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1	Introduction
In addition to the power saving mechanism and the inter-UE coordination procedure which are discussed in our companion papers [1,2] we propose in this paper some additional enhancements to the resource allocation procedures. These enhancements are needed in order for the resource allocation procedures to work efficiently, and as a consequence, achieve a higher reliability in Mode 2 RA operation. 
Therefore, among these additional considerations it is needed to define restrictions and procedures for UEs sharing a resource pool when using different NR SL operations in Rel-16 or Rel-17, i.e., partial sensing, random resource selection and/or full sensing. To finalize the paper, modifications to the NR Rel-16 congestion control procedure are proposed when considering the defined power limited UEs in NR Rel-17. 
2	Restrictions in shared resource pools
In RAN1#103-e the following was agreed regarding the coexistence of UEs with different resource allocation mechanisms, i.e., full-sensing, partial sensing and/or random resource selection, within the same resource pool.Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.

In our view, it is important to control the degradation of the system performance, e.g., a potential increase of the number of collisions, when UEs with different sensing times are sharing the same resource pool. For example, random resource selection mechanism is intended for UEs without the SL reception capability or sensing capability, and the blind selection of resources may lead to collisions and a degraded system performance. Similarly, the partial sensing UEs may not get the full channel occupancy information and result in degraded system performance. In order to achieve a proper operation within a shared resource pool, we propose to define a set of restrictions for the different SL UEs in a shared resource pool for transmitting in specific resources in order to avoid/minimize collisions with peer UEs. 
[bookmark: _Toc68617564]Introduce restrictions to the resources to be used for transmission in shared resource pools to control the degradation of the system when UEs with different resource selection mechanisms coexist.
In order to achieve this reduced number of collisions, we propose to include a flexible separation of the shared resource pool in several sets of time/frequency resources. This separation restricts the set of resources that UEs with different resource allocation mechanisms, i.e., full-sensing UEs, partial sensing UEs and/or random resource selection UEs, can select in order to minimize the collisions with the peer UEs. The shared resource pool can be (pre-)configured with different areas where a specific number of resources can be allocated for each allowed resource allocation mechanism in the shared resource pool.
[bookmark: _Toc68617565]In a shared resource pool, a separation of resources is (pre-)configured where a specific number of resources are allocated to each resource allocation mechanism allowed in the resource pool.
A full sensing UE, i.e., a UE which is using the resource allocation procedure as defined in NR SL Rel-16, has full awareness of the resource situation in the shared resource pool, and therefore, is able to avoid potential collisions with peer UEs – by means of re-evaluation/re-selection or pre-emption. In this case, there are no limitations to the resources the full sensing UE can select from the shared resource pool. 
However, UEs which use a different resource allocation mechanism such as partial sensing or random resource selection, have a smaller knowledge of the resource pool situation or no knowledge at all for the latter. Therefore, it is important to restrict/reduce the resource(s) that can be selected by these UEs in order to avoid collisions with the peer UEs. 
[bookmark: _Toc68617566]The set of resources that a UE can select from in a shared resource pool is restricted based on the resource allocation mechanism used by the UE.
[bookmark: _Toc61010371][bookmark: _Toc61010372][bookmark: _Toc61010373][bookmark: _Toc61010374][bookmark: _Toc61010375][bookmark: _Toc61010376][bookmark: _Toc61010377]The set of resources that a UE can select is restricted based on their resource allocation scheme, i.e., a full sensing UE can select resources from the entire shared resource pool denoted as X0; a partial sensing UE is restricted to a set X1 of resources and a random resource selection UE is restricted to X2 resources from the shared resource pool, where X0 > X1 > X2, as shown in Figure 1. The definitions of the sets of resources (in time and/or frequency) is included within the configuration of the shared resource pool, which can be either (pre-)configured for the case of UE which are outside of network coverage or configured by gNB in case the UEs are in network coverage. 
[bookmark: _Toc68617567]The definition of the set of resources can be (pre-)configured, i.e., out-of-coverage, or configured by the network when in coverage.
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[bookmark: _Ref61884138]Figure 1: Shared resource pool with flexible separation of resources based on resource allocation mechanism
It is important to note, that a full sensing UE can select resources from the entire resource pool but the full sensing UE will select with a higher likelihood resources from the set defined for full sensing UEs only if possible, i.e., X0, and the same procedure is enabled for the partial sensing UEs and random resource selection UEs. Based on this prioritization mechanism, the potential number of collisions is further reduced.
[bookmark: _Toc68617568]A UE selects with a higher likelihood resource which are associated exclusively to its resource allocation procedure.
3	Congestion control for power saving UE
In relation to the channel occupancy and the trade-off between sensing and the congestion of the channel, in RAN1#103-e meeting, an agreement related to the adjustment of the transmission parameters with respect to the congestion control parameters/congestion in the channel was reached.Agreements:
· Further study congestion control based on CBR and CR for power saving RA schemes
· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes
· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement

