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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
In RAN4#101-e meeting, the requirement for initiation/cease of SLSS Tx evaluation, PSBCH measurement period, and synchronized SLSS search time are agreed. The search time of asynchronized SLSS search is pending with the agreed options:
max(8s, [X] SL-DRX cycles)
Note that synchronized SLSS already follows R16 requirement without considering DRx. Therefore, following R16 requirement for SLSS search is at least feasible. On the other hand, when we consider 50 SL-DRx cycle detection time, DRx cycle length of 320ms leads to 16s and 640ms leads to 32s. With typical highway 250km/h speed, UE travels more than 1km in 16s and more than 2km in 32s. Note that propagation delay for 1km is 3.33us, which is larger than CP length for 30kHz. Given that there is no TA coordination on SL, UE may not be able to realibly decode PSBCH of the newly detectable SyncRef UE and use it as a new synchronization source if the detection time requirement is 16s or larger.
Observation 1: UE can travel over 1km distance during detection time for SL-DRx cycle >= 320ms when the requirement is max(8s, 50 SL-DRX cycles), and such distance leads to propagation delay difference beyond CR length and reliable communication may not be feasible.
However, we also recognize the power impact of SLSS search, especially the asynchronized SLSS search. Asynchronized SLSS search requires UE to stay on for 480ms in total during the search time, which may incur much larger power consumption than synchronized search and measurement. The asynchronized SLSS search can completely block SL UE DRx in the search window and eliminate the power saving by R17 enhancement of DRx and partial sensing. Therefore, we propose the conditional asynchronized SyncRef UE search in the following.
Observation 2:
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 
Observation 3:
· 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.
Proposal 1: The following conditional asynchronized SyncRef UE search requirement applies to R17 UE supporting DRx:
UE can skip asynchronized SyncRef UE search to save power when the following conditions are all satisfied over an evaluation period:
· SLSS RSRP is larger than a threshold
· 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 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.
With the conditional asynchronized SLSS search scheme, we propose to follow the search time requirement, 8s, in R16 when the above conditions aren’t satisfied. 
Proposal 2: With conditional asynchronized SLSS search, the asynchronized SLSS detection time requirement can follow R16, 8s.
Intra-band con-current V2X operation
Interruption Due to DRx
Since the DRx interruption between Uu and SL is similar to that across CGs, EN-DC transition between active and non-active interruption is the best reference to specify the requirement. Therefore, we support the following tentative agreement from RAN4#101e:
	
	NR Slot 
	Interruption length X (slots)

	
	length (ms)
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5


Allow up to [1] % probability of missed ACK/NACK when the [configured SL-DRX cycle] is less than 640ms, and up to [0.625] % probability of missed ACK/NACK when the configured [configured SL-DRX cycle] is 640ms or longer. FFS when multiple SL-DRX cycles are configured
Proposal 3-1: Follow tentative agreement for DRx transition between non-active and active interruption from RAN4#101e in the following:
	
	NR Slot 
	Interruption length X (slots)

	
	length (ms)
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5


Allow up to [1] % probability of missed ACK/NACK when the [configured SL-DRX cycle] is less than 640ms, and up to [0.625] % probability of missed ACK/NACK when the configured [configured SL-DRX cycle] is 640ms or longer. FFS when multiple SL-DRX cycles are configured

Additional interruption avoidance rule is proposed based on LTE ProSe requirement:
When SL is for V2X communication, interruptions shall be avoided on WAN during 
· reception of paging,
· reception of system information, 
· while onDurationTimer is running
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. Therefore, we can follow EN-DC instead of LTE ProSe for interruption requirement, and no additional interruption avoidance rules are needed.
Proposal 3-2: Do not specified additional interruption avoidance rules beside proposal 3-1.
When SL UE is transmitting/receiving SLSS and sensing during DRx off time, activating Tx/Rx RF modules causes interruptions on Uu in the same manner as transition between active and non-active DRx states. Therefore, interruption requirement is the same as transition between active and non-active DRx states.
Proposal 3-3: The same interruption as proposal 3-1 applies to SLSS transmission/reception and sensing procedure when SL UE performs them during DRx off time.
Scheduling availability on switching between Uu and SL
The following agreement was achieved in RAN4#101e:
Scheduling restriction calculation when switching TDM based intra-band con-current SL operation
Agreement
· Define the scheduling availability requirements based on one slot as baseline
· If RF’s decision on the switching time impacts on it, it will be revisited.
The scheduling restriction needs to cover both the switching preparation time and switching RF retuning 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.

