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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]Within the approved new WID on network energy saving for NR, one of the objectives is cell DTX/DRX support. 
For this objective, there were two notes as shown below, which largely limits the scope for its specification: 
1. 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.
This paper reviews the agreed objective for cell DTX/DRX and also discusses the solutions to support such mechanism.
Discussion
Confirmation on the scenario for specification
As captured in the TR38.864, during the study, RAN2 identified four example scenarios for the Cell DTX/DRX behaviour:
-	Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.
-	Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)
-	Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
-	Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).
However, according to the notes of the objectives, there should be no change for SSB transmission due to cell DTX/DRX for the cell. And also, the impact to IDLE/INACTIVE UEs due to the Cell DTX/DRX behaviour should be avoided. In our understanding, the example scenario-1 is excluded by the first note. 
The example scenario-2/4 can be excluded by the second note, if it is assumed that there are (legacy) IDLE/INACTIVE UEs camping on the NES cell during its Cell DTX/DRX non-active periods. If the IDLE/INACTIVE UEs can camp on the cell during its DTX/DRX non-active periods, these UEs will expect to receive its paging as usual (i.e. monitoring the PDCCH in a periodic manner) and should be able to respond paging as well (i.e. initiating radio access to the network). In order to make RA to the network, the UE should be able to get the RACH resources via System Information, which means the System Information should be available during the cell’s DTX/DRX non-active periods. We believe the assumption that IDLE/INACTIVE UEs can camp on the NES cell was acknowledged during RAN#98 discussion for the WI creation. 
With the analysis above, we suggest that during WI phase, only example scenario-3 is considered for specification, i.e., gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
Proposal-1: RAN2 confirms that during WI phase, only example scenario-3 is considered for specification, i.e., gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS). 

Cell DTX/DRX configuration and activation
For the purpose of Cell DTX/DRX configuration, we think the best way is to configure it to the UE via RRC message. To take the advantage of the broadcast characteristics of system information, the cell’s DTX/DRX parameter can also be transmitted via SIB1 or a new separate SIB block. With this saying, we suggest both dedicated RRC signalling and system information based approach are considered for Cell DTX/DRX configuration from the network to the UE. This type of RRC message based Cell DTX/DRX configuration is the simplest way comparing the L1/L2 signalling based configuration, which requires quite a lot additional specification efforts. 
Proposal-2: Dedicated RRC signalling and system information based approach are considered for Cell DTX/DRX configuration from the network to the UE.

[bookmark: _Hlk123825963]From Cell DTX/DRX configuration perspective, different active/non-active period combination may cater for different scenarios. The network should be allowed to provide such flexibility in terms of configuring multiple DTX/DRX patterns in static or semi-static manner to the UE within the cell. Meanwhile, at a given time, only one of the configuration can be activated. 
Proposal-3: A list of DTX/DRX patterns can be configured in Cell DTX/DRX configuration by RRC message from the network to the UE.  
 
Although the RRC message is used for Cell DTX/DRX configuration, we do not think RRC message is the best way to activate the DTX/DRX pattern towards the UE. We suggest RAN2 to adopt MAC CE based DTX/DRX pattern activation, which offers good timing performance to the UE. The additional reason is that the UE DRX operation is governed by MAC CE, for example, a specific MAC CE has been specified for (long) DRX Command. With regard to L1 based signalling for such DTX/DRX pattern activation, we think it should be left to RAN1. Comparing with MAC CE based approach, L1 based signalling for such DTX/DRX pattern activation may have the advantage of using the group-common signalling as specified for Rel-17 MBS. 
Proposal-4: RAN2 to adopt MAC CE based DTX/DRX pattern activation following the Cell DTX/DRX configuration by RRC. 
Proposal-5: L1 based DTX/DRX pattern activation and its group signalling support is left to RAN1 discussion.

