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1.	Introduction
Regarding the topic of resource allocation enhancement, there were conclusions in RAN1#103-e meeting as below [1].
	Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 
Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection
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.
Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.
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



In this contribution, we investigate resource allocation how to reduce power consumption for mode 2 UEs.
2.	Discussion
According to the WID [2] describes that baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2. RAN2 should revisit the LTE Rel-14 agreements for resource allocation. These agreements were made in the RAN2#97 meeting [3]
	Agreement:
1. eNB may provide resource pool configuration for P2V in broadcast/dedicated signalling. Whether this pool configuration points to same physical resources as V2V pool or not is eNB choice
2. More than one permissions which to enable “random selection”, “partial sensing”, or “either random selection or partial sensing” can be configured to associated with a P2V resource pool
3. One or more resource pools are allowed to be configured for P2V transmission, depends on eNB implementation.  If the eNB doesn’t provide a random selection pool then UEs that only support random selection cannot perform V2P.  
4. One or more resource pools are allowed to be configured for P2V transmission, depends on eNB implementation. 
5. One or multiple resource pools may be configured in dedicated RRC signaling, depending on eNB implementation
6. P2V resource pool configuration is a separate IE from V2V pool configuration, which may contain both shared resource and/or dedicated resource information
7. It is not mandatory for P-UEs to support zone-based resource selection.  The UE reports whether it supports zone-based resource selection.  This is reported in UE capability.  
8. Zone-based configuration cannot be configured for P2V resource in broadcast signalling.
9. If the UE supports zone-based resource selection, the network can provide zone-based configuration if it would like.  
10. For P-UEs configured to allow “either random selection or partial sensing”, then it is up to UE implementation to select a resource selection method if there exist transmission resource pool(s) in which both methods are permitted
11. There is no need for including resource selection method in P-UE SidelinkUEinformaiton message to eNB, because P-UE has already indicated this in UE Capability
12. UEs (P2V and V2V) shall only use random selection in exceptional pool
13. If the UE is configured to do partial sensing only the UE should use partial sensing that pool (e.g. the UE is not allowed to do random selection).  
14. As a baseline, for power saving can be achieved by UE implementation and upper layer mechanisms.
15. P-UEs do not performs CBR measurement.  The configuration parameters can be dynamically provided to the UE via eNB RRC signaling.  FFS whether a CBR value or the full parameters are provided.  FFS whether it is dedicated/broadcast or both.



2.1 Separation of P-UE and V-UE
To reuse the principle of Rel-14 LTE sidelink, RAN2 should consider and decide whether to distinguish P-UE and V-UE in the specification. According to the decision, gNB may configure separate pool resource configuration (e.g., v2x-CommTxPoolNormalCommon-r14, p2x-CommTxPoolNormalCommon-r14) for P-UE and V-UE, respectively. Based on this pool separation, gNB can configure at least one resource selection mechanism both random selection and partial sensing selection on the P2X pool. 

According to the agreements [1] from RAN1 as below, one resource pool can be configured both full sensing and power saving RA schemes.
	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.”



Considering the agreements from RAN1, a pool sharing approach should be considered in RAN2. If the RAN2 decide to separately allocate (at least) one resource pool for power saving UE, separated description of power saving UE (i.e. P-UE) and V-UE seems to be needed to be defined on separated resource pools and differentiated procedures.  Moreover, separated capability and reporting signalling for power saving UE needs to be defined.

Observation 1. RAN1 considers a coexistence of full sensing and power saving RA scheme in the same resource pool. 
Proposal 1. RAN2 should discuss whether to support the separate configuration of TX resource pool for power saving UE or not.

2.2 Unicast mode
In this section, we would like to investigate whether a P-UE supports unicast mode or not. According to the RAN1#86 agreement [3], “The specification supports the possibility for a P-UE to use random selection, including at least all P-UEs which do not have sidelink Rx capability” This agreement indicates that some P-UE might not support sidelink RX capability. Given that a P-UE cannot receive any related PC-5 RRC message transmitted by other UEs. To resolve this issue, the PC-5 RRC message can be relayed via network to setup a PC5 connection. However, this approach is not desirable that it cost a lot of power consumption because the mode 2 P-UE should establish an RRC connection to receive relayed PC-5 RRC messages.
Proposal 2. RAN2 need to consider that P-UE without sidelink RX capability would not support unicast operation.

