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1 Introduction
In this contribution, we provide our views on sidelink resource allocation to reduce power consumption and propose associated text proposals to rectify missing or incorrectly captured agreements in Rel-17 specifications.
2 Discussions
2.1 Monitored slots as specified in step 6 for partial sensing
Reason for change:
For periodic-based partial sensing (PBPS), a UE, based on (pre-)configuration, needs to additionally monitor the last periodic sensing occasion prior to the most recent one for a given reservation periodicity. However, this behavior is not captured correctly in step 6 of sensing and resource exclusion procedure in section 8.1.4 of TS 38.214. The determination on Q value is specified in step 6, where there are different conditions – on whether satisfying  (condition 1) and  (condition 2), i.e. whether a received SCI can indicate multiple periodic reservations within a UE’s selection window. Under either condition, current spec only requires a UE to check most recent sensing occasion before the reference slot, and if no SCI is successfully decoded at most recent sensing occasion, the UE will assume no periodic transmission (based on ) will be collided in its selection window. 

[image: ]
[bookmark: _Ref100601664][bookmark: _Ref100601660]Figure 1 Determination on value of Q  in step 6 
Thus, the specification should be updated, as shown in Figure 1, to include the case as per agreement that a UE has to exclude resources based on the most two recent sensing occasions for a given reservation periodicity, when high layer parameter is (pre-)configured to monitor additionally sensing occasion for PBPS.
Based on discussion in RAN1#108-e [1], where a few options were provided as per latest FL’s proposal (proposal 4-2 IV):
Proposal 4-2 (IV): In Step 6 c) of TS38.214 Section 8.1.4, when UE is configured with partial sensing by its higher layer, adopt the following changes:
· When additionalPeriodicSensingOccasion is (pre-)configured,
· Option 1: +1 if  and ; otherwise 
· Option 2:
· Case 1: if  and ; +1
· Case 2: if  and ; 2
· Case 3: if  and ; 
· Case 4: Otherwise 
· Option 3:
· if  and , 
· else if , +1
· else 
· Option 4: No update to the Q formular (i.e., existing R16 Q formular is reused)
Option 2 is preferred because it further defines cases where Q value may be different depending on relationship between  and, as well as,  and, as shown in Figure 2. 
Case 1 and case 2 mainly address the cases that the received SCI at slot m is the most second recent minoring slot for  before reference slot, because there is no correctly decoded SCI at most recent monitoring slot for  before slot. Thus, Q values should be updated to reflect these cases. 
Case 3 and Case 4 are to cover cases that the received SCI at slot m is the most recent slot for  before reference slot and thus can exclude resource without need of look at the second most recent slot. Thus Q value can be same as Rel-16.
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[bookmark: _Ref101446766]Figure 2 Different cases in Option 2
Option 1 captures the Case 1 and Case 2 according to the agreement, however it may not reflect Case 3 and Case 4. If option 1 is to be agreed, another condition needs to be added such that case 3 and case 4 will be implemented based on Rel-16 Q determination.
Option 3 does not correctly reflect the case when  and.
Option 4 is against existing RAN1 agreement, and it should be further noted that this update of Q is new behavior in Rel-17 which is different to Rel-16, and cannot reuse existing Rel-16 equation to cover Rel-17. 
Summary of change:
In step 6 of sensing and resource exclusion procedure as specified in section 8.1.4 of TS 38.214, the determination of Q should be updated to allow a UE to exclude resources based on not only the most recent sensing occasion, but also the last sensing occasion prior to the most recent one, when high layer parameter is (pre-)configured to monitor additionally sensing occasion for PBPS.
Consequence if not approved:
Specification does not fully capture existing RAN1 agreement, and Rel-17 partial sensing feature is incomplete.
Proposal 1: Determination of Q value in step 6 should be updated to reflect RAN1 agreement that a UE needs to exclude resources based on most two recent sensing occasions.
We provide the Text Proposal for section 8.1.4 of TS 38.214 below:
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
1. UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
< Unchanged parts are omitted >
6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 1-A in slot , and 'Resource reservation period' field, if present, and 'Priority' field in the received SCI format 1-A indicate the values  and , respectively according to Clause 16.4 in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than 
c)	the SCI format received in slot or the same SCI format which, if and only if the 'Resource reservation period' field is present in the received SCI format 1-A, is assumed to be received in slot(s)  determines according to clause 8.1.5 the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots according to clause 8.1.7,
· if the UE is configured with partial sensing by its higher layer and higher layer parameter additionalPeriodicSensingOccasion is configured, , if  and ;, if  and ;, if  and ;  otherwise.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK8]otherwise,   if  and ;  otherwise;
where if the UE is configured with full sensing by its higher layer,  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; If UE is configured with partial sensing by its higher layer,  if slot  belongs to the set , otherwise, slot  is the first slot after slot  belonging to the set . Otherwise . If the UE is configured with full sensing by its higher layer,  is set to selection window size T2 converted to units of msec. If UE is configured with partial sensing by its higher layer,  shall be converted to milliseconds, where slot  is the last slot of the  or  candidate slots. The slot  is the first slot of the selected/remaining set of  or  candidate slots.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------
2.2 Random resource selection in a resource pool configured with mixed RA types.
Reason for change:
Different types of RA schemes can be configured in a resource pool including full sensing (both Rel-16 and Rel-17 can share the same pool), partial sensing and random resource selection. However, given that random resource selection UE does not perform sensing, simply allowing sensing-based UE and random resource selection UE in the same resource pool without any conditions, nor collision control, would produce a too-high rate of resource selection collision, thus unacceptable PRR performance as per simulations submitted to RAN1 for discussions including ours with details in the Appendix A-1.
