provided.
Dynamic resource sharing in eNB scheduling mode (Mode 3)
As discussed in [3], it is expected that while under eNB control and scheduling, transmission collisions and interference can be managed and minimised as the serving eNB is fully aware of resource utilisation status and CBR of Mode 3 resource pools. Together with UE location reports, eNB can reuse and allocate the same resource sub-channels to multiple UEs to increase SL resource reuse factor as long as these UEs are sufficiently far apart. Hence in our view, UE measurement and reporting of CBR on Mode 3 resource pools is not necessary. 
However, when there exist Mode 4 resource pools and/or carriers that could potentially be used by a UE for V2X transmission, which is very likely the case considering an eNB cannot possibly serve and maintain RRC connections for a very large number of UEs simultaneously during traffic congestion, it should be make possible for the eNB to dynamically schedule and offload some of Mode 3 transmissions on those Mode 4 resource pools if they are underutilised.
Therefore, under the last meeting’s agreement “For a UE in Mode 3, the eNB indicates a set of resources on which the UE perform this measurement”, it is expected the set of resources that the eNB will indicate to UE for performing CBR measurements are relating to Mode 4 resource pools as shown in Figure 1 and/or Mode 4 resources on another carrier. Then based on the reported measurements, the eNB could 
· partially offload Mode 3 UE transmission (as shown in Figure 1 for UE_1) to utilise Mode 4 resource pool 1 for the retransmission of the same TB, or
· fully offload Mode 3 UE transmission (as shown in Figure 1 for UE_2) to utilise Mode 4 resource pool 2 for 1st and retransmission of the same TB.
[image: ]
Figure 1: Dynamic offloading / load balancing of Mode 3 transmissions to Mode 4 pools.
In order to perform partial or full offloading dynamically from Mode 3 to Mode 4 pools, the target pool ID could be included in the DCI for instructing the Tx UE and also in the SA for the 1st transmission to indicate to the Rx UE.
Furthermore, one could consider to define/configure share region within Mode 4 resource pools where only resources within the share region could be dynamically used for dynamic offloading (guest transmissions) to protect transmissions that are already on-going in the target Mode 4 pool.
Proposal 1: Resource sharing of Mode 4 pool(s) should be introduced to allow dynamic offloading of Mode 3 traffic to Mode 4 resources.
Dynamic resource sharing in distributed scheduling mode (Mode 4)
Similar to the above resource sharing for offloading V2V/V2X traffic from Mode 3 UEs, CBR measurement of Mode 4 resource pools (other than the current Tx pool) could also be performed by Mode 4 UEs to load balance across multiple carriers and resource pools. The differences to the above Mode 3 offloading are that reporting of CBR measurements is not entirely necessary (but can be reported to eNB if instructed) and dynamic load balancing can be done autonomously by Mode 4 UEs themselves.
As shown in Figure 2, CBR measurements can be done across multiple resource pools/carriers for a Mode 4 UE within a resource sensing window. Then based on measurement results, the UE autonomously select transmission resources from different resource pools for load balancing during the (re)selection window.
· For UE_1, due to heavy congestion in its current Tx pool (pool 1), it selects pool 2 for retransmission of the same TB – partial load balancing 
· For UE_2, due to heavy congestion in its current Tx pool (pool 1), it selects pool 3 for 1st and retransmission of the same TB – full load balancing
[image: ]
Figure 2: CBR measurement and dynamic load balancing in Mode 4 distributed scheduling and multi-carriers.
In this case, in order to perform the partial load balancing dynamically from one Mode 4 pool to another (same or across carrier), the target pool ID could be included in the in the SA for the 1st transmission to indicate to the Rx UE.
Proposal 2: Resource sharing of Mode 4 pool(s) should be introduced to allow dynamic load balancing of Mode 4 traffic across multiple carriers and/or resource pools.
Proposal 3: For a UE in Mode 4, CBR measurement other than the current Tx pool should be performed to probe resource utilization status of other Mode 4 pools (in same carrier and other carriers) for autonomous and dynamic load balancing.
Conclusion
In summary, based on the provided discussions we propose the followings:
Proposal 1: Resource sharing of Mode 4 pool(s) should be introduced to allow dynamic offloading of Mode 3 traffic to Mode 4 resources.
Proposal 2: Resource sharing of Mode 4 pool(s) should be introduced to allow dynamic load balancing of Mode 4 traffic across multiple carriers and/or resource pools.
Proposal 3: For a UE in Mode 4, CBR measurement other than the current Tx pool should be performed to probe resource utilization status of other Mode 4 pools (in same carrier and other carriers) for autonomous and dynamic load balancing.

References
[1]	3GPP RAN1#86bis Chairman’s Notes (final version)
[2]	R1-1609141	Discussions on congestion control in distributed scheduling mode    NEC
[3]	R1-1609142	Discussions on congestion control in eNB scheduling mode    NEC
1/4

image1.emf
CBR 

measure & 

report

CBR 

measure & 

report

M

o

d

e

 

3

 

T

x

 

p

o

o

l

M

o

d

e

 

4

 

p

o

o

l

 

1

M

o

d

e

 

4

 

p

o

o

l

 

2

Data only

SA & Data

Data only

SA & Data

Data only

SA & Data

R

e

-

T

X

 

(

U

E

_

1

)

1

s

t

 

T

X

 

(

U

E

_

1

)

1

s

t

 

T

X

 

(

U

E

_

2

)

R

e

-

T

X

 

(

U

E

_

2

)


image2.emf
Resource sensing window (e.g. 1s) 

Selection window 

(e.g. 100ms) 

CBR 

measure

CBR 

measure

CBR 

measure

M

o

d

e

 

4

 

p

o

o

l

 

1

M

o

d

e

 

4

 

p

o

o

l

 

2

M

o

d

e

 

4

 

p

o

o

l

 

3

Data only

SA & Data

Data only

SA & Data

Data only

SA & Data

R

e

-

T

X

 

(

U

E

_

1

)

1

s

t

T

X

 

(

U

E

_

1

)

1

s

t

 

T

X

 

(

U

E

_

2

)

R

e

-

T

X

 

(

U

E

_

2

)


