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Introduction
In RAN2#119b-e meeting, the cell DTX/DRX was discussed, with the following agreements [1]:
•	Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX / DRX OFF duration.
•	Example 2: gNB is expected to turn off its transmission / reception only for data traffic during Cell DTX / DRX OFF duration (i.e. gNB will still transmit / receive reference signals).
•	Example 3: gNB is expected to turn off its dynamic transmission / reception during Cell DTX / DRX OFF duration (i.e. gNB is expected to still perform periodic transmission / reception, including SPS, CG-PUSCH, SR, RACH, and SRS).
•	Example 4: gNB is expected to only transmit reference signals (e.g. CSI-RS for measurement).
=>	RAN2 assumes that the options above are possible for gNB DTX/DRX behavior and discuss UE RAN2 behavior/impact during the DTX/DRX. 

=>	For the purpose of our discussion we will focus on a single UE behavior at any point in time.  FFS if we allow multiple configuration of NW DRX/DTX behaviors.

=>	Periodic DTX is assumed as a baseline.  The gNB provides indication to UE about NW DTX mode/configuration via dedicated dynamic L1/L2 signaling. 
=>	Dynamic L1/L2 group signalling from NW to provide NW DTX mode/configuration is also considered in RAN2
=>	It is beneficial to align UE DRX with network DTX and DRX alignment among multiple UEs.  Details are FFS, including UE transmission/reception behavior during DTX.  RAN2 to study the alignment.   
During the post RAN2#119b-e email discussion [2], the TP on cell DTX/DRX was further discussed and agreed in [3], and the following remaining issues on cell selection/reselection were identified:
	List of remaining issues on NW DTX/DRX:
1) Clarification of previous agreement:
Whether L1/L2 signalling can be used to configure the DTX/DRX pattern, or only be used to activate the RRC-configured DTX/DRX pattern:
· Alt-1: Allow both periodic pattern (configured by RRC) and one-shot pattern (configured by L1/L2 signalling)
· Alt-2: Allow periodic pattern, configured by RRC and activated by L1/L2 signalling
2) Configuration and signalling:
2-1: The detailed information to be configured, e.g. DTX/DRX pattern etc.
2-2: The signalling design, including but not limited to:
· Notification procedure and signalling of DTX/DRX pattern?
· How group signalling applies to the configuration or mode notification?
2-3: Multiple configurations
· Joint or separate configuration of DTX and DRX mode/operation
· Whether multiple DTX/DRX configurations/modes (based on the definition of multiple configurations from above) are allowed to be configured via RRC signalling
· Whether the activation of NW DRX can be different with NW DTX
· The potential signalling impacts
2-4: Whether there are valid scenarios to keep CA in Cell DTX/DRX
3) UE behavior:
3-1: Whether legacy UEs can access cells with DTX mode
3-2: For each of the 4 examples in the TR:
· From gNB side, which information needs to be transmitted and potential benefits for energy saving
· From UE side, the behaviour like which information needs to be received, monitoring etc., performance impact compared with normal access
4) Alignment:
4-1: Whether/how to align UE DRX with network DTX, including UE transmission/reception behavior during DTX
4-2: Whether/how to align DRX alignment among multiple UEs


In this paper, we discuss the remaining issues on cell DTX/DRX.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
2.1 Joint or separate operations for DTX and DRX
[bookmark: _Hlk118397199]In our view, the cell DTX and cell DRX are separate operations and it is not reasonable to couple them together. These two operations can be separately configured and activated. The discussion could prioritize cell DTX (assuming that the cell is always receiving), since
1) The energy consumption for cell TX is much more than that for cell RX, as shown below (agreed TP to 38.864 in last RAN1 meeting), so cell DTX is expected to have a higher energy saving gain compared with cell DRX.
Table 5.1-3: Relative power values P for reference configuration Set 1, Set 2 and Set 3
	Power state
	BS Category 1
	BS Category 2

