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1. [bookmark: _Toc18404533][bookmark: _Toc18403966][bookmark: _Toc18413600]Introduction
During the NES study item [1], the possible NES techniques have been discussed, and in the NES WID [2], the following objective has been included:  
· Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 
In RAN2#121meeting, the following agreement has been approved [3]: 
Agreement:
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
3. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer .  FFS on configuration signaling and stage 3.  
4. Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  
Agreements:
1. RAN2 confirms that non-NES UEs can access to NES cells if NES solution is backwards compatible
In RAN2#121bis meeting, the following agreement has been approved [4]: 
Agreements
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
2. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
3. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
4. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 
5. From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions
6. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
7. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period 
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic 
9. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
10. The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  
FFS how to deal with retransmissions
In RAN2#122 meeting, the following agreement has been approved [5]: 
Agreements:
1	UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
2	UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.
3	Working assumption:  When the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.   
4	Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX).  The behavior is captured in stage 2 spec
5	When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy).  This includes DL HARQ feedback.  
Agreements:
1. If RAN4 conclude SSB-less SCell for inter-band CA for FR1 and co-located cells is feasible, the signaling of intra-band CA (including RRC change on timing of SSB-less SCell and capability signaling) can be considered as its baseline. Whether other new signaling is required depends on RAN4 input.
2. If RAN4 concludes it is feasible, RAN2 can further work on at leaest the following specification impacts:
-	RRC configuration of the frequency of the SSB to be used for the UE to obtain the timing reference for the inter-band SCell.
-	UE capability reporting to indicate whether UE supports configuration of inter-band SCell that does not transmit SS/PBCH block.
In RAN2#123 meeting, the following agreement has been approved [6]: 
Agreements:
-	One single bit in SIB1 is introduced for controlling all “NES-capable UEs” to access a cell.  FFS what “NES capable UE” bit means.  The NES UE always follows the NES bit used for barring, if present.  If not present the UE shall follow legacy barring.  
-	No new cell baring techniques for non-NES UEs will be specified.  
-	No new cell re-selection techniques will be considered in this Rel-18
In RAN2#123bis meeting, the following agreement has been approved [7]: 
Agreements for cell reselection:
1. For NES-capable UEs, introduce single code point, meaning not barred.
2. A NES-capable UE in the cell barring context is at least UE supporting cell DTX/DRX.  FFS if other NES features will need to be included only if legacy impact is found.   FFS how we capture it in the CR in terms of wording
3. If the NES UE is barred in the NES cell and the IntraFreqReselection field of the MIB is set to ‘Not Allowed’, the UE cannot reselect to another cell of the same frequency as the barred cell.  If it is set to “Allowed” UE follows intra frequency reselection bit in the MIB.
In the 38.304 running CR for NES, new barring behavior for NES-capable UE are included, but there are some controversial issues to be determined  
In this paper, we will further discuss the cellBarredNES related issues, and give our proposals.
2. Discussion
[bookmark: OLE_LINK2]Based on the NES study item [1] and the NES WID objectives [2] meeting, the following cell specific features will be supported for NES purposes, which may impact on whether to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques:
· Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells
· Specify enhancement on cell DTX/DRX mechanism
· Specify the NES techniques in spatial and power domains, including
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2] 
Based on the current specification, UE couldn’t search a SSB-less cell, so UE shall not select or re-select a SSB-less cell during cell selection and cell re-selection procedure. 
Observation 1: During cell selection and cell re-selection procedure, UE shall not select or re-select a SSB-less cell. 
Based on the following notes for objective of techniques in spatial and power domains in NES WID[2], the enhancements on spatial and power domains for NES does not impact the legacy UE behaviour.. 
·   Note: Above objectives are only for UE specific channels/signals
·   Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
Observation 2: The enhancements on spatial and power domains for NES will not impact the legacy UE behavior, e.g. it can only be activated for the UEs supporting spatial and power domains enhancement for NES. 
Thus, whether NES solution is backwards compatible depends on the detailed mechanism of cell DTX/DRX.
Based on the RAN2 #121 meeting agreement [3], cell DTX/DRX does not impact the UE /inactive behaviour (e.g. RACH, paging, and SIBs in idle/inactive). Thus, whether the NES solution is backwards compatible depends on the detailed mechanism of cell DTX/DRX for UE in RRC_CONNECTED.
