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Introduction
The WID on Rel-18 network energy saving holds the following objectives [1]:
	3. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.



Activation
RAN1 has discussed the issue of activation and concluded the following in their incoming LS [2]:
	RAN1 has made the following agreements:
· Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disabling the feature) from RAN1 perspective.

· RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback.
· subject to UE capability
· RAN1 asks RAN2 to consider the additional support of a MAC CE based indication.

· For the group common L1 signalling using PDCCH for cell DTX/DRX activation and deactivation
· Based on new DCI format 2_X
· DCI size budget is not increased
· Number of required BDs is not increased
· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
· FFS new RNTI is used
RAN1 is further working on the details of the group common L1 signaling using PDCCH and will inform RAN2 as further details are agreed and made available. 



We can conclude that RAN1 is looking at the following setup:
1. Activation/Deactivation of a single configuration
2. Group common signalling 
3. FFS if DCI 2_6 is reused. 
RAN1 has further asked RAN2 to consider support for MAC CE based indication. 
Observation 1: RAN1 has agreed to support a group common signalling (similar to wake-up signalling for C-DRX) and asked RAN2 to consider additional support for unicast (de)-activation via MAC CE. 
In our view, RAN2 should consider RAN1 recommendation seriously and design a new MAC CE for Cell DTX/DRX (de)activation for a few crucial reasons:
1. RAN1 agreements imply that group common L1 signalling for PDCCH would be a UE capability, that may be available for all UEs/FRs/bands, etc., thus a baseline is needed that can be supported by all UEs with NES (or cell DTX/DRX) capabilities, which a MAC CE should.
2. Having only cell-level signalling at pre-configured PDCCH occasions that is broadcast to all UEs would limit the NW flexibility to communicate with a single UE without “waking-up the whole cell”, i.e., NW would have to transmit to/receive from a UE seeing a burst of traffic only after it has ensured every other UE has deactivated cell DTX/DRX configuration. We think it is very much beneficial for the NW to have unicast signalling to wake-up UEs on-demand and communicate with them. 
Observation 2: (De)activation cell DTX/DRX via group signalling only limits the NW flexibility and undermines the benefits of L1/L2 signalling over RRC, since everything must happen on cell-level for all UEs on group signalling basis.  
Proposal 1: RAN2 to introduce a MAC CE for cell DTX/DRX (de)activation. FFS the exact design of this MAC CE.
Scheduling Requests
SR During Cell DRX
During the last two meetings, a long discussion has ensued about how SR should be treated during Cell DRX with the following relevant agreements from RAN2 121 bis:
1. 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 

It would be difficult for the NW to configure fairly long Cell DTX/DRX cycles if that means forced SR dropping for extended period of time due to the following reasons
1. SRB: NW may not want to delay SRB from the UE by forcing UE to wait for cell DRX active time, e.g., in the case of SI request.
2. High priority LCH: Recall that RAN2 has advocated for fast L1 activation/deactivation of cell DTX/DRX supposedly to quickly react to traffic requirements for cell DTX/DRX activation. Thus, this is only useful to apply for both DL and UL. For DL, gNB knows of the presence of important traffic and activate via Group DCI or MAC CE (FFS). For UL, SR would be the only way for the gNB to know about important traffic. 
3. BFR: A Scheduling request can be configured for BFR for the UE to quickly indicate beam failure detection to the NW. It is preferrable that this procedure remains unchanged since suppressing this SR would have RAN2 also discussing triggers for CFRA to recover from beam failure. 
Observation 3: There is a need to allow some SR configurations to be transmitted during cell DRX, e.g.,  SRB, High priority LCH,  and BFR.
Observation 4: Suppressing SR during cell DRX and relying on SR-RACH incurs higher UE power and network energy, and thus, should be avoided.  
Proposal 4: SR can be configured to be transmitted or dropped during cell DRX. 
SR During Cell DTX
There is an outstanding issue on transmitting SR during Cell DTX (whether Cell DRX is aligned with DTX or not). Simply put, the UE sending an SR during cell DTX would switch on its active time by legacy procedure, but may not be decoding PDCCH by the following agreement:
1. 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).  
Having already established that some SRs are urgent and should not follow cell DTX/DRX, it would be straightforward to conclude that the UE would need to listen to PDCCH following SR, otherwise the SR would be useless. 
Observation 5: For SR transmitted during cell DTX, there is a need for the UE to listen to PDCCH for gNB response, which is disallowed by current agreements. 
Proposal 5:  after the UE transmits SR during cell DTX, there are two options on what the UE procedure can be:
· Option 1: Reuse UE CDRX mechanism when the UE transmits SR during non-active duration of Cell DRX, i.e. the UE keeps monitoring PDCCH when a SR is sent on PUCCH and is pending. For the allowed SR during non-active duration of Cell DRX, no spec impact on its transmission behavior is foreseen, i.e. the SR can be retransmitted up to sr-TransMax and RACH is triggered when retransmission number is above the threshold [4].
· Option 2: Upon transmitting SR during cell DTX, UE can decode PDCCH for a pre-configured time (call it  CellDTX_SR timer). During this time the UE can receive an explicit or implicit cell DTX unicast activation. If the timer expires without receiving cell DTX deactivation (explicit or implicit), the UE may terminate active time until the next Cell DTX active period.
While option 1 is simpler and requires no standardization effort, it may make the NW too dependent on a single UE transmitting an SR and it may also cause the UE to indefinitely listen for PDCCH even if the NW decides not to come-out of cell DTX non-active period. Furthermore, option 1 has an issue that if an SR is not decoded by gNB, the UE and NW can fall out of sync in terms of their understanding of cell DTX (UE wrongly assumes gNB is active).  
Proposal 6: Upon transmitting SR during cell DTX non-active period, RAN2 to consider introducing a short CellDTX_SR timer to allow the UE to decode PDCCH and receive cell DTX (de)activation (explicit or implicit). 
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SR-RACH
We have previously agreed that:
1. (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.  

