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1	Introduction
In the last RAN2 meeting, the following is agreed for Cell DTX/DRX mechanism:
	RAN2 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.  


In this contribution, the procedure and signalling aspect is further discussed. Also the UE behaviour in non-active period of Cell DTX/DRX of the Cell DTX/DRX and its interaction with UE DRX are further discussed.
2	Discussion
2.1	Procedure aspects
As in the TR, the general understanding of the solution is that the configuration for the Cell DTX/DRX are provided by the RRC signalling and when to initiate the use of the configuration can be indicated by dynamic L1/L2 signalling and this is as described below in the TR [1]:
The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signalling. Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.
The configuration for the Cell DTX/DRX contains RRC parameters that define the Cell DTX/DRX pattern. Like UE C-DRX pattern, the baseline is that “on-duration” of the Cell DTX/DRX pattern is periodic.  On the other hand, unlike UE C-DRX which is configured based on the UE QoS requirement (with some offset to spread the scheduling load) and UE specific power saving in mind, whether/when to turn on the Cell DTX/DRX periodic pattern also depends on the load of the cell. Since Cell DTX/DRX periodic pattern configuration is only used during RRC Connected, it should be clear that the configuration is provided to the UE via dedicated RRC signalling.

Proposal#1: Cell DTX/DRX pattern configuration for Cell DRX/DTX is sent via dedicated RRC signalling (i.e. RRCReconfiguration message)

As on how to activate the Cell DTX/DRX pattern configuration, one way is to activate it once the configuration is received via dedicated RRC signalling as in Proposal#1.  Our understanding is that the periodic pattern configured by RRC should only be started when the network needs to perform network energy saving mode (e.g. due to low load) so that network has more chance of energy saving and at some point, the network may need to turn off the network energy saving mode by stopping the application of the periodic pattern configured by the RRC. However, this may not be an efficient way of activating Cell DTX/DRX pattern. As such configuration is not just for a UE but most likely to all or a group of UEs in a cell, using dedicated RRC to signal the activation will delay the network from applying Cell DTX/DRX as it needs to signal the information to each UEs of concern before any NES gain can be achieved. Using broadcast RRC signalling to activate the Cell DTX/DRX pattern configuration may not reduce the delay and overhead. For example, if paging is used for activation, the network will have to page in the POs of UEs of concern. 

Observation#1: The periodic pattern configured by RRC should only be started when the network needs to perform network energy saving mode (e.g. due to low load) so that network has more chance of energy saving and at some point, the network may need to turn off the network energy saving mode by stopping the application of the periodic pattern configured by the RRC.

Observation#2: As such configuration is not just for a UE but most likely to all or a group of UEs in a cell, using dedicated RRC to signal the activation will delay the network from applying Cell DTX/DRX as it needs to signal the information to each UEs of concern before any NES gain can be achieved.

Observation#3: Using broadcast RRC signalling to activate the Cell DTX/DRX pattern configuration may not reduce the delay and overhead. For example, if paging is used for activation, the network will have to page in the POs of UEs of concern. 

Hence having a cell specific common L1/L2 indication to start and stop applying the Cell DRX/DRX seems to be beneficial.  Between common L1 and L2 indication, we have a preference to provide the activation information in a common L1 indication (via DCI with a UE group or common RNTI) as there is no need to define a new common MAC PDU (similar to RAR PDU).

Proposal#2: Cell specific common L1 indication is assumed to be supported for the indication of the Cell DTX/DRX.

Proposal#2-1: Inform RAN1that Proposals 1 and/or 2 are recommended from RAN2 point of view.

The procedure overview of the Cell DTX/DRX is shown below in Figure 1 for UE in RRC Connected mode:


Figure 1: High level view of the Cell DTX/DRX

Consider that UE enters connected mode indicating it supports Cell DTX/DRX
Step 1: gNB configures the UE with Cell DTX/DRX pattern configurations in advance. 

Step 2: When the load is low and the Cell DTX/DRX configuration can meet the QoS of the UEs or group of UEs in the cell, the gNB triggers the UE(s) to start applying Cell DTX/DRX configurations (i.e. the Cell DTX.DRX pattern) using the dynamic common L1 indication. 

Step 3: When the load is normal and/or the Cell DTX/DRX configuration is no longer acceptable to the QoS of the UEs or group of UEs in the cell, the gNB indicates to the UE to stop applying Cell DRX/DRX pattern configurations using the dynamic common L1 indication. 
2.2	Signalling aspects
In the email discussion [2], majority of the companies are fine with having explicit Cell DTX/DRX configuration, instead of using the alignment of the UE C-DRX configuration. Also, companies think the signalling parameters needed for the Cell DTX/DRX pattern should follow the agreement during the SI phase [1]:

At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration.