However, using the congestion control mechanism based on CBR and CR requires that the UEs are sensing continuously (or at least during a relatively long period) which conflicts with the idea of a power saving RA scheme. The CBR/CR measurement as defined in Rel-16, requires that the UE is sensing for at least 100 slots or 1000 ms which may in most cases diminish the power reduction obtained by using partial sensing and other power saving schemes.
[bookmark: _Toc67657131][bookmark: _Toc68617572]Congestion control based on CBR and CR measurements as defined in Rel-16 requires of long sensing periods, i.e., 100 slots or 1000 ms, that conflicts with the idea of power saving schemes.
Using the current definitions for congestion control metrics, may result in undesirable behavior. For example,
· A UE performing full-sensing senses that 50 out of 100 resources are occupied. The resulting CBR is CBR=50/100=0.5. 
· A UE performing partial sensing (or DRX) is active in 4 slots and senses that 2 out of 4 resources are occupied. According to the existing definitions, the resulting CBR is CBR=2/100=0.02.

That is, although both UEs share the same channel and perceive the same occupancy ratio, their CBR calculations are very different. It is therefore necessary to adapt the congestion control metrics to the reduced measurement time and/or to the intermittent reception.
[bookmark: _Toc67657167][bookmark: _Toc68617569]The congestion control metrics (e.g., CR and CBR) are redefined to reflect that the RX time may be reduced and/or discontinuous.
In addition, the congestion control procedure is defined and configured with the assumption that the measurements are taken over longer intervals. Reducing the reception interval used in the measurements not only reduces the accuracy of the measurements, but also their resolution. This is a problem if the congestion control configuration and procedures are shared between full sensing and partial sensing UEs. It is also relevant for UEs performing DRX.
[bookmark: _Toc67657168][bookmark: _Toc68617570]RAN1 introduces separate congestion control configurations for UEs performing intermittent reception (e.g., using partial sensing and/or SL DRX).
· [bookmark: _Toc67657169][bookmark: _Toc68617571]FFS whether different procedures are needed too.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Congestion control based on CBR and CR measurements as defined in Rel-16 requires of long sensing periods, i.e., 100 slots or 1000 ms, that conflicts with the idea of power saving schemes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce restrictions to the resources to be used for transmission in shared resource pools to control the degradation of the system when UEs with different resource selection mechanisms coexist.
Proposal 2	In a shared resource pool, a separation of resources is (pre-)configured where a specific number of resources are allocated to each resource allocation mechanism allowed in the resource pool.
Proposal 3	The set of resources that a UE can select from in a shared resource pool is restricted based on the resource allocation mechanism used by the UE.
Proposal 4	The definition of the set of resources can be (pre-)configured, i.e., out-of-coverage, or configured by the network when in coverage.
Proposal 5	A UE selects with a higher likelihood resource which are associated exclusively to its resource allocation procedure.
Proposal 6	The congestion control metrics (e.g., CR and CBR) are redefined to reflect that the RX time may be reduced and/or discontinuous.
Proposal 7	RAN1 introduces separate congestion control configurations for UEs performing intermittent reception (e.g., using partial sensing and/or SL DRX).
	FFS whether different procedures are needed too.
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