[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #103-e    	          	     		  	R1-2007895
e-Meeting, October 26th – November 13th, 2020
_____________________________________________________________________Agenda item: 8.11.2.1
Source: LG Electronics
Title: Discussion on resource allocation for power saving
Document for: Discussion and decision
1. Introduction
According to WID for NR sidelink enhancement [1], one of the objectives is as follows:
	2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· 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.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.


In this contribution, we discuss the resource allocation to reduce power consumption of the UEs. 

2. Discussion
2.1. Random resource selection and partial sensing operation
In this section, we provide high-level views on what further enhancements can be considered for the resource allocation to reduce the power consumption, when applying the principle of LTE SL to NR mode 2 operation. 
[bookmark: _GoBack]According the partial sensing operation of LTE SL, when a Power Saving UE (P-UE) makes resource (re)selection decision at TTI m, the possible candidates resources, i.e., Y slots, are selected in the selection window (i.e., [m+T1, m+T2]), and the minimum allowed value of Y is (pre)configured. Depending on what Y value is (pre)configured, the level of power consumption and the number of possible retransmissions are changed. To avoid the problematic case where the (pre)configured Y value is less than the necessary number of retransmissions, it can be considered that different Y value is (pre)configured for each priority value (or service type/requirement). By doing so, it would be possible to efficiently support different number of retransmissions required for different service type even in case of partial sensing operation. In addition, if the interference level (e.g., CBR) in the resource pool is low, the probability of resource collision among different UEs could be low from an average point of view. In this case, even if a relatively small Y value is applied, the performance degradation will not be significant. When there is a UE performing the sensing operation in the same resource pool, it would be desirable to reduce interference to a resources selected by the corresponding UE as much as possible. Considering these aspects, it can be defined that different (pre)configured Y values are applied to different interference levels of resource pool or depending on whether or not the UE performing sensing operation is detected (e.g., especially when the information of UE type is signaled via SCI). Also it needs to discuss whether to simply reuse the LTE SL principle of determining the minimum number or location of slots to be monitored for slot n within the set of Y slots. To be specific, in LTE SL, the P-UE senses at least slot n-100*k for any candidate resource in slot n within the set of Y slots, and the set of k is (pre)configured with each element in the range [1, 10]. We think that in NR mode 2, since there is no need to perform the RSSI measurement within the sensing window, the upper bound of k value is set so that 100*k doesn’t exceed the maximum reservation periodicity allowed in the resource pool. In addition, the number of elements in the set of k can be (pre)configured differently per the interference level of resource pool or the priority value of packet to be transmitted. For example, it can be set to a larger value as the interference level of resource pool is higher or the priority value of packet to be transmitted is lower. If the first slot to be monitored is always located 100 slots before slot n, it would be difficult to avoid the collision with a UE that has reserved resources with a short periodicity (e.g., < 100 slots). This problem becomes worse when only candidates with the relatively short reservation periods are allowed in the resource pool. Therefore, the constant value (i.e., 100) in the equation of ‘slot n-100*k’ can be changed to a (pre)configurable value, or it can be replaced with the candidate set of reservation periodicities allowed in the resource pool and a set of k is (pre)configured for each periodicity value. Furthermore, when P-UE selects Y slots in the selection window, it can be defined to deprioritize/avoid selecting a slot if its required slots to be sensed is overlapped with the slot not monitored by P-UE.
Proposal 1: For the partial sensing operation, RAN1 discusses how to (pre)configure/determine the minimum number of candidate slots within the selection window and the minimum number or location of slots to be monitored within the sensing window.
When the TX pool configuration allows both partial sensing operation and random resource selection and the P-UE is not instructed to use only one of them, it needs to discuss how to select one of them. For example, it can be defined that if the interference level of resource pool/amount of remaining battery is higher than the (pre)configured threshold (or the priority value of packet to be transmitted is lower than the (pre)configured threshold), P-UE selects the partial sensing operation. Otherwise, the random resource selection is selected.
Proposal 2: For the case when TX pool (pre)configuration allows both partial sensing operation and random resource selection, RAN1 discusses whether or how to define the criteria to select one of them.