Proposal#3: Confirm that the parameters for Cell DTX/DRX configuration is to be explicitly signalled and should follow the agreement during the SI phase, i.e. periodicity, start slot/offset, on duration
 
The main question left is whether there is a need of extending the Cell DTX/DRX which has a FFS from last meeting:
FFS whether we have DTX UE specific inactivity timer.  

As responded in the email discussion [2], similar to UE DRX’s inactivity timer, there may be some new user data to be transmitted/received for a UE at the end of active period of Cell DTX/DRX. If UE DRX is configured,UE can follow the currently specified behaviour of UE DRX inactivity timer (depends on the discussion in Section 2.4 whether UE follows the UE C-DRX active time).  However, UE DRX may not be configured to the UE and if it is agreed that UE does not receive PDCCH when UE is in Cell DTX, there is also a need to be able to extend the active period of the Cell DTX for the UE. 
If a similar inactivity timer to the UE DRX is introduced for cell DTX/DRX, it can follow the same behaviour as in UE DRX (i.e. the inactivity timer is restarted every time UE receives PDCCH for new transmission).  The timer can be configurable by the network via the Cell DTX/DRX configuration for each UE (i.e. it can be UE specific value). Whether the UE specific inactivity timer can be applied by a UE in the cell is indicated in the common L1 signalling. 
Proposal#4: To support scenario where UE-DRX is not configured, a UE specific Cell DTX Inactivity timer is introduced for Cell DTX as part of the Cell DTX configuration. The timer is restarted every time UE receives PDCCH and UE cell DTX/DRX active time is extended until the timer expires.
2.3	Cell DTX/DRX interactions with UE C-DRX
As both UE DRX and Cell DRX/DTX dictates on whether or when UE receives and/or transmits, there is a need to coordinate the UE behaviour between UE DRX and Cell DRX/DTX when both are configured.  One assumption is to assume the network will align the on-duration of the UE’s C-DRX among the UEs such that they are all within the Cell DTX’s active period (i.e. Assumption#1: Alignment on-duration of UE’s C-DRX among UEs to ensure that they are within the Cell DTX on-duration). 
When the active time of the UE’s C-DRX falls within the Cell DTX active period, the UE’s C-DRX behaviour can be reused and achieve UE power saving.  
Alternative assumption is Assumption#2: Cell DRX/DTX operation overrides the UE DRX operation if Cell DRX/DTX is configured and activated. This means that simultaneous activation of both is not supported.  This may not sound reasonable since the QoS of the UE and power saving requirement may not be the same for all UEs or aligned with cell power saving requirements, and thus cell and UE does not need to have the same on-duration and periodicity. We think that Assumption#1 is more logical as it continues to allow UE power saving even during active period of Cell DTX/DRX 
Proposal#5: UE can be configured with both cell DTX/DRX and UE DRX parameters simultaneously.  RAN2 to assume that network will align on-duration of UE’s C-DRX among UEs to ensure that they are within the active period of Cell DTX.
However, even with this assumption that network implementation may align the on-duration of the UEs’ DRX, the active time of UE may still spill over to the non-active period of Cell DTX (e.g. HARQ retransmissions), or DRX inactivity timer is extended into the non-active period. Hence some clarifications are needed when such cases occur and whether UE should continue to follow UE DRX or Cell DTX/DRX.  In addition, there are also some DL reception occasions that may be outside of Cell DTX (i.e. SPS and CSI-RS). Also, for the UL, UE DRX does not generally restrict UL transmission occasions (e.g. SR, SPS) and it has to be defined whether these occasions need to be ignored for non-active period of Cell DRX. In this next section, further restrictions/relaxation on the DL reception and UL transmission occasions in the non-active period of Cell DTX/DRX are discussed.
2.4	Further DL reception and UL transmission restrictions during non-active period of Cell DTX/DRX
2.4.1 Specific data transmission/reception occasions and reference signals
In the last RAN2 meeting, RAN2 agreed that SSB, SI, paging and RACH are not affected by Cell DTX/DRX to avoid affecting the idle mode/RRC Inactive UEs. 
· 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.
Other UE specific data transmission occasions (SPS, CG, SR) are discussed but no agreement was made. All of these have the following options during the non-active period of Cell DTX/DRX:
Option A: Drop the occasions
Option B: Continue with the occasions
Option C: Whether to drop or continue with the occasions is configurable by the network
In our view, SPS, CG and SR may all affects the QoS of the UE DRBs and this should be left to the network to decide/configure/indicate whether UE should still transmit data on CG and send SR or receive data on SPS. If network does want to avoid the UE from using these occasions, it can anyway reconfigure these SPS reception occasions and CG and SR transmission occasions such that the occasions in non-active period are avoided.
There are concerns from companies that by configuring whether to allow reception on SPS occasions and transmission on CG and SR occasions may make the signalling complicated, as network will have to configure in each Cell DTX/DRX configuration to a UE whether to continue to receive/transmit on SPS/CG/SR occasions. In our view, this can be just indicated as one common bit in the DCI of the common L1 signalling. 
Proposal#6: RAN2 to agree that UE can be configured on whether it is allowed to receive on SPS occasions and transmit on CG and SR occasions during non-Active period of Cell DTX/DRX in the Cell DTX/DRX configuration via dedicated RRC signalling.
In the last meeting, retransmissions and new transmissions were not discussed.  In the following, we discussed these 2 aspects.
2.4.2 New transmissions
In general, regardless of whether UE DRX is configured or not, UE is not expected to monitor PDCCH for DL assignment/UL grant for new transmission or to receive dynamic PDSCH during non-active period of Cell DTX. Likewise, UE does not expect to transmit dynamic PUSCH for new transmission during non-active period of Cell DRX.
Proposal#7: RAN2 to agree that UE is not required to monitor PDCCH for new transmission or to receive dynamic PDSCH during non-active period of Cell DTX or to transmit dynamic PUSCH for new transmission during non-active period of Cell DRX, even if UE is in active time of UE DRX.
If the above proposal is not agreeable and if new transmission is to be considered in non-active period of Cell DTX, the UE in the cell can be configured with UE specific Cell DTX inactivity timer as in Section 2.2 and if the Cell DTX inactivity timer is running, the UE will continue to monitor PDCCH for DL assignment/UL grant for new transmission. It can follow the same behaviour as in UE DRX (i.e. the inactivity timer is restarted every time UE receives PDCCH for new transmission).
Observation#4: If new transmission is to be considered in non-active period of Cell DTX, the UE in the cell can be configured with UE specific Cell DTX inactivity timer and the UE will continue to monitor PDCCH for DL assignment/UL grant for new transmission as long as the UE specific Cell DTX inactivity timer is running.
Proposal#8: If UE specific Cell DTX inactivity timer is agreed, the UE can extend its active period of Cell DTX based on the same mechanism as UE-DRX (i.e. Cell DTX inactivity timer is restarted when PDCCH for new transmission is received).
2.4.3 HARQ retransmission and DRX timers
After sending the DL HARQ feedback/PUSCH transmission for a HARQ process, the UE may expect DL assignment/UL HARQ retransmission grant for the DL/UL HARQ process.  However, if the cell is in non-active period of the Cell DTX during the retransmissions, the UE behaviour needs to be defined.  There are 3 approaches to this:
Option 1: Retransmissions for the HARQ processes are not scheduled during the non-Active period of the Cell DTX and will be scheduled during the subsequent Active period(s). 
Option 2: Retransmissions for the HARQ processes are continued during the non-Active period of the Cell DTX
Option 3: Network configures/indicates the UE to either use Option 1 or 2.
Option 1 provides the best NES gain while Option 2 takes into consideration of the QoS of the UE as some of the service may need a certain level of reliability (e.g. voice call).  In particularly, if UEs in the cell is configured to support SPS and CG occasions during the non-active period of Cell DTX/DRX, then there is also a need to ensure the retransmissions of those data transmission over CG and SPS occasions.  Hence if RAN2 agree that SPS and CG occasions continued or dropped are configurable during the non-active period of Cell DTX/DRX, retransmissions should also need to be configurable (i.e. Option 3). Again, whether to consider the retransmissions during the non-active period of Cell DTX can be indicated as one common bit in the DCI of the common L1 signalling
Proposal#9: UE can be configured on whether it is allowed to perform UL/DL retransmissions during the non-active period of Cell DTX/DRX in the Cell DTX/DRX configuration via dedicated RRC signalling, similar to SPS, CG and SR occasions.
To handle Option 1, there is a need to handle the case of DL HARQ feedback. The following shows the cases where the Cell DTX and Cell DRX Active duration is aligned:


