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1. Introduction
[bookmark: OLE_LINK2]In RAN2#120 meeting, the coexistence issue on PEI in case of SL relay was raised as below but there was no consensus yet, and was postponed.
	R2-2212426	Coexistence of PEI in case of SL relay	Ericsson	CR	Rel-17	38.300	17.2.0	0588	-	F	NR_UE_pow_sav_enh-Core, NR_SL_relay-Core
· HW think this change is not needed. Remote UE may not need to monitor for paging. Ericsson think that remote UE may be in coverage. HW assumes that then PEI would be applicable. 
· HW think that relay UE doesn’t ned to monitor PEI for the remote UE, the remote UE can monitor PEI by itself if in coverage. Vivo agrees. 
· Chair think companies may ned to think about this (high confusion)
Postponed


[bookmark: _Hlk127465868]In this contribution, we will discuss potential issues assuming the PEI monitor mechanism for L2 U2N Remote UE would be supported, and provide our views on this coexistence issue. 
2. Discussion
2.1. Background
Paging mechanism for L2 U2N Remote UE 
When both L2 U2N Relay UE and L2 U2N Remote UE are in RRC_IDLE and RRC_INACTIVE state,the L2 U2N Relay UE will monitor paging occasions of its connected L2 U2N Remote UEs. The detailed procedures include the following:
· Step 1: The L2 U2N Remote UE provides UE_ID, i.e. the 5G-S-TMSI and I-RNTI and UE specific DRX cycle configured by upper layer and/or RRC in RRC_IDLE and RRC_INACTIVE.
· Step 2:The L2 U2N Relay UE calculates and monitors paging message of L2 U2N Remote UE based on the information in step 1.
· Step 3: When the L2 U2N relay UE receives paging message from gNB including the ue-Identity of the connected L2 U2N Remote UE, it transmits relevant paging record to the L2 U2N Remote UE.
[bookmark: _Hlk127373180][bookmark: _968484165][bookmark: _968057577][bookmark: _968059297][bookmark: _968059442][bookmark: _967899918][bookmark: _968059420][bookmark: _968060540][bookmark: _968059095][bookmark: _968065686][bookmark: _968059040][bookmark: _967898916][bookmark: _967900323][bookmark: _968491067][bookmark: _969081935][bookmark: _969082143][bookmark: _981793738][bookmark: _968493680][bookmark: _968485490][bookmark: _969080957][bookmark: _968484821][bookmark: _968491141][bookmark: _981793736][bookmark: _968484813]Observation 1: L2 U2N Relay UE will monitor paging occasions of its connected L2 U2N Remote UEs when both L2 U2N Relay UE and L2 U2N Remote UE are in RRC_IDLE and RRC_INACTIVE state.
Paging Early Indication reception
PEI is used for UEs in RRC_IDLE and RRC_INACTIVE to reduce the power consumption on paging monitoring. If PEI configuration is provided in system information and UE supporting PEI, the UE can monitor PEI in RRC_IDLE and RRC_INACTIVE state.  
When PEI is enabled for a UE, if the UE detects PEI and the PEI indicates the subgroup the UE belongs to monitor its associated PO, the UE monitors the associated PO; if the UE doesn’t detect PEI on the monitored PEI  occasion or the PEI doesn’t indicate the subgroup the UE belongs to monitor its associated PO, the UE is not required to monitor the associated PO.
Observation 2: UE will use PEI for paging monitor in a cell if the cell broadcasts PEI configuration and the UE supports PEI.
CN assigned subgrouping and UE_ID based subgrouping
Two UE capabilities for subgrouping were introduced in R17 Power Saving WI, the first one is a common UE capability for PEI and UE_ID based subgrouping indicating whether the UE supports PEI and UE_ID based subgrouping, and the second one is the CN assigned subgrouping indicating whether the UE supports CN assigned subgrouping. UE supports CN assigned subgrouping must support UE_ID based subgrouping. 
Observation 3: Two UE capabilities are introduced for subgrouping, i.e. UE_ID based subgrouping and CN assigned subgrouping.
2.2. [bookmark: _Hlk117151892]Potential issues on the coexistence of PEI and L2 U2N Relay 
Before making the decision on whether to support this coexistence scenario, we think at least the potential issues need to be discussed as follows:
· L2 U2N Relay UE and L2 U2N Remote UE capability mismatch issue
· How to support PEI monitoring in relay UE for paging of remote UEs
2.2.1. L2 U2N Relay UE and L2 U2N Remote UE capability mismatch
In RAN2#120 meeting, [1] proposed two issues for the scenario when the UE capability on supporting PEI is different between L2 U2N Relay UE and L2 U2N Remote UE. The first issue is in case a remote UE doesn’t support PEI while the relay UE supports PEI, the paging for remote UE will fail since the relay UE will monitor paging only when it detects the PEI, while the NW won’t send PEI for remote UE paging; the second issue is in case the remote UE supports PEI but the relay UE doesn’t support PEI, PEI transmissions for remote UE is unnecessary since relay UE will always monitor paging without the need to monitor PEI.