One of ways to reduce P-UE’s power consumption is to lower the probability of retransmissions (or increase the success rate of packet delivery). In this sense, we can discuss the potential enhancements to protect P-UE’s transmission. For example, after defining that the UE type information is singled via SCI, when a resource reserved by P-UE is detected during the sensing operation (or the re-evaluation/pre-emption procedure), whether to exclude this resources (from the set of candidate resources within the selection window) is determined based on the separately (pre)configured RSRP threshold. The RSRP threshold value applied to the resource reserved by P-UE could be set relatively low than that applied to the resource reserved by Vehicle UE (V-UE). Alternatively, it can be considered to add an (pre)configured offset value to the RSRP value measured in the resource reserved by P-UE. In the pre-emption operation, different (pre)configured priority threshold values can be applied between the resources reserved by different UE types (e.g., applying a relatively high priority threshold value to the resource reserved by P-UE). Also in order for P-UE to select a resource having the relatively low interference level, the minimum percentage (X) of candidate resources remaining after the resource exclusion procedure (or the minimum value of T2 for the selection window) can be (pre)configured differently from V-UE. When the ratio of identified candidate resources to the total number of resources in the selection window is less than X %, the upper limit of the number of RSRP threshold increments (or the increased RSRP threshold value) can be (pre)configured for P-UE.
Proposal 3: RAN1 discusses whether or how to protect P-UE’s reserved resource and make P-UE select a resource with low interference level.
When using the random resource selection, it is desirable to maximally reduce the interference to a resources selected by another UE that has performed the sensing operation. In this sense, for NR mode 2, the mechanism of LTE SL can be reused that the randomly selected resource is reselected following the periodic resource reservation procedure, if the partial sensing is allowed in the TX pool.
Proposal 4: RAN1 discusses how to make other UEs (performing the sensing operation) avoid the resource randomly selected by P-UE.
Since the re-evaluation/pre-emption procedures require additional power consumption, it needs to discuss whether/when P-UE performs these operations. For example, it can be simply defined that P-UE does not support/perform those kind of operations, but the probability that the transmission resource of P-UE collides with that of another UE will increase. Alternatively, whether or not the P-UE performs the re-evaluation/pre-emption operations could be determined by considering e.g., the interference level of resource pool, the priority of packet to be transmitted, and the amount of remaining battery. To be specific, in case when the interference level of resource pool/amount of remaining battery is lower than the (pre)configured threshold, it is not necessary for P-UE to perform such operations. In addition, the re-evaluation operation is performed only for the packet with a low priority value, while the pre-emption operation is performed only for the packet with a high priority value. The frequency/portion of performing the re-evaluation/pre-emption operations can be (pre)configured for P-UE.
Proposal 5: RAN1 discusses whether or how to allow the re-evaluation/pre-emption operations to P-UE.
Considering the possibility that P-UE does not have SL RX capability, it needs to discuss how to support the PHY parameter adjustment in terms of congestion control. We think that it could be possible to reuse the principle of LTE SL that the selection of PHY parameter is based on the (pre)configured CBR value.
Proposal 6: When P-UE does not have SL RX capability, RAN1 discusses how to support the PHY parameter adjustment in terms of congestion control.

2.2. Further considerations 
One of topics need to be discussed further is whether P-UE can transmit HARQ feedback (FD) enabled MAC PDU by using the randomly selected resource. If it is allowed, the transmission on the randomly selected resource could generate the interference to both PSSCH/PSCCH RX and PSFCH RX of other UEs. To resolve this problem, for example, it can be defined that HARQ FD enabled MAC PDU is transmitted only using the resource selected by the sensing operation (i.e., only HARQ FD disabled MAC PDU can be transmitted using the randomly selected resource). Alternatively, the PSFCH resource set can be additionally (pre)configured for the randomly selected resource, which is orthogonal to the PSFCH resource set of the resource selected by the sensing operation. The resource pool used for HARQ FD enabled MAC PDU transmission can be (pre)configured separately between the randomly selected resource and the resource selected by using the sensing operation. The minimum time gap between the PSSCH and the associated PSFCH can be also (pre)configured separately for P-UE, which could be larger than that of V-UE (e.g., achieving the power consumption reduction gain resulting from low the processing/clock speed). Furthermore, according Rel-16 specification, even in case when UE repeatedly receives the same MAC PDU that has been successfully decoded in the past (e.g., due to the error of PSFCH reception), it needs to continuously transmit PSFCH conveying ACK information. To reduce the power consumption of unnecessary PSFCH transmission, it can be defined that this behavior is not applied to P-UE or the upper bound of repeated ACK transmission number for the same MAC PDU is (pre)configured.