To avoid an immediate RACH for every SR dropped by this clause in 38.321:
	As long as at least one SR is pending, the MAC entity shall for each pending SR:
1>	if the MAC entity has no valid PUCCH resource configured for the pending SR:
2>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel the pending SR.


There are a couple of concerns in the agreement above:
Immediately triggering RACH 
 Since the agreement above details delaying SR-RACH it is assumed that the UE does not have any valid PUCCH resources configured neither in the current cell DRX non-active time nor in the incoming cell DRX active time (otherwise there would not be a need for suspending SR-RACH). However, the agreement in its current form may be interpreted that the UE immediately triggers RACH upon entering cell DRX active time at the first available RO, without giving the gNB a chance to configure new PUCCH resources for SR. 
Observation 8: The current agreement on keeping SR pending during cell DRX non-active may cause all UEs with pending SR to trigger RACH immediately upon entering cell DRX active time.
Keeping SR-RACH pending for a very long time:
Another concern is that the current agreement does not guarantee an upper bound on how long the SR may stay pending. Consider the example where all ROs and PUCCH resources overlap with cell DRX non-active. In this case, the UE keeps SR pending indefinitely since the agreement does not specify a way for the UE to trigger SR-RACH. Note that the current MAC spec recognizes that an SR should not be delayed at all when no PUCCH resources are available, so it is fine to delay SR-RACH for a limited time, but we want to clarify the agreement to have a realistic upper bound on how long SR can be kept pending.
Observation 9: Current agreement on keeping SR-pending does not guarantee an upper bound on the time SR can be kept pending. 
Proposed Solution(s):
Given that the intention of the agreement is to delay SR until the NW has had a chance to schedule PUCCH, it is useful to clarify the current agreement to have a more deterministic behaviour on how long the SR-RACH can be kept pending, and when is the RACH triggered. 
To balance these objectives a straightforward extension the agreement above would be to configure the UE with a maximum amount of time the SR can be kept pending before triggering RACH. 
Proposal 7: For SR that would be kept pending during cell DRX non-active period, a timer is configured by the gNB to control how long this SR can be kept pending in order to: 1. Avoid an immediate SR-RACH once cell DRX active time starts 2. Limit the amount of time SR can be kept pending.
Alignment
Currently, alignment is an ongoing email discussion in RAN [2], we will use this section to further demonstrate our views on alignment.
Cell DTX and Cell DRX
Despite the following first meeting agreement: 
	Cell DTX and Cell DRX modes can be configured and operated separately (e.g. one RRC configuration set for DL and the other set for UL).  Cell DTX/DRX can also be configured and operated together



