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 Introduction
In RAN1 #112b-e meeting, RAN1 made some agreements on UE behavious in cell DTX/DRX non-active period, and had discussion on L1 signaling for cell DTX/DRX. In this contribution, we provide our further considerations on the above topics.
 On UE behaviors in Cell DTX / DRX non-active duration
In RAN1 #112b-e meeting, the following agreemnts for UE reception and/or processing in non-active periods of cell DTX have been made.
	Agreement
From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· FFS:
· PDCCH in USS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in Type-3 CSS will be excluded from cell DTX operation
· PRS
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
· FFS on how to differentiate (if needed) with other CSI-RS used for CSI reports for BM
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: Whether the list of impacted signals/channels can be configurable
· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Agreement
For PDDCH monitoring, further work on Rel-18 NES in RAN1 is to follow the RAN2 agreement below:
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).  



[bookmark: _Hlk513060382]For TRS, it is required that CONNECTED UE will always receive a TRS configuration as described in 38.213, “A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.” What's more, in Rel-17 WI of UE power saving enhancement, IDLE/INACTIVE UEs can also be configured to use TRS. And the WID objective has a NOTE that impact to IDLE/INACTIVE UEs should be avoided. 
To not impact legacy UEs that do not support NES feature, it is proposed that TRS is still maintained during non-active duration of cell DTX.
Proposal 1: To not impact legacy UEs that do not support NES feature, TRS is still maintained during non-active duration of cell DTX.
For CSI-RS for L1-RSRP/SINR measurement, RRM and RLM, although not explicitly required as TRS, they do have impacts especially on UE measurement latency requirement. Currently, UE measurement requirements have all be made assuming that CSI-RS are still transmitted although with UE DRX configured. As can be seen from the RAN4 requirement (take the CSI-RS for RLM as an example, Table 8.1.3.2-1 in TS38.133), only the CSI-RS periodicity and UE DRX cycle is considered in the requirement design so far with a basic assumption that when configured, CSI-RS will always be transmitted and it is up to UE implementation to determine which CSI-RS occasion to collect the measurement samples on. 
TS38.133 Table 8.1.3.2-1: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR1
	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	Max(200, Ceil(Mout×P)×TCSI-RS)
	Max(100, Ceil(Min×P) × TCSI-RS)

	DRX ≤ 320ms
	Max(200, Ceil(1.5×Mout×P)× Max(TDRX, TCSI-RS))
	Max(100, Ceil(1.5×Min×P)× Max(TDRX, TCSI-RS))

	DRX > 320ms
	Ceil(Mout×P) × TDRX
	Ceil(Min×P) × TDRX

	NOTE:	TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10ms, 20 ms or 40 ms. TDRX is the DRX cycle length.



More specifically, for UE DRX cycles smaller than 320ms, the measurement is relaxed (1.5×Mout×P) due to reason that the CSI-RS transmission periodicity and the DRX cycle are not well aligned (as shown in the left figure of Fig.1). Ideally, the measurement interval would be a lowest common multiple (LCM) of TCSI-RS and TDRX, however, since the delay may be too large if LCM is used, a compromise of 1.5 times of the original defined value was determined. This compromise was made under the assumption that CSI-RS is always there even when UE DRX is configured. However, if it is agreed that CSI-RS during cell DTX non-active duration are not transmitted (as shown in the right figure of Fig.1), there is no way for UE to measure during the non-active duration to meet the requirement. This will lead to additional discussions in RAN4 and will increase UE measurement latency. This cannot be easily compromised to a larger number as in UE DRX case since UE can not find a proper CSI-RS to measure in any non-active duration.
[image: ]        [image: ]
Fig. 1 UE DRX/Cell DTX not aligned with CSI-RS
Similar for all the other CSI-RS for purposes other than tracking, whether they can be stopped during the non-active duration highly impacts the UE measurement latency requirement. 
Considering that legacy UEs are still allowed to access NES cell, to ensure their performance, it is possible that CSI-RS resources are still configured for them. Network could indicate those CSI-RS resources as available resource during the non-active period, and stop transmitting those resources configured for NES UEs only. Thus it is preferred that NW support the configuration of CSI-RS resources for UE to monitor during the non-active period and whether UE supports complete shut-down of all CSI-RS resources can be a UE capability. 
Observation 1: Allowing P/SP CSI-RS to be stopped during cell DTX/DRX non-active duration may significantly increase UE measurement latency.
Proposal 2:  Support network configuration of a list of P/SP CSI-RS for L1-RSRP/SINR measurement, RRM, RLM, for UE to not expect to receive and/or process during non-active period of cell DTX. 
Proposal 3: Whether UE supports not receiving and/or processing P/SP CSI-RS during non-active period of cell DTX is reported as UE capability.