Based on the RAN2 #121bis meeting agreement [4], UE doesn’t monitor SPS occasions during Cell DTX non-active period, UE does not transmit on CG occasions during Cell DRX non-active periods, and UE does not transmit SR in the occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period. 
For the agreement that UE doesn’t monitor SPS occasions during Cell DTX non-active period, although legacy UE will monitor SPS occasions during Cell DTX non-active period, it cannot receive PDSCH over some SPS occasions (e.g. during Cell DTX non-active period) since gNB does not transmit PDSCH over the SPS occasions during Cell DTX non-active period, it does not impact the legacy UE behaviour, and is backwards compatible.
Observation 3: The agreement for Cell DTX does not impact the legacy UE behaviour, it is backwards compatible.
For the agreement that UE does not transmit on CG occasions during Cell DRX non-active periods, and UE does not transmit SR in the occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period: since legacy UE cannot follow these new agreement, legacy UE will transmit on CG occasions and/or transmit SR in the SR occasions during Cell DRX non-active periods. If gNB configured with DRX monitors the legacy UE’s PUSCH on CG and/or SR during Cell DRX non-active periods, it cannot enter into power saving mode, and there is not gain for the agreement that UE does not transmit on CG occasions during Cell DRX non-active periods, and UE does not transmit SR in the occasions overlapping with Cell DRX non-active periods. If gNB configured with DRX does monitor the legacy UE’s CG and/or SR during Cell DRX non-active periods, the legacy UE’s PUSCH CG and/or SR will be lost, and the legacy UE may retransmit it, e.g. PRACH procedure may triggered for SR, and then transmit BSR and PUSCH. This will increase legacy UE’s power consumption, and should be avoided.
Observation 4: The agreement for Cell DRX impacts the legacy UE behavior, it is not backwards compatible.
It has been agreed that one single bit in SIB1 is introduced for controlling all “NES-capable UEs” to access a cell. If the NES-capable UEs indicates the UEs supporting at least one of the NES features, then an Cell DRX non capable UE(e.g. a UE only supporting spatial and power domains enhancement for NES) may access a cell configured with cell DRX, it cannot work normally when dedicated CG and/or SR is configured. So, the cellBarredNES should only control the UEs supporting the non-backward compatible feature, e.g. the cell DRX.
Observation 5: If the NES-capable UEs indicates the UEs supporting at least one of the NES features, then an Cell DRX non capable UE may access a cell configured with cell DRX, it cannot work normally when dedicated CG and/or SR is configured.
Proposal 1: The cellBarredNES only control the features that is not backward compatible (e.g. cell DRX).
In RAN2#123 meeting, it has been agreed that “The NES UE always follows the NES bit used for barring, if present. If not present the UE shall follow legacy barring”. But it is not clear whether the legacy barring in the agreement indicates the cellBarred only in MIB, or indicates all the existing cell barred bits (e.g. cellBarred in MIB, cellBarredNTN-r17, cellBarredRedCap1Rx-r17, and cellBarredRedCap2Rx-r17 in SIB1). Considering that NES feature is used for network power saving, and the RedCap feature is used to decrease the UE capabilities (e.g. for low UE cost), it is very possible that a UE supports both NES feature and RedCap feature. If a UE supports both NES feature and RedCap feature.and the NES UE always follows the NES bit used for barring(if present), that means the RedCap UE may not follow the RedCap barring bit, it is contradictory with the definition of the RedCap barring bit.
Observation 6: If a UE supports both NES feature and RedCap feature.and the NES UE always follows the NES bit used for barring(if present), that means the RedCap UE may not follow the RedCap barring bit, it is contradictory with the definition of the RedCap barring bit.
Considering that NES feature and RedCap feature use different UE capabilities , and they are used for different purpose, they may be supported by a same UE, except it is explicitly described that they are contradictory(e.g. it is described explicitly that if a UE supports one, then will not support the other). But we have not see any motivation and benefit to exclude the coexistence. So, RAN2 can confirm that a UE may support both NES feature and RedCap feature.
Proposal 2: RAN2 can confirm that a UE may support both NES feature and RedCap feature.
For NTN UE, the existing principle is that the cellBarred field in MIB is ignored by UEs supporting NTN while cellBarredNTN is included in SIB1. And when cellBarredNES is indicated as "barred", the NES-capable UE shall treat this cell as if cell status is "barred". Since the cellBarredNES is used to implement the intention that legacy UE does not access the NES cell (e.g. in which the cellBarred in MIB is set to Barred), and further control whether a NES capable UE can access a NES cell. This intention is the same as the intention to introduce cellBarredNTN. Thus, we understand the same principle as cellBarredNTN can apply to cellBarredNES when the cellBarredNES is introduced and the expected interpretation for the following setting would be as follows: 
	Cell barred in MIB
	Cell barred for RedCap
	Legacy UE (except RedCap UE )
	RedCap UE
	Cell barred NES
	NES UE
	NES + RedCap UE

