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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]There was extensive discussion last RAN2 on the support of cell DTX/DRX operation. The following agreement was reached during such discussion: 
Agreements 
· There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
· 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.
· 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.  
· 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.

During the RAN2 #121bis meeting, gNB and UE behaviour were discussed [1], and it was agreed that:
	1. 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
2. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
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 
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 
4. (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.  
5. 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).  
6. FFS how to deal with retransmissions



During the RAN2 #122 and RAN2#123 meetings, no agreement was made regarding UE UL behaviour during Cell DRX inactive period. This paper discusses the potential uplink transmission restrictions to support cell DRX/DTX operation following the agreements made last meetings.
Discussion
Dynamic Grant based UL transmission
In NR current re-transmission handling for PDSCH, when a new dynamic DL transmission is received by the UE, it should start the drx-HARQ-RTT-TimerDL in the immediate first symbol after transmitting NACK in the UL. Once drx-HARQ-RTT-TimerDL timer is expired, the UE starts drx-RetransmissionTimerDL timer in the next symbol and becomes active for this duration of this timer. As soon as UE detects a DL transmission for the corresponding HARQ process, it should stop the timer drx-RetransmissionTimerDL.
However, in the context of Cell DRX operation for NES, when there is any overlapping between started drx-HARQ-RTT-TimerUL/drx-RetransmissionTimerUL and the inactive period of Cell DRX cycle, the expected UL grant for PUSCH retransmission from the network to the UE may be delayed until the cell goes to the Cell DRX active period. In this case, the UE should adjust its PDCCH monitoring accordingly for the purpose of its power saving. 
It should be noted that it does not make sense for the UE to start the drx-RetransmissionTimerUL timer if the cell prepares to go to the inactive period of the cell DRX cycle. A potential way for the UE to adopt can be to delay the start the of this timer until the cell goes to the Cell DRX active period. This may be implemented by extend the already started drx-HARQ-RTT-TimerUL timer until the cell goes to the Cell DRX active period.    
Proposal 1: Discuss the possible handling by the UE for the stop drx-HARQ-RTT-TimerUL timer and the start for drx-RetransmissionTimerUL timer for UL dynamic scheduling.  

Principle for Configured Grant based UL transmission
The following options for UE transmitting on CG occasions during cell DRX inactive period was discussed during the RAN2 #121-bis meeting following the corresponding proposal in reference document [1]:
· UE to autonomously deactivate UL CGs during cell DRX non-active periods
· UE keeps the CG active, but the UE does not transmit on CG occasions overlapping with cell DRX non-active periods
· Allow the UE to transmit on CG occasions overlapping with cell DRX non-active periods
· UE is configured with one of the above options per CG, per MAC entity, or per cell DRX configuration
At first, allowing the UE to transmit on CG occasions overlapping with cell DRX non-active periods would cause the cell not really go to cell DRX/DTX, since the NES capable UE(s) may periodically send the UL via CG occasions and the network needs to provide corresponding DL acknowledgement for such transmission. Hence in this case the performance of network energy saving for the cell would degrade. This option should be excluded at this first step. With this said, making the UL CG based transmission configurable is not preferred, since this added flexibility is achieved by the sacrifice of network energy saving for the cell.
Secondly, we do not think there is a big difference for the UE to autonomously deactivate UL CGs or keeps the UL CGs active but does not transmit on UL CG occasions, since both options restrict the UE’s UL transmission on the UL CG occasions, and this autonomous deactivation and activation on UL CG seems to be UE implementation.  
Proposal 2: The configuration to allow UE to perform UL CG based transmission during Cell DRX inactive period is not supported.
Configured Grant based UL transmission
The CG based transmission includes both initial transmission and retransmission. It is questionable on how to support the ongoing CG based initial transmission and retransmission if the some of the CG occasions overlap with non-active periods of cell DRX cycle as shown in Figure-1 below.
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Figure-1: Overlapping Example between Configured Grant and cell DRX
As shown within Figure-1, CG TO-1 and CG TO-4 are not overlapped with the cell DRX inactive period, but CG TO-2 and CG TO-3 are overlapped with the cell DRX inactive period. 
From initial transmission perspective, it would be beneficial to limit the UE’s UL CG based initial transmission in order to achieve the maximum energy saving gain for the cell. For example, in Figure-1, the CG TO-1 based initial transmission is the transmission right before the Cell DRX inactive period, in other words, it is the last CG TO before the following Cell DRX inactive period. If the initial UL transmission at CG TO-1 is acknowledged, UE can automatically skips CG TO-2 and CG TO-3 before any new UL initial transmission. Alternatively, network can indicate to the UE for such skipping via piggybacked indication in the acknowledgement to the UE for its transmission at CG TO-1. However, if the CG TO is partially overlapped with the cell DRX inactive period (i.e., part of the CG TO falls into cell DRX active period), the initial transmission based on such CG TO may be allowed by the UE.
Proposal 3: Initial transmission based on CG TO should be skipped by the UE if the UL CG TO overlaps with the cell DRX inactive period

If the initial transmission at CG TO-1 is initiated and the network cannot decode its reception for such transmission, the network may schedule a dynamic grant but this dynamic grant may not fall into the cell DRX inactive period. This means UE needs to monitor the PDCCH to get the dynamic grant for the HARQ retransmission (if the cell is in the active period of the Cell DTX cycle).  
Proposal 4: Retransmission should be scheduled by the network to skip the cell DRX inactive period when CG based initial transmission is not decodable. 