There were also other discussion in last meeting on PDCCH monitoring exception cases, e.g. retransmission, when contention resolution time is running or when there is ongoing data burst.
If the new PDSCH/PUSCH transmission is performed, it means it is a transmission/reception of high priority. Then, it makes sense to allow its retransmission. We think existing UE CDRX retransmission timer based mechanism (i.e. HARQ RTT timer and retransmission timer) can be reused. 
Proposal 4: When UE performs new PDSCH/PUSCH transmission during non-active duration of Cell DTX/DRX, retransmission is allowed and UE CDRX retransmission timer based mechanism  is baseline, i.e., UE is expected to monitor PDCCH when retransmission timer is running after HARQ RTT timer expires. 
Regarding the case when contention resolution timer is running, it has already been agreed that RACH is not affected during the cell DTX/DRX, therefore, it is reasonable to still monitor PDCCH when contention resolution timer is running. 
Proposal 5: UE is expected to monitor PDCCH during non-active period of cell DTX when contention resolution timer is running. 

In RAN1 #112b-e meeting, the following agreements for UE transmission in non-active periods of cell DRX have been made.
	Agreement
From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS 
· FFS: SRS for positioning
· FFS:
· HARQ feedback for SPS PDSCH
· FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX
· FFS Whether the listed signals/channels can be configurable by gNB
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period



