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Introduction
During the previous RAN2 #121 meeting [1] and consequent post offline discussions [2] [3], RAN2 discussed about gNB and UE behaviours related with NES cell DTX/DRX, along with configuration and activation/ deactivation signalling. Also RAN2 discussed the alignment of cell DTX/DRX and UE DRX. 

In RAN2#121, the following was agreed:
Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
1. 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.
1. 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.
1. 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.  

Further, RAN1 agreed to the following in RAN1#112 [1]:
	Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded

Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded


In this contribution, we discuss the overall behaviour of gNB and UE regarding cell DTX/DRX< and remained issues.

Discussion
gNB and UE behaviours of Cell DTX/DRX
In this section, we discuss the expected gNB and UE behaviours, especially during Cell DRX and Cell DTX non-active periods.
During the post meeting e-mail discussion [2], there have been discussions regarding the gNB and UE behaviours, and rapporteur’s summarized proposals are as follows:
	Proposal 1: As baseline, UE drops monitoring SPS occasions during Cell DTX non-active period. gNB is assumed to be not transmitting PDSCH on such SPS occasions during the Cell DTX non-active period. (21/25)
FFS: whether it is possible to configure an exception to this (e.g. per SPS or cell DTX configuration) such that the UE monitors SPS occasions during Cell DTX non-active period to support low latency traffic. (14/25)
Proposal 2: As baseline, UE does not transmit on CG occasions overlapping with Cell DRX non-active periods. (21/25) FFS: whether it is possible to configure an exception to this (e.g. per CG or Cell DRX configuration) such that the UE can transmit on CG occasions overlapping with Cell DRX non-active periods to support low latency traffic. (13/25)
Proposal 3: 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 (18/25). FFS: whether it is possible to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to support low latency traffic. (11/25)
Proposal 4: 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. (22/25)
Proposal 5a: 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. (21/25)
Proposal 5b: 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 (22/25)
Proposal 6a: RAN2 to discuss the following options for UE behaviour for PDCCH monitoring for dynamic retransmissions during cell DTX non-active period:
1) UE doesn’t monitor PDCCH for dynamic grants/assignments for dynamic retransmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. (14/24)
2) UE monitor PDCCH for dynamic grants/assignments for retransmissions during the UE’s C-DRX Active time per legacy behaviour, even during the Cell DTX non-active period. (7/24)
3) Option 1 for retransmission of dynamically scheduled TBs, FFS for retransmission of CG or SPS (2/24)
Proposal 6b: RAN2 to discuss the following options for the understanding for the gNB scheduling behaviour for dynamic retransmissions during Cell DTX non-active period:
1) gNB does not schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, even if the UE is in C-DRX Active Time (14/24)
2) gNB can schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, but not outside of the UE’s C-DRX Active time. (7/24)
3) Option 1 for retransmission of dynamic scheduling, FFS for retransmission of CG or SPS (2/23)
The following proposals are made such that they would be treated only if needed, depending on the outcome selected in Proposals 5 and 6: 
Proposal 7: UE can transmit on PUSCH dynamic grants during Cell DRX non-active periods if scheduling was received by the UE. (12/23)
Proposal 8: UE can receive dynamic PDSCH assignments during Cell DTX non-active periods if scheduling was received by the UE. (11/23)
Proposal 9: It is up to gNB implementation how to avoid the scheduling dynamic assignments with PUSCH/PDSCH occasions occurring during Cell DRX/DTX non-active periods. gNB can postpone the transmission of scheduling PDCCH and PUSCH/PDSCH occasions to a later active period for example. (19/23)



In general, majority of companies prefer that as a baseline, gNB and UE in Cell DTX non-active period would not schedule and utilize DL and UL channels.
Observation 1: As a baseline, Rel-18 UE does not monitor DL channels during Cell DTX non-active period. 
Observation 2: As a baseline, Rel-18 UE does not transmit on UL channels during Cell DTX non-active period.

However, there are some remained questions regarding dynamic retransmissions during cell DTX non-active period.  Since the majority view on ‘new transmission’ was not to monitor PDCCH, so here we also support the same simple solution for retransmissions. Mainly because UE cannot know whether it is a retransmission or not. If we allow such exceptions, it would affect not only the gNB power saving, but also reduce the UE power saving. 
Proposal 1. UE doesn’t monitor PDCCH for dynamic grants/assignments for dynamic retransmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. 