	barred
	barred
	Access not allowed 
	Access not allowed
	barred
	Access not allowed
	Access not allowed

	
	
	
	
	Not barred
	Access allowed
	Access not allowed

	barred 
	Not barred
	Access not allowed
	Access not allowed
	barred
	Access not allowed
	Access not allowed

	
	
	
	
	Not barred
	Access allowed
	Access allowed



Which means, for NES-capable UE, only the cellBarred in MIB can be ignored. When NES-capable UE supporting other features (e.g. multiple features coexistence), the UE need to check other cell bar indication for other features, e.g. RedCap, if it is also a RedCap UE.
[bookmark: _GoBack]Proposal 3: If cellBarredNES is present, NES-capable UE only ignores the cellBarred in MIB and the other barring bit still apply if the UE supports the other features.
3. Conclusion
[bookmark: _Toc18404543][bookmark: _Toc18413612][bookmark: _Toc18403976]Based on the analysis in previous sections, the following proposals are given: 
Observation 1: During cell selection and cell re-selection procedure, UE shall not select or re-select a SSB-less cell. 
Observation 2: The enhancements on spatial and power domains for NES will not impact the legacy UE behaviour. 
Observation 3: The agreement for Cell DTX does not impact the legacy UE behaviour, it is backwards compatible.
Observation 4: The agreement for Cell DRX impacts the legacy UE behaviour, it is not backwards compatible.
Observation 5: If the NES-capable UEs indicates the UEs supporting at least one of the NES features, then an Cell DRX non capable UE may access a cell configured with cell DRX, it cannot work normally when dedicated CG and/or SR is configured.
Proposal 1: The cellBarredNES only control the features that is not backward compatible (e.g. cell DRX).
Observation 6: If a UE supports both NES feature and RedCap feature.and the NES UE always follows the NES bit used for barring(if present), that means the RedCap UE may not follow the RedCap barring bit, it is contradictory with the definition of the RedCap barring bit.
Proposal 2: RAN2 can confirm that a UE may support NES feature, RedCap feature and even NTN feature.
Observation 7: The intention to introduce cellBarredNTN and cellBarredNES is similar, and the usage principle of cellBarredNTN can apply to cellBarredNES.
Proposal 3: If cellBarredNES is present, NES-capable UE only ignores the cellBarred in MIB and the other barring bit still apply if the UE supports the other features.
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5. Text proposal for 38.304
[bookmark: _Toc52749313][bookmark: _Toc139143884][bookmark: _Toc46502336]5.3.1	Cell status and cell reservations
Cell status and cell reservations are indicated in the MIB or SIB1 message as specified in TS 38.331 [3] by means of following fields:
-	cellBarred (IE type: "barred" or "not barred") 
Indicated in MIB message. In case of multiple PLMNs or NPNs indicated in SIB1, this field is common for all PLMNs and NPNs. This field is ignored by UEs supporting NTN while cellBarredNTN is included in SIB1. This field is ignored by UEs supporting NES if cellBarredNES is configured in SIB1.
//SKIP THE UNCHANGED PART//
When cellBarredNES is indicated as "barred",
-	The NES-capable UE shall treat this cell as if cell status is "barred".
When cellBarredNES is indicated as "not barred",	Comment by ZTE-Yuan: UE still need to check other barring indication if it also supports other feature with related barring setting.
Thus, these two sentences are not needed because without these two, UE would check other barring indication as legacy.
-	The NES-capable UE shall treat this cell as if cell status is "not barred".
When cellBarredNES is not broadcast in the cell,
-	The NES-capable UE shall follow the MIB cellBarred indication.
When cellBarredNTN is not broadcast in this cell,
-	For NTN access, the UE shall treat this cell as if cell status is "barred".
When halfDuplexRedCapAllowed is not broadcast in this cell,
-	The RedCap UE only capable of operating in half-duplex for FDD shall treat this cell as if cell status is "barred".
//SKIP THE UNCHANGED PART//
6. Text proposal for 38.331
	SIB1 field descriptions

	cellBarredNES
Value notBarred means that the cell is allowed for UEs supporting NES. If not present, the  UEs supporting NESs shall follow the MIB cellBarred indication. This field is only applicable to UEs supporting NES.








