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Introduction
In this contribution, we present our view on R17 NR SL RRM requirement open issues [1].
Discussion
Impact of DRx on SLSS Measurement Requirement
RAN4 agreed to follow R16 requirement for the asynchronized SyncRefUE detection time regardless of DRx cycle lengths. We analyze the power impact in the following. With asynchronized SLSS search of 480ms in 8s and DRx on duration xms and length yms, the minimum total SL UE active time is (in ms)
480 + x * floor(8000/y)
The total active time increases by
480/ (x * floor(8000/y)).
We list a few numerical examples when DRx cycle length > 160ms
	DRx on
	DRx cycle
	Async search increase

	10
	320
	1.92

	20
	320
	0.96

	10
	480
	3

	20
	480
	1.5

	10
	640
	4

	20
	640
	2

	10
	1280
	8

	20
	1280
	4


We can observe that asynchronized SLSS search at least doubles the SL UE active time, and we can see almost ten times power consumption for long DRx cycles. The search presents a huge power impact on SL UE since it requires UE to stay on for 480ms in total during the search time and completely blocks SL UE DRx in the search window, thus eliminate the power saving by R17 enhancement of DRx and partial sensing. 
Observation 1: Asynchronized search at least doubles and can have almost ten times power consumption for SL UE.
Therefore, we propose the conditional asynchronized SyncRef UE search in the following.
Proposal 1: Avoid two to ten times power consumption increase by conditional skipping asynchronized SynRef UE search.
Our proposal on conditional asynchronized SyncRef UE search is based on the following observations:
The purposes of asynchronized SyncRef UE search are:
· To enable UE switching to high priority SyncRef UE. This happens mostly on synchronized cluster edge.
· To enable UE switching to SyncRef UE with better RSRP.
It is beneficial to avoid asynchronized SyncRef UE search to achieve power saving gain by R17 enhancement when UE is unlikely to find high priority SyncRef UE or SyncRef UE with a better RSRP. We make the following observations and analysis, and based on them, we propose a mechanism for identifying the cases in which asynchronized search is useful.
Since RAN4 requires SL UE to transmit SLSS when its sync source RSRP is weak, the SLSS coverage in an OOC sync cluster is likely to become cells packing the cluster.

Then we can observe that when UE is close to cluster center, the received SLSS RSRP doesn’t change too much when UE is moving due to SFN transmission of SLSS and the packed cell coverage.

On the other hand, when UE is close to the cluster edge, the received RSRP may change a lot if UE is not moving towards the cluster center.

Therefore, we conclude that 
· At cluster center: received RSRP is expected to be stronger and more stable
· At cluster edge: received RSRP is expected to be weaker or with a larger variation unless UE moves towards the center. 
Based on the above observations, UE can decide whether the asynchronized search is beneficial by the following metrics:
· SLSS RSRP from the current SyncRef UE source
· SLSS RSRP variation from the current SyncRef UE source: the average value of (instantaneous RSRP - current filtered RSRP)^2 during an evaluation period
To be more specific, UE can skip asynchronized SyncRef UE search to save power when the following conditions are all satisfied:
· SLSS RSRP is larger than a threshold
· SLSS RSRP variation is lower than a threshold
· Data connection is maintained with the current SyncRef UE source
The last condition is added to address the possible out of sync or current synchronization source outage cases. The evaluation period can follow the SLSS Tx initiation/cease requirement when SLSS is the synchronization source to simplify UE implementation.
We revised our proposal according to RAN4#101bis-e discussion, to address the following concerns:
(1) Define the evaluation period and threshold for SLSS RSRP as companies suggested.
(2) Instead of completely skipping the detection, we propose to extend the detection time as a relaxation following power saving methodology in Uu to address companies concern on not be able to find better sync source forever, e.g., max(x*50 DRx cycle length, 8s). When x=2, the increases of on duration compared to async search are in the following table:
	DRx on
	DRx cycle
	Async search increase
	Relaxed async search increase