Proposal 7: RAN1 discusses whether or how to allow HARQ FD enabled MAC PDU transmission by using the randomly selected resource.
In addition, it needs to discuss whether the OLPC parameter/maximum SL TX power value (in SL/DL PL based power control procedure) are the same between P-UE and V-UE. For example, in order to reduce the power consumption, the relatively small OLPC parameter/maximum SL TX power value can be (pre)configured separately for P-UE.
Proposal 8: RAN1 discusses whether or how to support P-UE’s TX power control.
Since dropping of SL packet TX has a negative effect in terms of power consumption reduction, it is necessary to have a discussion on how to handle P-UE’s SL TX in the UL-SL prioritization procedure. For example, it can be defined that when SL TX is overlapped with UL TX from the P-UE perspective, a separately (pre)configured SL (or UL) priority threshold is used to decide which TX is dropped. This SL (or UL) priority threshold value could be relatively larger (or smaller) than that used for V-UE to perform the UL-SL prioritization procedure. Alternatively, an (pre)configured offset value can be added to the priority value of P-UE’s SL TX. By doing so, it could be possible to avoid the frequent dropping of P-UE’s SL TX. 
Proposal 9: RAN1 discusses whether or how to handle P-UE’s SL TX in the UL-SL prioritization procedure.
If the reliability of packet transmission increase, it could be helpful for P-UE to reduce the power consumption. In this sense, the beta value determining/adjusting the number of 2nd SCI mapping REs (or the alpha value determining the upper limit of 2nd SCI mapping REs) can be (pre)configured separately for P-UE, which could be larger than that of V-UE (e.g., achieving the 2nd SCI decoding performance gain resulting from low coding rate). The interference level on the selected resource could be different depending on what kind of sensing method is used. Considering this aspect, the different beta value sets can be (pre)configured between the random resource selection and the partial sensing operation (or between the full sensing operation and the partial sensing operation).
Proposal 10: RAN1 discusses whether or how to increase the reliability of P-UE’s packet transmission.
To reduce the complexity/power consumption of P-UE, it needs to discuss whether to support/perform PSSCH TX with 2 layers (or high modulation order) and SL-SSB TX. In LTE SL, P-UE performing partial sensing operation or random resource selection does not transmit SL-SSB. For example, it can be defined that P-UE performs SL-SSB TX only in the nearest SLSS slot before the actual packet is to be transmitted. With this approach, it is possible to reduce the power consumed by SL-SSB TX.
Proposal 11: RAN1 discusses how to define P-UE’s capability for e.g., PSSCH TX with 2 layers, high modulation order, and SL-SSB TX.


3. Conclusion
In this contribution, the resource allocation to reduce power consumption of the UEs was discussed. The following proposals were made:
Proposal 1: For the partial sensing operation, RAN1 discusses how to (pre)configure/determine the minimum number of candidate slots within the selection window and the minimum number or location of slots to be monitored within the sensing window.
Proposal 2: For the case when TX pool (pre)configuration allows both partial sensing operation and random resource selection, RAN1 discusses whether or how to define the criteria to select one of them.
Proposal 3: RAN1 discusses whether or how to protect P-UE’s reserved resource and make P-UE select a resource with low interference level.
Proposal 4: RAN1 discusses how to make other UEs (performing the sensing operation) avoid the resource randomly selected by P-UE.
Proposal 5: RAN1 discusses whether or how to allow the re-evaluation/pre-emption operations to P-UE.
Proposal 6: When P-UE does not have SL RX capability, RAN1 discusses how to support the PHY parameter adjustment in terms of congestion control.
Proposal 7: RAN1 discusses whether or how to allow HARQ FD enabled MAC PDU transmission by using the randomly selected resource.
Proposal 8: RAN1 discusses whether or how to support P-UE’s TX power control.
Proposal 9: RAN1 discusses whether or how to handle P-UE’s SL TX in the UL-SL prioritization procedure.
Proposal 10: RAN1 discusses whether or how to increase the reliability of P-UE’s packet transmission.
Proposal 11: RAN1 discusses how to define P-UE’s capability for e.g., PSSCH TX with 2 layers, high modulation order, and SL-SSB TX.
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