2.3 Power efficient resource allocation
The power saving operation and effect of the UE may vary according to the resource allocation procedure of the UE (Tx UE or Rx UE). For example, depending on the HARQ Feedback mode (e.g., enabled or disabled) and resource (re-selection procedure), the power saving operation and the power consumption effect may be different.
According to resource allocation procedure of R16 NR V2X, if SL data are available among the logical channels, the Tx UE selects a destination associated to logical channel with the highest priority and allocates sidelink resource to the logical channel. We think if the Tx UE can distinguish service type (e.g., P-UE or V-UE) of available data in logical channel, it can select an optimized sidelink resource for each service type (e.g., P-UE or V-UE). In addition, the optimized transmission parameter (e.g., HARQ feedback mode) for power saving can be set. Therefore, RAN2 should consider a mechanism of distinguishing the service type (e.g., P-UE or V-UE) of target destination data in the AS layer for the UE's power efficient resource allocation.
Observation 2. If the Tx UE can distinguish service type (e.g., P-UE or V-UE) of available data in logical channel, it can select an optimized sidelink resource for each service type (e.g., P-UE or V-UE).
Proposal 3. RAN2 should consider a mechanism that can distinguish the service type (e.g., P-UE or V-UE) of target destination data in the AS layer for resource allocation for successful packet transmission within the DRX active time of the power saving UE.

2.4 Resource reselection by pre-emption and re-evaluation
According to the agreements [1] from RAN1 as below, when a P-UE does not perform a sensing operation, re-evaluation and pre-emption checking are not supported by the P-UE 

	Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.



In Rel-16 NR resource allocation mode 2 operation, when there are multiple MAC PDUs to be transmitted, a UE performs resource reservation in multiple periods. Also, for each MAC PDU transmission, the MAC PDU is transmitted using one of the resources reserved for multiple periods. The resource reselection procedure is triggered based on pre-emption, UL/SL (or NR SL/LTE SL) prioritization, the selected resources which are indicated in SCI are cancelled and a resource reselection procedure is triggered.  After that the reselected resources are re-indicated to an SCI again and transmitted to an RX UE. We think that if the RX UE is a Power Saving UE (P-UE), since the RX UE should receive not only initial SCI (SCI where the resources initially selected by the TX UE is indicated) transmitted by the TX UE but also additional SCI (SCI where the resources reselected by the TX UE is indicated), an additional time is required to the RE UE for remaining as in Active Time, increasing the power consumption of the P-UE. 
Therefore, RAN2 should consider resource allocation enhancement for power saving UE. For example, if only the SDUs for P-UEs are multiplexed in a MAC PDU, a TX UE may not trigger pre-emption based resource reselection. Additionally, it is necessary to discuss how the UE can distinguish whether the SDU is the SDU of the P-UE or the SDU of the V-UE. 
That is, RAN2 needs to check whether a UE’s service (e.g., P-UE targeted SL data or V-UE targeted SL data) is distinguished on the AS layer in Rel-16 NR V2X. If the service is invisible, RAN2 should provide a mechanism or procedure for distinguishing the UE service in the AS layer to support resource allocation operation for power saving UE. 
In a perspective of Tx UE, we can consider that pre-emption is not triggered if the Tx UE can recognize that the service type of the transmitting MAC PDU is a P-UE targeted SL data.
Observation 3. Resource reselection by pre-emption/re-evaluation cause power consumption due to additionally required sensing from Tx UE’s perspective, as well as Rx UE may consume further power consumption to blindly monitor SCI of Tx UE’s reselected resource.
Proposal 4. RAN2 should consider a mechanism that prevents the Tx UE from triggering pre-emption/re-evaluation-based resource (re-)selection for power saving of the Rx UE.
3.	Conclusion
In this contribution, we provide proposals for power efficient resource allocation
Observation 1. RAN1 considers a coexistence of full sensing and power saving RA scheme in the same resource pool. 
Proposal 1. RAN2 should discuss whether to support the separate configuration of TX resource pool for power saving UE or not.
Proposal 2. RAN2 need to consider that P-UE without sidelink RX capability would not support unicast operation.
Observation 2. If the Tx UE can distinguish service type (e.g., P-UE or V-UE) of available data in logical channel, it can select an optimized sidelink resource for each service type (e.g., P-UE or V-UE).
Proposal 3. RAN2 should consider a mechanism that can distinguish the service type (e.g., P-UE or V-UE) of target destination data in the AS layer for resource allocation for successful packet transmission within the DRX active time of the power saving UE.
Observation 3. Resource reselection by pre-emption/re-evaluation cause power consumption due to additionally required sensing from Tx UE’s perspective, as well as Rx UE may consume further power consumption to blindly monitor SCI of Tx UE’s reselected resource.
Proposal 4. RAN2 should consider a mechanism that prevents the Tx UE from triggering pre-emption/re-evaluation-based resource (re-)selection for power saving of the Rx UE.
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