	10
	320
	1.92
	0.48

	20
	320
	0.96
	0.24

	10
	480
	3
	0.48

	20
	480
	1.5
	0.24

	10
	640
	4
	0.48

	20
	640
	2
	0.24

	10
	1280
	8
	0.48

	20
	1280
	4
	0.24


Observation 2: Relaxed asynchronized search has less than 50% power consumption increase for SL UE. It is much better than almost ten folds increase in power consumption for SL UE when doing legacy asynchronized search when relaxed measurement requirement is max(2*50 DRx cycle length, 8s).
Proposal 2-1: The following relaxed asynchronized SyncRef UE search requirement applies to R17 UE supporting DRx:
UE can extend the detection time to max(x*50 DRx cycle length, 8s), DRx cycle length is the [longest] DRx cycle and 1<=x<=∞, when the a set of conditions are satisfied over an evaluation period. The suggested x value is 4, following R17 connected mode measurement power saving option.
Proposal 2-2: The conditions for asynchronized SyncRef UE search requirement relaxation are the following metrics evaluated over Tevaluate,SLSS:
· SLSS RSRP is larger than a threshold, syncTxThreshOoC
· SLSS RSRP variation is lower than a threshold. The SLSS RSRP variation is the average value of (instantaneous RSRP - current filtered RSRP)^2 during the evaluation period
· Data connection is maintained with the current SyncRef UE source
The evaluation period Tevaluate,SLSS, is the same as SLSS Tx initiation/cease evaluation period when SLSS is the synchronization source. 

In RAN4#101e meeting, there are several questions and concerns raised during GTW discussion. We summarize and address the questions below:
· Skipping async search prevents UE from finding stronger or higher priority SyncRef UEs
The proposed conditions address this concern: UE can only skip async search when finding stronger source is unlikely or not necessary (source RSRP is strong) and finding higher-priority source is unlikely (in the sync cluster center, detected by source RSRP variation)
· Why introduce this in R17?
R17 introduces DRx for power saving. When UE is performing async search, it has to block DRx since the SLSS can come anytime in the searching window.
· How RSRP/RSRP variation thresholds are decided?
The factors to decide these thresholds are similar to sensing threshold. Cluster size, pathloss etc should be considered. Hence we can follow sensing RSRP threshold determination, pre-configured or configured by network, and it’s a per resource pool configuration
· Power saving can be achieved by relaxing the detection time
We believe conditional search is a better solution than blindly extending the detection time, which makes the search procedure slow and not suitable for mobility scenarios like vehicular applications, as we explained in observation 1. Power saving by skipping async search when finding better/higher priority sources is unlikely achieves better power and performance trade-off
· Clarification on data connection condition
This condition applies to all the other SL UEs within the sync cluster to which the DUT UE is communicating. By adding this condition, we ensure that when the sync source timing offset is to large w.r.t. the other SL UEs in the same cluster, UE can perform async search to get to a better sync source with smaller timing offset.
Intra-band con-current V2X operation
Interruption Due to DRx
The following agreement was reached in RAN4#101bis:
-	FFS whether interruptions are applicable for the following WAN conditions and impact on SL transitions between active and non-active SL DRX if interruptions are not applicable:
-	reception of paging
-	reception of system information
[bookmark: _Hlk94781173]-	while onDurationTimer is running
-	while RLF timer is running 
-	while UE is performing CBD
The intention of the discussion is not to sacrifice important signaling and procedures to save SL UE power. However, SL UE may need to transmit/receive important safety related message, and blocking SL inactive to active transition may lead to serious consequence. Therefer, we should restrict the discussion of interruption avoidance to SL UE active to inactive transition only.
Proposal 3-1: The interruptions due to DRx transition agreed in RAN4#101bis is applicable to SL UE active to inactive transition.
The additional interruption avoidance rules are proposed based on LTE ProSe requirement. Note that LTE ProSe shares Tx/Rx resources with Uu and ProSe communication can cause more interruptions. However, NR SL has at least separated Rx resources for SL and Uu, and therefore the interruption is limited to the few slots during DRx transitions between active and inactive modes. We discuss the rules discussed in RAN4#101bis in the following.
· While onDurationTimer is running
This interruption avoidance rule essentially block all the SL DRx transitions during the entire Uu DRx on duration. However, there are many interruptions in on duration across carriers specified for Uu communications, and we don’t think ruling out SL transition interruption on the entire on duration is necessary given the amount of interruptions already specified for Uu operations during on duration.
Proposal 3-2: The interruptions due to DRx transition agreed in RAN4#101bis is applicable while onDurationTimer is running.
· During link recovery procedure
Note that UE is not communicating during link recovery procedure, except measuring the reference signals including SSB and CSI-RS. We then have the following observation:
Observation 3: SSB and CSI-RS period is much shorter than common SL DRx cycles, and therefore the impact on the link recovery procedure from SL DRx active to inactive transition is small even if the transition happens to collide with the RS to be measured.
Proposal 3-3: The interruptions due to DRx transition agreed in RAN4#101bis is applicable while link recovery procedure is running.
· SL resource allocation modes
When UE is in mode 1, network configures SL DRx cycles and can avoid interruptions to Uu link important signaling, and additional avoidance rules are not necessary.
Proposal 3-4: The interruptions due to DRx transition agreed in RAN4#101bis is applicable while SL is in resource allocation mode 1.
We propose to define the same interruption as agreed when NR is in DRX and SL is in SL-DRX because SL and Uu DRx can’t be aligned as MR-DC.
Proposal 4: Define interruptions for the case when NR is in DRX and SL is in SL-DRX.
Scheduling timeline on switching between Uu and SL
The following option was proposed in RAN4#101bis-e:
· Option 1: With option 1 in issue 1-2, accommodate Tx preparation time by
· SL to Uu Tx switch: K2 >= 2 slots for the first UL grant when switching from SL to Uu
· Uu to SL Tx switch: N2 >= one slot + PSSCH preparation time for the first SL grant when switching from Uu to SL
The agreed scheduling restriction addressed switching RF retuning time, but it may not be enough to accommodate TA and preparation time.
The PSSCH preparation time is given below (TS38.214, section 8.6):
Table 8.6-1: PSSCH preparation time
	
	PSSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



With a RF switching time (LO retune time ) =140us (i.e. 2 symbols at 15kHz SCS, 4 symbols at 30kHz SCS and 8 symbols at 60kHz SCS) this would mean a preparation time + switching time will <1 slot at 15kHz SCS and and >1 slot at 30 and 60kHz SCS. When we futher consider N_TA, scheduling restriction of 1 slot may not be enough even for 15kHz. However, instead of extending scheduling restriction, we can extend grant processing timeline to accommodate preparation time while not impacting throughput. The K2 proposal in option 1 can address this preparation time concern.
The PUSCH preparation time is given below (TS38.214, section 6.4)

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	
	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	
	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1



For capability 1 the calculation would be the same as for PSSCH. To align spec for both switching direction, we suggest to consider capability 1. The K2 proposed in option 1 is based on capability 1 preparation time.
Proposal 5: Accommodate Tx preparation time and TA difference between SL and Uu by the following grant processing timeline proposals:
SL to Uu Tx switch: K2 >= 2 slots for the first UL grant when switching from SL to Uu
Uu to SL Tx switch: N2 >= one slot + PSSCH preparation time for the first SL grant when switching from Uu to SL.

Conclusions
Observation 1: Asynchronized search at least doubles and can have almost ten times power consumption for SL UE.
Proposal 1: Avoid two to ten times power consumption increase by conditionally skipping SynRef UE search.
Observation 2: Relaxed asynchronized search has less than 50% power consumption increase for SL UE. It is much better than almost ten folds increase in power consumption for SL UE when doing legacy asynchronized search when relaxed measurement requirement is max(2*50 DRx cycle length, 8s).
Proposal 2-1: The following relaxed asynchronized SyncRef UE search requirement applies to R17 UE supporting DRx:
UE can extend the detection time to max(x*50 DRx cycle length, 8s), DRx cycle length is the [longest] DRx cycle and 1<=x<=∞, when the a set of conditions are satisfied over an evaluation period. The suggested x value is 4, following R17 connected mode measurement power saving option.
Proposal 2-2: The conditions for asynchronized SyncRef UE search requirement relaxation are the following metrics evaluated over Tevaluate,SLSS:
· SLSS RSRP is larger than a threshold, syncTxThreshOoC
· SLSS RSRP variation is lower than a threshold. The SLSS RSRP variation is the average value of (instantaneous RSRP - current filtered RSRP)^2 during the evaluation period
· Data connection is maintained with the current SyncRef UE source
The evaluation period Tevaluate,SLSS, is the same as SLSS Tx initiation/cease evaluation period when SLSS is the synchronization source. 
Proposal 3-1: The interruptions due to DRx transition agreed in RAN4#101bis is applicable to SL UE active to inactive transition.
Proposal 3-2: The interruptions due to DRx transition agreed in RAN4#101bis is applicable while onDurationTimer is running.
Observation 3: SSB and CSI-RS period is much shorter than common SL DRx cycles, and therefore the impact on the link recovery procedure from SL DRx active to inactive transition is small even if the transition happens to collide with the RS to be measured.
Proposal 3-3: The interruptions due to DRx transition agreed in RAN4#101bis is applicable while link recovery procedure is running.
Proposal 3-4: The interruptions due to DRx transition agreed in RAN4#101bis is applicable while SL is in resource allocation mode 1.
Proposal 4: Define interruptions for the case when NR is in DRX and SL is in SL-DRX.
Proposal 5: Accommodate Tx preparation time and TA difference between SL and Uu by the following grant processing timeline proposals:
SL to Uu Tx switch: K2 >= 2 slots for the first UL grant when switching from SL to Uu
Uu to SL Tx switch: N2 >= one slot + PSSCH preparation time for the first SL grant when switching from Uu to SL.
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