In addition, it is not always possible for a sensing-based UE to back off the reservation made by a random selection UE, because the random selection UE can pre-empt any reserved resources with any priority levels, and pre-emption checking performed by sensing-based UE is priority-based subject to mode 2 sensing and resource exclusion procedure, i.e. if a random selection (re-)transmissions (including reserved transmission) with lower priority (higher value) than that of sensing-based, the sensing-based UE would not re-select its reservations and the collision of resources cannot be avoided given that pre-emption checking is not performed when .
Solution option 1, shown in below, has been discussed in multiple meetings, and was closed to be agreed, as in RAN1#108-e Chair note: 
Proposal: When UE performs random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection,
· Option 1: A priority threshold value is (pre-)configured for the resource pool, below or equal to which random resource selection is allowed. The (pre-)configured priority threshold can be any of the 8 priority values.
· Note 1, lower value means higher priority.
· Note 2, resource pool partitioning is not supported for this case
Objected by Samsung, Nokia/NSB, Xiaomi
A RP configured with mixed full sensing and random resource selection is not supported in LTE-V, due to no design on handing of interference between different RAs, and thus separate resource pools are supported in LTE-V. However, it seems that Rel-17 NR sidelink, if without design on controlling of random resource selection impact on full-sensing, will end up with same situation in LTE-V, and in practical, no deployment will consider such resource pool with mixed type of RAs due to performance degradation to full-sensing transmission.
Observation 1: Without control of random resource selection in the resource pool shared with full-sensing, no practical deployment will consider such RP with mixed RAs due to poor performance.
It is also noted there is concern on this proposal due to RRC impact, and given that option 1 has similar design principle of Rel-16 pre-emption where a priority threshold can be (pre-)configured to control the number of pre-emptions, i.e., pre-emptions are only allowed for important PSSCHs (low priority value). Random resource selection operation is another way of pre-empting those resources selected by sensing-based resource allocation,  and therefore a simplified approach without RRC impact for option 1 is to reuse existing pre-emption priority threshold as the priority threshold for random resource selection.
Summary of change:
For a resource pool configured with mixed resource allocation types, if pre-emption is enabled, the UE with PSCCH/PSSCH transmission of which priority value is lower than the pre-emption priority threshold, can perform random resource selection in this resource pool.
Consequence if not approved:
For a resource pool configured with mixed resource allocation types, without control of UE performing random resource selection, such feature is unable to be practically deployed due to performance degradation to full-sensing transmission.   
Proposal 2: When UE performs random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, if sl-PreemptionEnable is provided and  is configured, below which random resource selection is allowed. 
We provide the Text Proposal for section 8.1.4 of TS 38.214 below:
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
2. UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
< Unchanged parts are omitted >
When the UE is triggered to perform re-evaluation and pre-emption checking, and if Prsvp_TX=0,
-	Candidate resource set (SA) is initialized to the remaining Y' candidate slots starting from slot  and ending at the last slot of the Y' candidate slots, where  is the first candidate slot after slot n+T3.
-	It is up to UE implementation that UE may perform PBPS for periodic sensing occasions after the resource (re)selection when higher layer parameter sl-MultiReserveResource is enabled
-	UE performs CPS starting from at least M consecutive logical slots earlier than  to  slots earlier than 
-	For minimum size M of the CPS monitoring window [n+TA, n+TB], by default, M is 31 unless (pre-)configured with another value, by  contiguousSensingWindowAperiodic.
When the minimum M slots for CPS cannot be guaranteed, UE senses in all available slots starting from the resource (re)selection trigger slot of the same TB to  slots earlier than . The UE re-evaluation and pre-emption checking is based on all available sensing results after n-T0.
When the UE is triggered to perform random selection in the resource pool with allowedResourceSelectionConfig including random resource selection and at least full sensing, the set  for the resource pool is reported to high layers if .
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------
2.3 Random resource selection 
Reason for change:
Random resource selection procedure was not fully captured in the spec. It is also noted that procedures for random resource selection also reuses step 1 and step 4 of that for full-sensing in LTE-V.
Summary of change:
Add procedures for a UE performing random resource selection, where only step 1 and step 4 are executed, to determine and report the set  to its high layer for resource selection.
Consequence if not approved:
Specification does not fully capture existing RAN1 agreement, and Rel-17 random resource selection feature is incomplete.
[bookmark: _GoBack]Proposal 3: Add random resource selection procedure in the spec to report the set SA to high layer.
We provide the Text Proposal for section 8.1.4 of TS 38.214 below:
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
3. UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
< Unchanged parts are omitted >
When a UE is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool, the resource pool is (pre-)configured with allowedResourceSelectionConfig including partial sensing, and partial sensing is configured by higher layer, the UE may perform contiguous partial sensing.
When a UE is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool, the resource pool is (pre-)configured with allowedResourceSelectionConfig including random resource selection, and random resource selection is configured by higher layer, the UE may perform random resource selection, with executing only step 1 and step 4 as follows to report the set  to higher layers.
Notation:
 denotes the set of slots which belongs to the sidelink resource pool and is defined in Clause 8.