In both cases, the gNB needs to take into account of the non-Active period to allocate the UL resource to carry HARQ ACK feedback corresponding to the PDSCH (e.g. the PDSCH-to-HARQ-ACK timing, k1 value, PUCCH or PUSCH resource to carry HARQ-ACK feedback etc.).  In Case 2, depending on how long the non-Active period can be, the value for PDSCH-to-HARQ-ACK timing needs to be extended to accommodate the largest non-Active duration.  
In the case the Cell DTX and Cell DRX are not aligned, the allocation of PDSCH-to-HARQ-ACK timing value and/or PUCCH/PUSCH resource to carry HARQ-ACK will have to consider both the non-active and active period of the Cell DRX. For example, HARQ-ACK can only be sent during active period of cell DRX, which may or may not align with active duration of cell DTX. In another example, if the indicated HARQ-ACK resource falls within the Cell DTX/DRX non-active duration, UE may skip transmission of the HARQ-ACK in that resource. gNB may schedule another resource for HARQ-ACK transmission in subsequent active duration or UE may append HARQ-ACK information with a PUSCH transmission made during subsequent active duration. 
Observation#5: For Option 1 (where retransmission is not scheduled during non-Active period of Cell DTX), L1 needs to be able handle the k1 to allow for HARQ feedback (e.g. to indicate a k1 value for sending the HARQ feedback in subsequent active period of Cell DRX)
Proposal#10: If RAN2 agreed to Option 1 (where retransmission is not scheduled during non-Active period of Cell DTX), inform RAN1 to handle the L1 impact.
3.	Conclusion
It is requested that RAN2 agree to the proposals and observations below:
Proposal#1: Cell DTX/DRX pattern configuration for Cell DRX/DTX is sent via dedicated RRC signalling (i.e. RRCReconfiguration message).