Observation 4: When the UE capability on supporting PEI is different between L2 U2N relay UE and L2 U2N Remote UE, the following issue will occur:
· If  remote UE doesn’t support PEI while the relay UE supports PEI, the paging for remote UE will fail;
· If remote UE supports PEI but the relay UE doesn’t support PEI, the PEI transmissions for remote UE are unnecessary.
Furthermore, another scenario is that both L2 U2N Relay UE and L2 U2N Remote UE support PEI, but the remote UE also supports CN assigned subgrouping while the relay UE doesn’t support CN assigned subgrouping. In this case, the relay UE cannot use PEI for the paging for remote UE, or the relay UE may consider the subgroup ID of remote UE as the UE_ID based subgrouping. It will only monitor PO of remote UE when the corresponding bit associated with this UE_ID based subgrouping in PEI of the remote UE is set to 1. However, the network will send PEI and set the bit associated with the CN assigned subgrouping to 1 if the serving cell supports CN assigned subgroup. Since the UE_ID based subgrouping is likely to be different from the CN assigned subgrouping, the paging for remote UE will fail. 
Observation 5: If remote UE supports CN assigned subgroup but the relay UE only supports UE_ID based subgroup, the paging for remote UE will fail if the relay UE uses PEI for paging monitor of remote UEs.
2.2.2. How to support PEI monitoring in relay UE for paging of remote UEs
In addition to the capability mismatch issue as in section 2.2.1, we still have the following specification effort  to support PEI monitoring in relay UE for paging of remote UEs, e.g.:
· Additional PC5 information from remote UE to relay UE, which may include the CN assigned subgrouping information and UE capability on PEI supporting. 
· PEI-O calculation and PEI monitor behaviour in relay UE for its connected remote UE.
Observation 6: PEI monitoring via L2 U2N Relay UE for an L2 U2N Remote UE needs extra specification efforts.
Considering Rel-17 specification has been already frozen, and it will take some TU to further discuss the detailed scenarios, we think it is not a realistic approach to support this coexistence in Rel-17. The motivation for L2 U2N relay is for coverage extension and power saving for remote UE, while remote UE monitoring PEI with subgrouping could compensate some power saving gain. 
Someone may argue that the remote UE doesn’t need to monitor PO based on the wording in TS 38.304 as follows, however, we think it doesn’t prohibit the remote UE to monitor paging by UE implementation. 
	NOTE 0a:	The L2 U2N Remote UE does not need to monitor the PO in order to receive the paging message.


Based on the above, we think the L2 U2N remote UE supporting PEI could monitor PEI over Uu interface by itself, and sequentially the UE could monitor PO according to the PEI indication by itself. 
[bookmark: OLE_LINK1]Observation 7: For in-coverage scenario, the L2 U2N Remote UE supporting PEI can monitor PEI over Uu interface by itself.
Proposal 1: RAN2 to clarify that PEI monitoring and delivery via L2 U2N Relay UE for an L2 U2N Remote UE is not supported in Rel-17. This doesn’t exclude the case that the L2 U2N Remote UE supporting PEI may decide to monitor PEI over Uu interface by UE implementation.
Based on the above discussion, we propose to make some clarification in the specification, e.g. in TS 38.304. The related text proposals are provided in Annex A.
Proposal 2: Adopt the text proposals in Annex A. 
3. Conclusion
In this contribution, we discuss whether L2 U2N Relay UE will use PEI when it monitors and delivers paging for L2 U2N Remote UE. Based on the discussion, we have the following observations and proposals:
Observation 1: L2 U2N Relay UE will monitor paging occasions of its connected L2 U2N Remote UEs when both L2 U2N Relay UE and L2 U2N Remote UE are in RRC_IDLE and RRC_INACTIVE state.
Observation 2: UE will use PEI for paging monitor if the cell broadcasts the PEI configuration and the UE supports PEI.
Observation 3: Two UE capabilities are introduced for subgrouping, i.e. UE_ID based subgrouping and CN assigned subgrouping.
Observation 4: When the UE capability on PEI support is different between L2 U2N relay UE and L2 U2N Remote UE, the following issue will occur if the relay UE uses PEI for paging monitor of remote UEs:
· If  remote UE doesn’t support PEI while the relay UE supports PEI, the paging for remote UE will fail;
· If remote UE supports PEI but the relay UE doesn’t support PEI, the PEI transmissions for remote UE are unnecessary.
Observation 5: If remote UE supports CN assigned subgroup but the relay UE only supports UE_ID based subgroup, the paging for remote UE will fail if the relay UE uses PEI for paging monitor of remote UEs.