DTX/DRX - Configuration/ activation/ deactivation and alignment
In this section, we discuss the expected cell DTX/DRX configuration, activation/deactivation, and alignment among Cell DTX/DRX and UE DRX.
During the post meeting e-mail discussion [3], there have been discussions regarding these issues and rapporteur’s summarized proposals are as follows:
	Proposal 1: A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. (25/28)
Proposal 2: A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. (27/28)
Proposal 3: The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. (25/28)
Proposal 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. FFS a new IE explicitly stating activation/deactivation (22/26)
Proposal 5: Cell level common L1 signalling for Cell DTX/DRX activation/deactivation is beneficial from RAN2 perspective, send an LS to RAN1 with our preference and ask about feasibility and design details. (17/28)
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. 


The Cell DTX/DRX configuration from gNB to UE would contain at least periodicity, start slot/offset, and on duration of the Cell DTX pattern. And it would be configured by UE specific RRC signalling. And also, companies prefer to have a cell level common L1 signalling which activates/ or deactivates the cell DTX/ DRX. 

Activation/ Deactivation of Cell DTX/DRX
Now we have RRC configuration which automatically activates cell DTX/DRX, and a cell common L1 signal for activation/ deactivation of cell DTX/DRX across UEs within the cell. 
However, with only the above two signals, there could be cell DTX/DRX status miss-match problem for 
A) UEs which have failed to decode the L1 signals, and/or 
B) UEs which are newly attached to the cell. 
Below Figure 1. And Figure 2. show such problem w.r.t an L1 signal failure and a newly added UE connected to the cell in-between aforementioned cell common L1 signals. 

[image: ]
Figure 1. Miss-matches of cell DTX/DRX due to L1 signal failure
[image: ]
Figure 2. Miss-matches of cell DTX/DRX for newly added UE2

Observation 3: With just common L1 (de)activation signal, there could be cell DTX/DRX status miss-match problem, especially for newly added UEs.

[bookmark: _GoBack]In order to solve such problem, we have the below choice of solutions:
1. gNB retransmits cell common L1 signal again for the newly added UE
A. This solution forces all the UEs with the cell to receive redundant L1 signals,  so obviously not for the power saving. Hence, we also do not support this solution. 

2. gNB does not include cell DTX/DRX configuration in the RRC, if cell DTX/DRX is currently inactivated. 
A. This solution could solve the problem B (Figure 2) but cannot solve the problem A. 
B. Even with this solution, eventually the gNB should transmit RRC having cell DTX/DRX configuration afterwards in order to activate the cell DTX/DRX. This means that RRC signal is used for activation/deactivation of cell DTX/DRX. So we do not prefer this solution. 

3. Introduce a UE specific L1/L2 signal for activation/ deactivation of cell DTX/DRX. 
A. For such UE, gNB could just transmit additional UE specific L1 or L2 signal and problem is gone. 

Therefore, we propose to introduce additional UE specific L1/L2 signal for cell DTX/DRX activation/ deactivation, which could be the most reasonable and solid solution. 
Proposal 2. Introduce UE specific L1 or L2 signal for Cell DTX/DRX activation/deactivation. 
FFS L1 or L2 signalling. 

Regarding L1 based signals, whether it is common or UE specific, L1 signal has limited bit sizes and higher risk of decoding failure so we prefer L2 based UE specific activation/deactivation signal. 

Alignment of UE DRX and Cell DTX/DRX
With the offline discussion now the aligned UE C-DRX configuration with Cell DTX means that the on-duration of C-DRX falls within Cell DTX on-duration. And 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 such cases, in order to save UE power consumption, it is obvious that any UE should be able to utilize C-DRX inactive time even if the cell is operating on DTX on-duration. Note that this is matched with the exact legacy UE C-DRX behaviour, except for the on-duration of C-DRX falls within Cell DTX on-duration. 

Proposal 3: A UE operating C-DRX can have an inactive duration within Cell DTX on-duration. 


Conclusion
RAN2 is requested to discuss and agree to the following proposals:
Observation 1: As a baseline, Rel-18 UE does not monitor DL channels during Cell DTX non-active period. 
Observation 2: As a baseline, Rel-18 UE does not transmit on UL channels during Cell DTX non-active period.
Proposal 1. UE doesn’t monitor PDCCH for dynamic grants/assignments for dynamic retransmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. 

Observation 3: With just common L1 (de)activation signal, there could be cell DTX/DRX status miss-match problem, especially for newly added UEs.
Proposal 2. UE specific L1 or L2 signal for Cell DTX/DRX activation/deactivation is required. 
FFS L1 or L2 signalling. 

Proposal 3: A UE operating C-DRX can have an inactive duration within Cell DTX on-duration. 
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