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1. [bookmark: _Toc18404533][bookmark: _Toc18413600][bookmark: _Toc18403966]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 [4]: 
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 this paper, we will further discuss the necessity and feasible solutions to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, 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 behaviour. 
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 behaviour, it is not backwards compatible.
To deal with the cell DRX non-backwards compatible issue, the following alternatives can be considered:
· Alt 1: Based on NW implementation. E.g. for legacy UE, NW does not configure CG and SR resource during Cell DRX non-active periods. This alternative does not impact specification, but since the CG, SR and DRX are all periodic resource, it is difficult to avoid time overlap between CG/SR and cell DRX when the CG/SR periodicity and cell DRX periodicity is different, and will impact NW implementation.     
· Alt 2: A cellBarredCellDRX indicator should be introduced in SIB1. If the cell DRX is adopted and cellBarredCellDRX is present, the legacy cellBarred indicator is set to “Barred” to prevent the legacy camping on cells adopting cell DRX, and the UE supporting cell DRX decide whether the cell is barred or not barred based on the cellBarredCellDRX.
For NW implementation flexibility, Alt 2 should be considered.
Proposal 1: a cellBarredCellDRX indicator is introduced in SIB1 to deal with the cell DRX non-backwards compatible issue.
Proposal 1a: If the cell DRX is adopted and cellBarredCellDRX is present, the legacy cellBarred indicator is set to “Barred” to prevent the legacy camping on cells adopting cell DRX, and the UE supporting cell DRX decide whether the cell is barred or not barred based on the cellBarredCellDRX.
In network with light load, when one cell/frequency can bear all the traffic load in the area, the UEs can be converged to one legacy cell/frequency and the other cell/frequency in the area would be turned off for network power saving.
In network with middle or high load, load balance may be necessary, e.g. the UEs are distributed among multiple cells/frequencies for better QoE. In which case, if the legacy UEs are distributed in the legacy cells/frequencies, and NES-capable UEs are distributed in the NES cells, the NES features can be used as soon as possible for power saving. The UEs distribution between cells/frequencies are usually performed in cell re-selection procedure.
Observation 5: Whether the NES-capable UEs need to prioritize NES cells for cell re-selection depends on the network load.
To prioritize NES cell or NES frequency for cell re-selection for load balance case, two ordinary ways are used:
· Alt 1: the NES-capable UEs shall always consider the NES cells to be the highest priority.
· Alt 2: add an Qoffet to the NES cell or the NRS frequency, whenever the serving cell is the NES cell or belongs to the NES frequency, or whenever the neighbor cell is the NES cell or belongs to the NES frequency. E.g. enhance the cell re-selection procedure as following:  
	Rs = Qmeas,s +Qhyst - Qoffsettemp + QoffsetNES 
Rn = Qmeas,n -Qoffset - Qoffsettemp + QoffsetNES


where:
	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.
For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3].

	QoffsetNES
	Qoffset applied to NES cell(or NES frequency) for NES-capable UE.
If the UE supports NES features(e.g. cell specific DTX/DRX and mobility enhancements for NES etc), and QoffsetNES is configured for the cell(or for the frequency of the cell), QoffsetNES is applied; else, QoffsetNES is not applied.


Since UE in RRC_IDLE or RRC_INACTIVE state cannot be aware of the network load, based on the observation 5, it is necessary for network to control whether to prioritize NES cell or NES frequency for NES-capable UE cell re-selection based on the network load, whatever the alt 1 or alt 2 is used. For load balance flexibility (e.g. not all NES-capable UEs will be balanced to NES cells), it is suggested to add a Qoffet to the NES cell or NES frequency to prioritize NES cell or NES frequency for NES-capable UE cell re-selection. 
Since Qoffsets,n and Qoffsetfrequency are already used for cell re-selection, which can prioritize the legacy UEs to re-select a configured cell and/or a configured frequency. Thus, the legacy Qoffsets,n and Qoffsetfrequency can be used to prioritize the legacy UEs to re-select a legacy cell and/or a legacy frequency, and the new QoffsetNES (or new QoffsetNES plus legacy Qoffsets,n and/or Qoffsetfrequency) can be used to prioritize the NES-capable UEs to re-select a NES cell and/or a NES frequency.
Observation 6: The legacy Qoffsets,n and Qoffsetfrequency can be used to prioritize the legacy UEs to re-select a legacy cell and/or a legacy frequency. The new QoffsetNES (or new QoffsetNES plus legacy Qoffsets,n and/or Qoffsetfrequency) can be used to prioritize the NES-capable UEs to re-select a NES cell and/or NES frequency.
Proposal 2: Whether to prioritize a NES cell or NES frequency for NES-capable UE cell re-selection depends on whether QoffsetNES is configured for the cell or frequency. And if configured, QoffsetNES is used to prioritize the NES cell or NES frequency for NES-capable UE cell re-selection.
3. Conclusion
[bookmark: _Toc18404543][bookmark: _Toc18413612][bookmark: _Toc18403976]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.
Proposal 1: a cellBarredCellDRX indicator is introduced in SIB1 to deal with the cell DRX non-backwards compatible issue.
Proposal 1a: If the cell DRX is adopted and cellBarredCellDRX is present, the legacy cellBarred indicator is set to “Barred” to prevent the legacy camping on cells adopting cell DRX, and the UE supporting cell DRX decide whether the cell is barred or not barred based on the cellBarredCellDRX.
Observation 5: Whether the NES-capable UEs need to prioritize NES cells for cell re-selection depends on the network load.
Observation 6: The legacy Qoffsets,n and Qoffsetfrequency can be used to prioritize the legacy UEs to re-select a legacy cell and/or a legacy frequency. The new QoffsetNES (or new QoffsetNES plus legacy Qoffsets,n and/or Qoffsetfrequency) can be used to prioritize the NES-capable UEs to re-select a NES cell and/or NES frequency.
[bookmark: _GoBack]Proposal 2: Whether to prioritize a NES cell or NES frequency for NES-capable UE cell re-selection depends on whether QoffsetNES is configured for the cell or frequency. And if configured, QoffsetNES is used to prioritize the NES cell or NES frequency for NES-capable UE cell re-selection.
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