UE-Network alignment to support Cell DTX/DRX
Uplink alignment
From the uplink perspective, the alignment between UE UL transmission and gNB reception should be considered. It should be noted that the gNB reception behaviour are governed by its cell DRX configuration in the context of NES operation. It would be important that the UE side DTX matches the cell DRX configuration at the gNB side. When the UE receives the activation signalling for cell DRX configuration, the UE side UL transmission can be suppressed in a way to align with cell’s active time period. Following the discussion in section 2.1 on scenario assumption, we suggest that the UE side UL transmission to enable dynamic communication with the cell should be suppressed in order to allow the network to continue its NES mode following the activated cell DRX pattern. For example, a SR to enable the network to provide dynamic scheduling UL resources should be forbidden at the UE side. However, UE side UL transmission based on periodic configuration should be still allowed. For example, CG-PUSCH based UL transmission should be allowed according to its previous configured and activated CG resources. 

Proposal-6: UE side UL transmission to enable any dynamic grant (i.e., by dynamic scheduling) is suppressed during cell’s non-active period governed by Cell DRX configuration. 
Proposal-7: UE side UL transmission based on periodic configuration (i.e., configured grant) is allowed during cell’s non-active period governed by Cell DRX configuration. 

From HARQ operation perspective, we think there is a need to clarify how to handle the ongoing or pending (re)transmission when the cell plans to enter into cell DRX state according to the pattern configured for cell DRX. For the ongoing or pending HARQ (re)transmission, early termination can be supported before the cell is switched to the inactive (cell DRX) mode. In this case, for uplink transmission, the UE can indicate that the ongoing or pending HARQ (re)transmission is terminated in order to follow the configured pattern for cell DRX operation.

Proposal-8: Early termination of the ongoing/pending HARQ (re)transmission can be supported in order to support the cell to enter into cell DRX mode.   

Downlink alignment
From the downlink perspective, the alignment between gNB DL transmission and UE reception should be supported as well. In the context of NES operation, the cell’s DL transmission is governed by cell DTX configuration. Following legacy handling, UE’s reception follows the UE DRX configuration. Ideally, the cell DTX configuration is aligned with the UE DRX configuration, which requires the synchronization of the active time between the network and the UE for downlink transmission. 
Within a cell, if the UE DRX configuration of all of or a large number of the UEs in connected state follows the cell’s DTX configuration, the maximum gain may be achieved by the network, with the sacrifice of the UE performance. Meanwhile, it should be noted that both cell DTX pattern and UE DRX pattern are configured by the network, which means the network is in a position to ensure their aligned configurations.     

Proposal-9: Network implementation to ensure the alignment between cell DTX pattern and UE DRX pattern to support cell’s DTX operation.

For some UEs that support the traffic with sensitive QoS, the network may decide to not align the UE DRX pattern with the cell DTX pattern. In this case, at UE side, the legacy operation should be supported.   

Conclusion and Proposal
We have the following proposals:
Proposal-1: RAN2 confirms that during WI phase, only example scenario-3 is considered for specification, i.e., gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
Proposal-2: Dedicated RRC signalling and system information based approach are considered for Cell DTX/DRX configuration from the network to the UE.
Proposal-3: A list of DTX/DRX patterns can be configured in Cell DTX/DRX configuration by RRC message from the network to the UE.
Proposal-4: RAN2 to adopt MAC CE based DTX/DRX pattern activation following the Cell DTX/DRX configuration by RRC. 
Proposal-5: L1 based DTX/DRX pattern activation and its group signalling support is left to RAN1 discussion.
Proposal-6: UE side UL transmission to enable any dynamic grant (i.e., by dynamic scheduling) is suppressed during cell’s non-active period governed by Cell DRX configuration. 
Proposal-7: UE side UL transmission based on periodic configuration (i.e., configured grant) is allowed during cell’s non-active period governed by Cell DRX configuration.
Proposal-8: Early termination of the ongoing/pending HARQ (re)transmission can be supported in order to support the cell to enter into cell DRX mode.
Proposal-9: Network implementation to ensure the alignment between cell DTX pattern and UE DRX pattern to support cell’s DTX operation.
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