The following steps are used:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource for UE performing full sensing or random resource selection, in a set of Y candidate slots within the time interval  for UE performing periodic-based partial sensing correspond to one candidate single-slot resource, or in a set of Y' candidate slots within the time interval  for UE performing contiguous partial sensing if Prsvp_TX=0, correspond to one candidate single-slot resource, where 
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------
3 Conclusions
We have following proposals in this paper:
Proposal 1: Determination of Q value in step 6 should be updated to reflect RAN1 agreement that a UE needs to exclude resources based on most two recent sensing occasions.
Observation 1: Without control of random resource selection in the resource pool shared with full-sensing, no practical deployment will consider such RP with mixed RAs due to poor performance.
Proposal 2: When UE performs random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, if sl-PreemptionEnable is provided and  is configured, below which random resource selection is allowed. 
Proposal 3: Add random resource selection procedure in the spec to report the set SA to high layer.
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Appendix: Simulation results and assumptions
A-1 Random selection in pools with mixed RA schemes
We simulate the random resource selection and the full sensing RA, with following two cases:
· Case 1 - LTE-V baseline, i.e. configuration provides one TX resource pool for full-sensing V-UEs (for V2V only) and another for random resource selection P-UEs (for P2V only) respectively.
· Case 2 – All UEs (for P-UE & V-UE), regardless of type of RA, are in the same TX resource pool, i.e. configurations provides a single resource pool. 
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[bookmark: _Ref95741960]Figure 3. RP configurations for Case 1 and Case 2.
We simulate the random resource selection and the full sensing RA. The system-level results of average PRR, from the only full-sensing V-UEs perspective, is shown in Figure 4. We observe a clear PRR loss of Case 2 over Case 1 from V-UE’s point of view only in Figure 5, if admission of all the P-UEs is allowed to the same resource pool with V-UEs. 
[image: ]
[bookmark: _Ref95741540]Figure 4. Average PRR from full-sensing V-UEs only perspective
We further simulate case 3
· Case 3 – Some of P-UEs select to transmit PSSCH in a TX resource pool configured for mixed full-sensing and reduced-sensing RA, and the remaining P-UEs remain in the dedicated reduced-sensing TX resource pool for PSSCH transmission.
We set different priority thresholds (e.g. priority threshold = 2, 3 and 7) for the resource pool configured for mixed types of RA. A reduced-sensing P-UE can select to transmit PSSCH in the resource pool, if the priority value of this PSSCH is smaller than the priority threshold; otherwise, it selects to transmit PSSCH in another resource pool configured for reduced-sensing RA. In the same way as for Cases 1 and 2, we use random selection RA for reduced-sensing RA, and from the only full-sensing V-UE perspective, where simulation assumption can found in the Appendix Table 1. 
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[bookmark: _Ref95741637]Figure 5. Average PRR from full-sensing V-UEs only perspective, when in a resource pool for mixed types of RA where random selection UEs are admitted if priority < priority threshold. 
Based on these simulation results in Figure 6, for the case that only the highest priority (priority threshold = 2) reduced-sensing P2V PSSCH transmissions (i.e. priority = {1}) are selected to share with those full-sensing V2V PSSCH transmissions in the resource pool configured for mixed types of RA, the impact on the average PRR for those V-UEs performing full-sensing is negligible compared to the baseline (the PRR loss is small, even in longer communicating range). For priority threshold = 3 (i.e. allowing priority value = {1, 2}), impact on V2V transmissions is a bit higher at larger distance. However, if more reduced-sensing PSSCH transmissions are admitted, e.g. a priority threshold = 7 is configured (allowing priority value = {1, 2, 3, 4, 5, 6}), are selected to share with those full-sensing PSSCH transmissions, the performance of average PRR for the V-UEs performing full-sensing degrades with a clear margin, is much worse with increase over communicating distance. This is because a too-high priority threshold value (i.e. admitting too-much low priority traffic) leads to over-populating with reduced-sensing P-UEs and full-sensing UEs sharing the same resource pool, and excessive pre-emptions imposed on full-sensing UEs. For those full-sensing V-UEs with lower priorities than the reduced-sensing UEs are forced to reselect resources to avoid collisions. On the other hand, V-UE continues to re-select resources due to pre-emptions caused by P2V transmission, which further introduces delays. Given the limited resource in a selection window subject to PDB requirement, those full-sensing V-UEs have to increase the RSRP threshold to sustain a sufficient number of single-candidate resources for resource selection. This means those full-sensing V-UE have to (re-)select resources which may cause higher interference to PSSCH reception at targeted recipient UEs, and therefore degrades the PRR performance.
We then look at the PRR performance of random selection UEs only in the Case 3. For those reduced-sensing UEs with PSSCH transmissions in the resource pool configured for mixed types of RA, their PRR performance is higher than that if they were in a dedicated resource pool for reduced-sensing RA, as shown in Figure 7, where we use priority threshold = 2 which has almost no impact on full-sensing UEs performance.
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[bookmark: _Ref95206784]Figure 6. Average PRR from random selection P-UEs only perspective
In this case, around 1% PRR gain is observed at distance 80m for Case 3. This is due to the sensing effort made by the full-sensing UEs, so that a full-sensing UE can re-select resources reserved/occupied by a random selection UE to reduce the collision probability. However, in the dedicated resource pool for random selection RA (case 1 baseline), given that no SCI is monitored by any UE, there is no back-off from the reserved resources to reduce collision. 
[bookmark: _Ref78207212]Table 2: Basic simulation assumptions for mixed types of RA
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	RP configuration
	Case 1: two RPs - one is configured for full-sensing RA, where 3 sub-CHs are configured; the other is configured for reduced-sensing RA only, where 2 sub-CHs are configured. In each RP, one sub-CH consists of 10 PRBs. 