Handling of CGRT and CGT
In NR-U, the CG is configured with CGRT (i.e., cgRetransmissionTimer) and CGT (i.e., configuredGrantTimer). The CGRT is coupled with autonomous retransmission supported by the UE. The NR-U CG operates with contrasting feedback behaviour unlike in NR. If the UE has not received CG-DFI before CGRT expires, the UE assumes Negative ACK (NACK) and can retransmit autonomously in the next TO on the CG. There is also another timer configuredGrantTimer (CGT), which limits the maximum number of autonomous retransmission attempts. As shown in Figure-2, as a maximum, three (CG TO based) autonomous retransmission is configured.   
In Figure-2, CG TO-1 and CG TO-4 are not overlapped with the cell DRX inactive period, but CG TO-2 and CG TO-3 are overlapped with the cell DRX inactive period. As can be seen, the end of the first CGRT falls into the cell DRX inactive period. However the whole configured CGT cross over the whole cell DRX inactive period.   
If the initial transmission at CG TO-1 is initiated, and if the CG Retransmission Timer (CGRT) and Configured Grant Timer (CGT) is configured, following the legacy handling, the CG TO-2 and CG TO-3 based UL transmission will be triggered if the UE has not received CG-DFI during these periods, which means the UE’s UL CG transmission span over the whole cell DRX inactive period, which cause negative effect to cell’s DTX/DRX operation, and further make the energy saving gain for the cell less attractive.  
One possible handling could be to suspend UE’s CG Retransmission Timer (CGRT) and to effectively delay the UE’s autonomous CG retransmission in this case. As a corresponding handling, the Configured Grant Timer (CGT) can be stopped or suspended during cell DRX inactive period, and then new data is not supposed to transmit on the latest CG TO following the end of the cell DRX inactive period (i.e., TO-4 is not used for new data transmission).  
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Figure-2: Overlapping Example of CGRT/CGT and cell DRX
Proposal 5: Discuss the potential handling on CGRT and CGT during the cell DRX inactive period (e.g. suspension of the CGRT and CGT). 

SR and BSR 
The configuration of SR resource is relatively static. But the operation of cell DRX/DTX can be very dynamic. Then it is possible that the configured SR resources fall into the cell DRX inactive period. In this case, allowing the UE to send SR request is not helpful for energy saving, since the network wants to go to cell DRX. On the other hand, if the network receives the SR and responds to the UE with a dynamic grant, the network needs to prepare data reception from the UE, which cause the network to stay away from cell DRX operation. For this reason, it is proposed that the SR from the NES capable UE is not allowed, even though there is SR configuration available during cell DRX inactive period for the UE. Correspondingly, the BSR can be also delayed to report until the cell transits from cell DRX inactive period to cell DRX active period.  
Hence, it was agreed last meeting that “as baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods”.
Proposal 6: By default, SR will be deactivated during DRX inactive mode.
However, maintaining maximum QoS for UE may be more important than achieving maximum NES, as is being discussed in RAN1. Hence, some high priority service should still be able to use scheduled SR, even during Cell DRX active mode.
In our view, in the context of NES, the gNB would not decide to save energy with a majority of high QoS UEs. Therefore, this scenario should be on a case-by-case basis and not be the norm, i.e. it should be configured per UE with dedicated signalling.
Proposal 7: gNB may use dedicated signalling to provide an active SR configuration during cell DRX inactive mode.
In the presence of a few high QoS UEs where the gNB would keep SR opportunities, the gNB could also decide to maintain higher QoS for other UEs, since it will have to wake up during DRX inactive mode anyway.
In legacy mode, SR scheduling is spread in time to spread the load and avoid congestion. However, in the context of Cell DRX, the cell would rather have as much UL load in one go to avoid as many costly wake-up periods as possible.
Hence, it would be beneficial to have a different SR scheduling between various NES modes. Especially, SR scheduling should be synchronised between UEs to be concentrated in fewer time slots, as opposed to legacy where the load is typically spread.
Proposal 8: RAN2 to discuss different SR configurations for different NES modes.

The UE triggers SR to get the dynamic grant (to send BSR report) from the network when the cell enters cell DRX active period from cell DRX inactive period, if the SR resource is configured ahead of any available Configured Grant resources. Otherwise, the SR transmission may be omitted if there is CG resource for UL data transmission.  
The UE can use the dynamic grant to send the BSR report if the dynamic grant is ahead of available Configured Grant resources. Otherwise (i.e., the available Configured Grant resources is ahead of the SR resource or the dynamic grant , the UE can send the BSR report via the Configured Grant resources.

Conclusion and Proposal
We have the following proposals:
Proposal 1: Discuss the possible handling by the UE for the stop drx-HARQ-RTT-TimerUL timer and the start for drx-RetransmissionTimerUL timer for UL dynamic scheduling. 
Proposal 2: The configuration to allow UE to perform UL CG based transmission during Cell DRX inactive period is not supported.
Proposal 3: Initial transmission based on CG TO should be skipped by the UE if the UL CG TO overlaps with the cell DRX inactive period
Proposal 4: Retransmission should be scheduled by the network to skip the cell DRX inactive period when CG based initial transmission is not decodable. 
Proposal 5: Discuss the potential handling on CGRT and CGT during the cell DRX inactive period (e.g. suspension of the CGRT and CGT). 
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Proposal 6: By default, SR will be deactivated during DRX inactive mode.
Proposal 7: gNB may use dedicated signalling to provide an active SR configuration during cell DRX inactive mode.
Proposal 8: RAN2 to discuss different SR configurations for different NES modes.
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