We see that standalone cell DTX or standalone DRX do not bring any NES benefits. On the contrary, they mandate RAN2 revisit many of the well-established and existing procedures and patch them to allow for standalone cell DRX, stand alone cell DTX and joint cell DTX/DRX. 
We use the next two subsections to outline the difficulty of standalone cell DTX or cell DRX. 
Standalone Cell DTX
In standalone cell DTX, UE technically can transmit SR and CG since cell DRX is not configured, so the NW is assumed to want to preserve those operations for supposedly NES or QoS reasons. 
· SR: UE can send SR but cannot monitor PDCCH. UE will keep retransmitting SR until SR-RACH is triggered which is both higher UE power and Network energy than not having cell DTX/DRX to begin with and higher latency, so this is actually a configuration that makes everything worse for the system. 
· CG: UE transmits a CG and starts a CG timer to receive feedback before flushing HARQ. In this case, the only useful portion of the CG timer is either when the RTT timer is running or when cell DTX is active. At which case, the CG timer has to be configured with very long duration to avoid premature HARQ flushing which can cause overuse of HARQ buffers for holding TBs. This is a less severe problem than SR but again it is very questionable what NES benefits come from such a configuration. 
Standalone Cell DRX
For standalone cell DRX, the 38.864 SI has demonstrated that cell DRX benefits is less than cell DTX by quite the significant margin, so this is already not well motivated. For this case realistically given last meeting agreements (DG, retx & HARQ are unchanged), we have a full UL/DL operation except for SR, which is configurable by the NW and the NW can simply avoid configuring PUCCH resources rather than the roundabout way of configuring a standalone cell DRX configuration that is effectively only suspending SR resources (some or all) periodically. We don’t think simply modifying SR occasions merits a standalone Cell DRX operation.
Observation 10: Stand alone cell DTX or stand-alone cell DRX are not properly motivated and complicate MAC with no NES gains or in some cases even higher Network energy consumption (SR in cell DTX only). 
Proposal 8: Cell DTX and Cell DRX are always configured and operate jointly, i.e., Cell DTX and Cell DRX are either simultaneously active or non-active.    
Cell DTX and UE CDRX
C-DRX ON Duration
The WID has defined a need for alignment between cell DTX/DRX and UE CDRX configurations as follows:
	3. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]


This is based on RAN2 earlier SI assumptions. The exact alignment rules or whether any alignment rules are needed are a discussion in [2] with the following proposals: 
Proposal 6: An aligned UE C-DRX configuration with Cell DTX means that the on-duration of C-DRX falls within Cell DTX on-duration. FFS extension of Cell DTX active time beyond Cell DTX on-duration. (15/25)
Proposal 7: The periodicity of UE C-DRX configurations in a cell should be the same or a multiple of the serving Cell’s DTX periodicity. 
In our view, alignment is crucial for a proper UE behaviour in the MAC. There are a few points we would like to make in favour of alignment:
· UE would be running it’s ON duration and inactivity timer afterwards without decoding PDCCH. This is a behaviour that does not make sense as we do not see a reason to have the UE in active time with an inactive gNB.
· More importantly, we are concerned about the placement of activation/deactivation group DCIs. If this is to follow the WUS design, then gNB may reuse or have a very similar design for DCI2_6. If cell DTX/DRX patterns were completely arbitrary, with (de)activation DCIs that can be mismatched with UE CDRX cycles, then the UE may have to excessively halt inactive CDRX cycles to decode those (de)activation DCIs and track the activity of cell DTX/DRX. 
Observation 11:  A misaligned CDRX and Cell DTX configuration may cause the UE to excessively decode (de)activation DCI outside of UE active time. This is especially relevant since Cell DTX/DRX patterns may be configured with a period less of that of the UE. 
To this end, we may have a working assumption on what the UE needs to decode outside of it’s active time. 
Proposal 9: Working Assumption. Other than DCI2_6, the UE is not expected to decode any NES related L1 signalling outside of it’s active time. 
We also think P6 and P7 in the email discussion [3] capture the study item intent well, thus we also prefer simplifying the MAC and PHY operation by agreeing to them.
Proposal 10: RAN2 to confirm the following understanding of CDRX and Cell DTX alignment:
· An aligned UE C-DRX configuration with Cell DTX means that the on-duration of C-DRX falls within Cell DTX on-duration. FFS extension of Cell DTX active time beyond Cell DTX on-duration. 
· The periodicity of UE C-DRX configurations in a cell should be the same or a multiple of the serving Cell’s DTX periodicity.
	