Case 2: There is a single RP configured for mixed types of RA, where 5 sub-CHs are configured, each consists of 10 PRBs.

Case 3: two RPs - one is configured for mixed types RA, where 3 sub-CHs are configured; the other is configured for reduced-sensing RA only, where 2 sub-CHs are configured. In each RP, one sub-CH consists of 10 PRBs.

	Sub-carrier spacing 
	60 kHz SCS

	Resource allocation
	V-UE: Full-sensing (Mode 2 in Rel-16);
P-UE: Random resource selection in Rel-14

	Synchronization
	Ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link & direct pedestrian-to-vehicle link.
Interference is considered among P2V and V2V links for the RP that is configured for mixed types of RA.

	Antenna model
	TR 37.885 Option 1

	Traffic model
	For P2V: Aperiodic: 
Packet size: uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes. 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms, and 100% vehicles generate packets. 
Priority value (value range = {1, 2, 3, 4, 5, 6, 7, 8}) per packet is uniformly distributed.

For V2V: Aperiodic-1 of TR 37.885: 
Packet size: uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes. 
Inter-packet arrival time: 50ms + an exponential random variable with the mean of 50 ms, and 100% vehicles generate packets. 
Priority value (value range = {1, 2, 3, 4, 5, 6, 7, 8}) per packet is uniformly distributed.

	Deployment and UE drop
	Urban-A as defined in TR 37.885 for 500 V-UEs and 500 P-UEs.

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	Unicast (distance index: corresponding to 20m)
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