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. 
Proposal 4: For 15kHz SCS, scheduling restriction on SL to Uu or Uu to SL switch is one slot. For 30kHz and 60kHz SCS, scheduling restriction is > 1 slot if parallel processing of Tx/Rx preparation and RF retuining is not feasible. Otherwise, scheduling restriction is 1 slot.
Scope of Sensing Requirement During DRx
RAN4 should set the requirement to ensure that Tx UE performs proper sensing and select the resource during Rx UE DRx active time, otherwise Rx UE can fail to receive the transmission. 
Proposal 5: RAN4 should define the requirement to ensure that Tx UE performs proper sensing and select the resource during Rx UE DRx active time.
Scope of Partial Sensing Requirement
RAN1 agreed two types of partial sensing schemes:
· Periodic sensing: periodic sensing occasions between the resource selection trigger and the first slot in the candidate set Y are monitored as part of resource selection, i.e. resource selection is delayed until just before the beginning of set Y
· Contiguous sensing: UE performs sensing in a contiguous interval
Both periodic and contiguous sensing schemes are the extension of L1 SL-RSRP measurement for autonomous sensing scheme in R16 with different sensing window setting. Therefore, the requirement can be specified as an enhancement for R16 L1 SL-RSRP measurement. 
Proposal 6: Define the requirement for periodic and contiguous partial sensing as an enhancement for R16 L1 SL-RSRP measurement requirement. 
We address the testability of partial sensing requirements in the following.
For periodic sensing, the candidate set Y is up to UE implementation, and we can’t fully specified the exact location of sensing window since sensing window is determined partially by candidate set Y. However, packet delay budget (PDB) can implicitly determine what’s the range of valid candidate set Y, and thus the the valid range of sensing window locations to avoid collision to periodic transmission reservations. To be more specific, if all the transmissions are periodic, RAN1 defined sensing window is guaranteed to avoid collisions to the reservation in a specific period between packet arrival and PDB. For example, we assume packet arrive at slot 0, and sensing period is 10, and PDB is 30. According to RAN1 agreed periodic sensing procedure, UE is required to avoid collision to any periodic transmission reservation with period 10 sent between slot 0 and 19.
For contiguous sensing with aperiodic transmissions only in the resource pool, the effective sensing window is the same as R16 full sensing when re-evaluation is considered and the minimum contiguous sensing value, M = 31 which is the default value. Therefore, the core requirement is the same as R16 with sensing period length M, the minimum contiguous sensing value, and R16 re-evaluation requirement. For test configuration, we can reuse R16 autonomous resource allocation test and configures M = 31 for the resource pool.
Proposal 7: Guidelines for defining tests corresponding to partial sensing requirement:
(a) Periodic sensing: consider all transmission are periodic and aligned to UE sensing period. UE is required to avoid collision to the reservation in a specific period before PDB regardless of its selection of candidate set Y.
(b) Contiguous sensing: reuse R16 autonomous resource allocation test and configures M = 31 for the resource pool.
Scope of Inter-UE Coordination Requirement
RAN1 agreed two inter-UE coordination schemes as explained in the following. Following RAN1 terminalogies, we call the UE sending the coordinate information UE-A, and the UE receiving coordinate information for resource selection decision UE-B. 
For scheme 1, whether UE sending coordination information is still pending, RAN4 can come back to requirement on UE-A until the final agreement is made by RAN1. For UE-B, there is no measurement involved in resource selection from inter-UE coordination perspective. Therefore, UE-B operation in scheme 1 is out of RAN4 scope.
For scheme 2, similarly, there is no measurement involved in UE-B operation and it is out of RAN4 scope. UE-A’s measurement procedure for scheme 2 is identical to R16 RSRP measurement. Therefore, we don’t see the necessity of the additional requirements for UE-A in scheme 2. 
Observation 4: No measurement procedure is involved for UE-B in both scheme 1 and scheme 2. UE-A’s measurement procedure for scheme 2 is identical to R16 RSRP measurement.
Proposal 8: No requirement is needed for inter-UE coordination UE-B and at least UE-A in scheme 2.

Conclusions
Observation 1: UE can travel over 1km distance during detection time for SL-DRx cycle >= 320ms when the requirement is max(8s, 50 SL-DRX cycles). Such distance leads to propagation delay difference beyond CR length and reliable communication may not be feasible.
Observation 2:
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.
Observation 3:
· 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. 
Proposal 1: The following conditional asynchronized SyncRef UE search requirement applies to R17 UE supporting DRx:
UE can skip asynchronized SyncRef UE search to save power when the following conditions are all satisfied over an evaluation period:
· SLSS RSRP is larger than a threshold
· 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 is the same as SLSS Tx initiation/cease evaluation period when SLSS is the synchronization source.
Proposal 2: With conditional asynchronized SLSS search, the asynchronized SLSS detection time requirement can follow R16, 8s.
Proposal 3-1: Follow tentative agreement for DRx transition between non-active and active interruption from RAN4#101e in the following:
	
	NR Slot 
	Interruption length X (slots)

	
	length (ms)
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5


Allow up to [1] % probability of missed ACK/NACK when the [configured SL-DRX cycle] is less than 640ms, and up to [0.625] % probability of missed ACK/NACK when the configured [configured SL-DRX cycle] is 640ms or longer. FFS when multiple SL-DRX cycles are configured
Proposal 3-2: Do not specified additional interruption avoidance rules beside proposal 3-1.
Proposal 3-3: The same interruption as proposal 3-1 applies to SLSS transmission/reception and sensing procedure when SL UE performs them during DRx off time.
Proposal 4: For 15kHz SCS, scheduling restriction on SL to Uu or Uu to SL switch is one slot. For 30kHz and 60kHz SCS, scheduling restriction is > 1 slot if parallel processing of Tx/Rx preparation and RF retuining is not feasible. Otherwise, scheduling restriction is 1 slot.
Proposal 5: RAN4 should define the requirement to ensure that Tx UE performs proper sensing and select the resource during Rx UE DRx active time.
Proposal 6: Define the requirement for periodic and contiguous partial sensing as an enhancement for R16 L1 SL-RSRP measurement requirement. 
Proposal 7: Guidelines for defining tests corresponding to partial sensing requirement:
(a) Periodic sensing: consider all transmission are periodic and aligned to UE sensing period. UE is required to avoid collision to the reservation in a specific period before PDB regardless of its selection of candidate set Y.
(b) Contiguous sensing: reuse R16 autonomous resource allocation test and configures M = 31 for the resource pool.
Observation 4: No measurement procedure is involved for UE-B in both scheme 1 and scheme 2. UE-A’s measurement procedure for scheme 2 is identical to R16 RSRP measurement.
Proposal 8: No requirement is needed for inter-UE coordination UE-B and at least UE-A in scheme 2.
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