Active time Termination
How should a UE behave upon receiving Cell DTX/DRX deactivation indication?
Whether it be via L1 group signalling or MAC CE, a simple rule is needed for the UE to behave when it receives a cell DTX/DRX deactivation signalling or when cell DTX active time terminates. In our view, the most straightforward way is for the UE is to apply the DRX Command MAC CE rules, i.e., enter inactive time until the start of the next DRX cycle.  
Observation 10: A simple rule is needed for the UE to terminate active time when it receives cell DTX deactivation signalling or when cell DTX active time terminates. Note that the cell DTX patterns may not be fully aligned with CDRX cycles so the next cell DTX active time start may occur during UE inactive time.  
Proposal 11: When a cell DTX active duration terminates, the UE does not decode PDCCH from this cell until the start of the next UE long C-DRX cycle (or next WUS occasion, if configured).  
Conclusion
Observation 1: RAN1 has agreed to support a group common signalling (similar to wake-up signalling for C-DRX) and asked RAN2 to consider additional support for unicast (de)-activation via MAC CE. 
Observation 2: (De)activation cell DTX/DRX via group signalling only limits the NW flexibility and undermines the benefits of L1/L2 signalling over RRC, since everything must happen on cell-level for all UEs on group signalling basis.  
Proposal 1: RAN2 to introduce a MAC CE for cell DTX/DRX (de)activation. FFS the exact design of this MAC CE.
Observation 3: There is a need to allow some SR configurations to be transmitted during cell DRX, e.g.,  SRB, High priority LCH,  and BFR.
Observation 4: Suppressing SR during cell DRX and relying on SR-RACH incurs higher UE power and network energy, and thus, should be avoided.  
Proposal 4: SR can be configured to be transmitted or dropped during cell DRX. 
Observation 5: For SR transmitted during cell DTX, there is a need for the UE to listen to PDCCH for gNB response, which is disallowed by current agreements. 
Proposal 5:  after the UE transmits SR during cell DTX, there are two options on what the UE procedure can be:
· Option 1: Reuse UE CDRX mechanism when the UE transmits SR during non-active duration of Cell DRX, i.e. the UE keeps monitoring PDCCH when a SR is sent on PUCCH and is pending. For the allowed SR during non-active duration of Cell DRX, no spec impact on its transmission behavior is foreseen, i.e. the SR can be retransmitted up to sr-TransMax and RACH is triggered when retransmission number is above the threshold [4].
· Option 2: Upon transmitting SR during cell DTX, UE can decode PDCCH for a pre-configured time (call it  CellDTX_SR timer). During this time the UE can receive an explicit or implicit cell DTX unicast activation. If the timer expires without receiving cell DTX deactivation (explicit or implicit), the UE may terminate active time until the next Cell DTX active period.
Proposal 6: Upon transmitting SR during cell DTX non-active period, RAN2 to consider introducing a short CellDTX_SR timer to allow the UE to decode PDCCH and receive cell DTX (de)activation (explicit or implicit). 
Observation 8: The current agreement on keeping SR pending during cell DRX non-active may cause all UEs with pending SR to trigger RACH immediately upon entering cell DRX active time.
Observation 9: Current agreement on keeping SR-pending does not guarantee an upper bound on the time SR can be kept pending. 
Proposal 7: For SR that would be kept pending during cell DRX non-active period, a timer is configured by the gNB to control how long this SR can be kept pending in order to: 1. Avoid an immediate SR-RACH once cell DRX active time starts 2. Limit the amount of time SR can be kept pending.
Observation 10: Stand alone cell DTX or stand-alone cell DRX are not properly motivated and complicate MAC with no NES gains or in some cases even higher Network energy consumption (SR in cell DTX only). 
Proposal 8: Cell DTX and Cell DRX are always configured and operate jointly, i.e., Cell DTX and Cell DRX are either simultaneously active or non-active.    
Observation 11:  A misaligned CDRX and Cell DTX configuration may cause the UE to excessively decode (de)activation DCI outside of UE active time. This is especially relevant since Cell DTX/DRX patterns may be configured with a period less of that of the UE. 
Proposal 9: Working Assumption. Other than DCI2_6, the UE is not expected to decode any NES related L1 signalling outside of it’s active time. 
Proposal 10: RAN2 to confirm the following understanding of CDRX and Cell DTX alignment:
· An aligned UE C-DRX configuration with Cell DTX means that the on-duration of C-DRX falls within Cell DTX on-duration. FFS extension of Cell DTX active time beyond Cell DTX on-duration. 
· The periodicity of UE C-DRX configurations in a cell should be the same or a multiple of the serving Cell’s DTX periodicity.
Observation 10: A simple rule is needed for the UE to terminate active time when it receives cell DTX deactivation signalling or when cell DTX active time terminates. Note that the cell DTX patterns may not be fully aligned with CDRX cycles so the next cell DTX active time start may occur during UE inactive time.  
Proposal 11: When a cell DTX active duration terminates, the UE does not decode PDCCH from this cell until the start of the next UE long C-DRX cycle (or next WUS occasion, if configured).  
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