Observation#1: The periodic pattern configured by RRC should only be started when the network needs to perform network energy saving mode (e.g. due to low load) so that network has more chance of energy saving and at some point, the network may need to turn off the network energy saving mode by stopping the application of the periodic pattern configured by the RRC.

Observation#2: As such configuration is not just for a UE but most likely to all or a group of UEs in a cell, using dedicated RRC to signal the activation will delay the network from applying Cell DTX/DRX as it needs to signal the information to each UEs of concern before any NES gain can be achieved.

Observation#3: Using broadcast RRC signalling to activate the Cell DTX/DRX pattern configuration may not reduce the delay and overhead. For example, if paging is used for activation, the network will have to page in the POs of UEs of concern. 

Proposal#2: Cell specific common L1 indication is assumed to be supported for the indication of the Cell DTX/DRX.

Proposal#2-1: Inform RAN1that Proposals 1 and/or 2 are recommended from RAN2 point of view.

Proposal#3: Confirm that the parameters for Cell DTX/DRX configuration is to be explicitly signalled and should follow the agreement during the SI phase, i.e. periodicity, start slot/offset, on duration

Proposal#4: To support scenario where UE-DRX is not configured, a UE specific Cell DTX Inactivity timer is introduced for Cell DTX as part of the Cell DTX configuration. The timer is restarted every time UE receives PDCCH and UE cell DTX/DRX active time is extended until the timer expires

Proposal#5: UE can be configured with both cell DTX/DRX and UE DRX parameters simultaneously.  RAN2 to assume that network will align on-duration of UE’s C-DRX among UEs to ensure that they are within the active period of Cell DTX.

Proposal#6: RAN2 to agree that UE can be configured on whether it is allowed to receive on SPS occasions and transmit on CG and SR occasions during non-Active period of Cell DTX/DRX in the Cell DTX/DRX configuration via dedicated RRC signalling.

Proposal#7: RAN2 to agree that UE is not required to monitor PDCCH for new transmission or to receive dynamic PDSCH during non-active period of Cell DTX or to transmit dynamic PUSCH for new transmission during non-active period of Cell DRX, even if UE is in active time of UE DRX.

Observation#4: If new transmission is to be considered in non-active period of Cell DTX, the UE in the cell can be configured with UE specific Cell DTX inactivity timer and the UE will continue to monitor PDCCH for DL assignment/UL grant for new transmission as long as the UE specific Cell DTX inactivity timer is running.

Proposal#8: If UE specific Cell DTX inactivity timer is agreed, the UE can extend its active period of Cell DTX based on the same mechanism as UE-DRX (i.e. Cell DTX inactivity timer is restarted when PDCCH for new transmission is received).

Proposal#9: UE can be configured on whether it is allowed to perform UL/DL retransmissions during the non-active period of Cell DTX/DRX in the Cell DTX/DRX configuration via dedicated RRC signalling, similar to SPS, CG and SR occasions.

Observation#5: For Option 1 (where retransmission is not scheduled during non-Active period of Cell DTX), L1 needs to be able handle the k1 to allow for HARQ feedback (e.g. to indicate a k1 value for sending the HARQ feedback in subsequent active period of Cell DRX)

Proposal#10: If RAN2 agreed to Option 1 (where retransmission is not scheduled during non-Active period of Cell DTX), inform RAN1 to handle the L1 impact.
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