Observation 6: PEI monitoring via L2 U2N Relay UE for an L2 U2N Remote UE needs extra specification efforts.
Observation 7: For in-coverage scenario, the L2 U2N Remote UE supporting PEI can monitor PEI over Uu interface by itself.
Proposal 1: RAN2 to clarify that PEI monitoring and delivery via L2 U2N Relay UE for an L2 U2N Remote UE is not supported in Rel-17. This doesn’t exclude the case that the L2 U2N Remote UE supporting PEI may decide to monitor PEI over Uu interface by UE implementation.
4. References
[1] [bookmark: _Ref35851607][bookmark: _Ref34411460]R2-2212426, Coexistance of PEI in case of SL relay	Ericsson	CR	Rel-17	38.300
Annex A
Text proposal for Rel-17 TS 38.304 ver 17.3.0:
START OF the CHANGE
[bookmark: _Toc124795037]7.2	Paging Early Indication
[bookmark: _Toc124795038]7.2.1	Paging Early Indication reception
The UE may use Paging Early Indication (PEI) in RRC_IDLE and RRC_INACTIVE states in order to reduce power consumption. If PEI configuration is provided in system information, the UE in RRC_IDLE or RRC_INACTIVE state supporting PEI (except for the UEs expecting MBS group notification) can monitor PEI using PEI parameters in system information according to the procedure described below.
Note X: L2 U2N Remote UE supporting PEI in RRC_IDLE and RRC_INACTIVE states could monitor PEI for paging by UE implementation. 
If lastUsedCellOnly is configured in system information of a cell, the UE monitors PEI in this cell only if the UE most recently received RRCRelease without noLastCellUpdate in this cell. Otherwise (i.e., if lastUsedCellOnly is not configured in system information of a cell), the UE monitors PEI in the camped cell.
The UE monitors one PEI occasion per DRX cycle. A PEI occasion (PEI-O) is a set of PDCCH monitoring occasions (MOs) and can consist of multiple time slots (e.g. subframes or OFDM symbols) where PEI can be sent (TS 38.213 [4]). In multi-beam operations, the UE assumes that the same PEI is repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the PEI is up to UE implementation.
The time location of PEI-O for UE's PO is determined by a reference point and an offset:
-	The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O, provided by pei-FrameOffset in SIB1;
-	The offset is a symbol-level offset from the reference point to the start of the first PDCCH MO of this PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O in SIB1.
If one PEI-O is associated with POs of two PFs, the two PFs are consecutive PFs calculated by the parameters PF_offset, T, Ns, and N. The first PF of the PFs associated with the PEI-O is provided by (SFN for PF) - floor (iPO/Ns)*T/N, where SFN for PF is determined in clause 7.1, iPO is defined in clause 10.4a in TS 38.213[4], T, Ns, and N are determined in clause 7.1.
The PDCCH MOs for PEI are determined as specified in TS 38.213 [4] according to pei-SearchSpace, pei-FrameOffset, firstPDCCH-MonitoringOccasionOfPEI-O and nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured as specified in TS 38.331 [3]. When SearchSpaceId = 0 is configured for pei-SearchSpace, the PDCCH MOs for PEI are same as for RMSI as defined in clause 13 in TS 38.213 [4]. UE determines first PDCCH MO for PEI-O based on pei-FrameOffset and firstPDCCH-MonitoringOccasionOfPEI-O, as for the case with SearchSpaceId > 0 configured.
When SearchSpaceId = 0 is configured for pei-SearchSpace, the UE monitors the PEI-O according to searchSpaceZero. When SearchSpaceId other than 0 is configured for pei-SearchSpace, the UE monitors the PEI-O according to the search space with the configured SearchSpaceId.
A PEI occasion is a set of 'S*X' consecutive PDCCH MOs, where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1, and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH MO for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S. The PDCCH MOs for PEI which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH MO for PEI in the PEI-O. When the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent MO(s) associated with the same PEI-O.
If the UE detects PEI and the PEI indicates the subgroup the UE belongs to monitor its associated PO, as specified in clause 10.4a in TS 38.213 [4], the UE monitors the associated PO as specified in clause 7.1. If the UE does not detect PEI on the monitored PEI occasion or the PEI does not indicate the subgroup the UE belongs to monitor its associated PO, as specified in clause 10.4a in TS 38.213 [4], the UE is not required to monitor the associated PO as specified in clause 7.1.
If the UE is unable to monitor the PEI occasion (i.e. all valid PDCCH MO for PEI) corresponding to its PO, e.g. during cell re-selection, the UE monitors the associated PO according to clause 7.1.
In RRC_INACTIVE state, when the UE uses the same i_s as for RRC_IDLE state as specified in clause 7.1, the UE shall use the same iPO as for RRC_IDLE state. Otherwise, the UE determines the iPO based on the formula defined in clause 10.4a in TS 38.213 [4].
END OF the CHANGE