Considering RAN2 agreement that “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”. There are two cases for HARQ feedback to be considered:
Case 1: All the SPS occasions are in cell DTX non-active period.
Case 2:  At least one of the SPS occasion is in cell DTX active period, while the reset are in non-active period.
For case 1, it is obvious that HARQ feedback for SPS PDSCH is no longer needed. 
For case 2, there is a possibility that the HARQ feedback for the corresponding SPS occasion falls in the non-active period of cell DRX. There are three alternatives to be considered,
Alt 1: The HARQ feedback corresponding to the SPS occasion in active period is still transmitted regardless of cell DRX non-active period
Alt 2: The HARQ feedback corresponding to the SPS occasion in active period is dropped if it falls in the cell DRX non-active period
Alt 3: The HARQ feedback corresponding to the SPS occasion in active period is postponed to the next active period. 
Considering that UE implementation complexity and memory, as well as providing feedback in time for network, it is preferred to support Alt 1. 
Proposal 6: HARQ feedback for SPS PDSCH is no longer needed for occasions within the non-active period of cell DTX. HARQ feedback corresponding to the SPS occasion in active period is not affected by the cell DRX non-active period.
For HARQ feedback for DG PDSCH, It can be gNB implementation to avoid scheduling PDSCH in the non-active period and avoid HARQ feedback in the non-active period. However, if gNB schedules PDSCH using PDCCH in ON duration, it is highly possible a high priority traffic, the HARQ-ACK for the DG PDSCH is still allowed to simplify UE implementation, save UE memory as well as providing feedback in time for network. 
Proposal 7: HARQ feedback for DG PDSCH is still allowed in cell DRX non-active period. 
 On L1 Signaling for Cell DTX/DRX activation/deactivation
In RAN2 LS [1], the identified benefits of L1 signalling for cell DTX are 
· Reduced signalling overhead caused by multiple dedicated RRC messages (group common signalling) 
· More dynamic changing than RRC signalling (however, RAN2 did not evaluate the network energy saving gain by reducing the latency of activation/deactivation with L1 signalling for more dynamic changing)
The feasibilty of L1 signaling to support cell DTX/DRX was agreed as working assumption in RAN1 #112b-e, then regarding the reliability, 
If the L1 signaling for deactivating the cell DTX/DRX pattern is missed, UE would still enter the non-active period, during which the UE at least stops monitoring the new transmission PDCCH or stop P/SP CSI report according to the current agreement. In this case, NW would not be receiving HARQ-ACK or CSI feedback from the UE, and thus be able to identify that the deactivation signalling is missed. 
If the L1 signaling for activating the cell DTX/DRX pattern is missed, UE would still monitor PDCCH or feedback P/SP CSI report although the gNB has already stopped sending PDCCH or stopped receiving CSI report. In this case, UE power would be wasted. Therefore, for the activating DCI, schemes that ensure the reliability should be pursued.
It is noted that for the activation or deactivation of type 2 configured uplink grant, there is a MAC CE confirmation of the PDCCH reception. For the PDCCH activating/deactivating, a similar MAC CE would be preferred to guarantee the reliability of the L1 signaling. 
Observation 2: Reliability of L1 signaling for cell DTX/DRX activation/deactivation can be guaranteed by using the confirmation MAC CE similar to CG confirmation MAC CE. 
Proposal 8: Support using MAC CE to confirm reception of L1 signaling for cell DTX/DRX activation/deactivation. 
Considering that this is more related to cell behavior, and one of the benefit identified by RAN2 is reducing the signaling overhead caused by multiple dedicated RRC messages, it is preferred to support group common signaling of SIB PDCCH. Regarding the DCI signaling content, the simplest way is to introduce 1 bit to indicate the activation/deactivation of the RRC configured pattern. Reusing the paging DCI or DCI format 2_6 which is also used for power saving can be considered. 
Proposal 9: Support  group-common L1 signaling or paging indication for cell DTX/DRX activation/deactivation, consider reusing DCI format 2_6 or paging DCI for this purpose. 
 Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Allowing P/SP CSI-RS to be stopped during cell DTX/DRX non-active duration may significantly increase UE measurement latency.
Observation 2: Reliability of L1 signaling for cell DTX/DRX activation/deactivation can be guaranteed by using the confirmation MAC CE similar to CG confirmation MAC CE. 

Proposal 1: To not impact legacy UEs that do not support NES feature, TRS is still maintained during non-active duration of cell DTX.
Proposal 2:  Support network configuration of a list of P/SP CSI-RS for L1-RSRP/SINR measurement, RRM, RLM, for UE to not expect to receive and/or process during non-active period of cell DTX. 
Proposal 3: Whether UE supports not receiving and/or processing P/SP CSI-RS during non-active period of cell DTX is reported as UE capability.
Proposal 4: When UE performs new PDSCH/PUSCH transmission during non-active period of Cell DTX/DRX, retransmission is allowed and UE CDRX retransmission timer based mechanism  is baseline, i.e., UE is expected to monitor PDCCH when retransmission timer is running after HARQ RTT timer expires. 
Proposal 5: UE is expected to monitor PDCCH during non-active period of cell DTX when contention resolution timer is running. 
Proposal 6: HARQ feedback for SPS PDSCH is no longer needed for occasions within the non-active period of cell DTX. HARQ feedback corresponding to the SPS occasion in active period is not affected by the cell DRX non-active period.
Proposal 7: HARQ feedback for DG PDSCH is still allowed in cell DRX non-active period. 
Proposal 8: Support using MAC CE to confirm reception of L1 signaling for cell DTX/DRX activation/deactivation. 
Proposal 9: Support  group-common L1 signaling or paging indication for cell DTX/DRX activation/deactivation, consider reusing DCI format 2_6 or paging DCI for this purpose. 
[bookmark: _GoBack] Reference
[1] R2-2304568, LS on Cell DTX/DRX activation/deactivation, Huawei, RAN2 #121b-e, Apr. 2023.
image1.png
CSIRS
UE DRX cycle

I UE DRX ON duration Icsms





image2.png
periodicity.

]
|

Cell DTX cycle.

Posorconamen [esse [onrsmmmmentes