	
	Set 1
	Set 2
	Set 3
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1

	Light sleep
	25
	2.1

	Micro sleep
	55
	50
	38
	5.5
	5
	3

	Active DL
	280
	200
	152
	32
	26
	17.6

	Active UL
	110
	90
	80
	6.5
	5.8
	4.2


2) The cell DTX mechanism is relatively simpler, e.g. UE behaviour may reuse (at least part of) that defined in UE C-DRX. The cell DRX mechanism is more complicated, more time is needed for careful study of e.g. the impacts on UEs.
In this paper, we focus on cell DTX.
[bookmark: _Hlk118382879]Proposal 0: Cell DTX, which has much more NES gains than cell DRX, should be able to be configured/activated separately from cell DRX.
0. Configuration and signalling
Issue 1: Whether the L1/L2 signalling can be used to configure the cell DTX pattern
There seems to be no strong motivation to use L1/L2 signalling to configure the cell DTX pattern. Firstly, it is not justified whether the one-shot DTX configuration can bring more NES gain compared with the periodic DTX configuration. Secondly, frequent transmission of L1/L2 signalling may be needed if occasions for cell DTX occur frequently, and in this case the L1/L2 signalling overhead would be large and diminish the NES gain for the network. Finally, the change of cell DTX pattern may impact the inter-cell measurement configuration, interference management and mobility optimization at neighbouring nodes, such dynamic adaption of cell DTX pattern may lead to performance degradation of neighbouring nodes as the new DTX pattern cannot be signalled to neighbouring nodes in time (due to the backhaul latency).
Proposal 1: L1/L2 signalling is not used to configure the DTX pattern.
Issue 2-1: Information to be configured
The detailed information for Cell DTX may include:
· Cell DTX pattern information, e.g. duration, periodicity and starting slot of non-active periods; 
· Optionally, a flag that indicates which example of cell DTX is used;
· Optionally, information of WUS signal (if Rel-16 WUS like mechanism is introduced).
Proposal 2-1: The following information can be considered to be included in cell DTX configuration: 
-	Cell DTX pattern information, e.g. duration, periodicity and starting slot of non-active periods; 
-	A flag that indicates which example of cell DTX is used;
-	information of WUS signal (if Rel-16 WUS like mechanism is introduced).
Issue 2-2: Signalling design
The notification of cell DTX pattern may include an RRC procedure that indicates the pre-configured cell DTX pattern and a L1/L2 signalling procedure to activate/modify/terminate the cell DTX operation. The RRC procedure can be system information broadcast or UE-specific RRC procedures e.g. RRC reconfiguration, and the L1/L2 signalling procedure can use UE-specific, group-specific or cell-specific L1/L2 signalling. The detailed signalling design can be left to normative phase.
Proposal 2-2: The following signalling procedures for configuring cell DTX can be considered: the cell DTX pattern is configured in system information or RRC signalling, and the cell DTX operation is activated/modified/terminated by UE-specific, group-specific or cell-specific L1/L2 signalling.
Issue 2-3: Multiple configurations
The signalling procedures proposed for issue 2-2 are also applicable to the multiple configuration case: the multiple DTX patterns are pre-configured to UEs in system information or RRC signalling, and the L1/L2 signalling, which can be UE-specific, group-specific or cell-specific, is used to activate one of these patterns. The multiple configuration mechanism enables flexible and fast change of cell DTX patterns.
Proposal 2-3: Multiple DTX patterns can be configured to UEs in system information or RRC signalling, and which pattern to use can be indicated by the L1/L2 signalling.
Issue 2-4: Whether there are valid scenarios to keep CA in cell DTX
In our view, cell DTX is applicable to the low network load case, while CA is mainly used for high UE throughput case. If one or more UEs require high throughput, the reasonable way is to let the cell keep transmission to meet the requirement as much as possible, rather than switching off for NES. Also, the energy consumption gain is questionable for enabling CA in multiple cells with DTX, comparing with non-CA operation in a normal cell. Therefore, it seems not justified to keep CA in cell DTX. If valid scenarios are identified in future discussion, the possible enhancement to cell DTX can be discussed, e.g. whether the DTX patterns are configurated per cell or per cell group in CA case. 
Proposal 2-4: CA is not considered for cell DTX, as cell DTX and CA are usually applicable to quite different scenarios.
UE behaviour
Issue 3-1: Whether legacy UEs can access cells with DTX mode
In examples 2, 3 and 4, during the DTX non-active periods, the common signals and reference signals are still transmitted, based on which the legacy UEs may perform synchronization and measurement. However, if UL signal/channel/signalling (e.g. preamble, SR) is transmitted, the DL response (e.g. MSG2) may not be sent in time. If the DTX non-active period expands a long time, the legacy UEs may fail to receive any response and may cause problems, for instance, if the ra-ResponseWindow expires and the RAR has not been received the UE considers RACH as failed. In examples 1, the common signals and reference signals are not transmitted, which may impact the synchronization and measurement for legacy UEs. 
According to the above analysis, whether legacy UEs is impacted by cell DTX depends on which DTX mode/example is used and the detailed configuration of the DTX pattern. Therefore it can be left to implementation whether to prevent legacy UEs from accessing cells with DTX mode or not. Note that in last RAN2 meeting, when discussing the cell (re)selection techniques, some possible solutions to prevent legacy UEs from camping, e.g. cellBarred or IntraFreqExcludedCellList are identified. Such solutions are also applicable to the cell DTX case.
Proposal 3-1: Whether to prevent the legacy UEs from accessing cells with DTX mode can be left to implementation according to the detailed configuration of the DTX pattern. In case the network wants to prevent the legacy UEs, the mechanism discussed for cell barring can be re-used.
Issue 3-2: UE behaviour
The possible UE behaviour for the four examples is shown in the following table (only Cell DTX is considered). 
	 
	NW behaviour in cell non-active periods
	UE behaviour in cell non-active periods

	Example 1
	No DL transmission.
	Stop monitoring PDCCH. 
Stop CSI measurement and beam management.
Suspend UL grant/RACH.

	Example 2
	No TX of data traffic.
The common signals and reference signals are still transmitted.
	Stop monitoring PDCCH. 
Suspend UL grant/RACH.

	Example 3
	No TX of dynamic data traffic.
The semi-periodic data traffic, common signals and reference signals are still transmitted.
	Stop monitoring PDCCH. 
Suspend UL grant/RACH.

	Example 4
	No TX of data traffic and common signals. 
The reference signals are still transmitted.   
	Stop monitoring PDCCH. 
Suspend UL grant/RACH.


Proposal 3-2: For all four examples, the UE should stop monitoring PDCCH and suspend UL grant/RACH. For example 1, the UE should further stop CSI measurement and beam management.
Alignment
Issue 4-1: Whether/how to align UE DRX with cell DTX 
For both legacy UEs and new UEs, there is no need to strictly align UE DRX with cell DTX. As long as the DRX ON duration of the UE is set within the DTX non-active duration of the cell, both cell DTX and UE DRX can be fulfilled without conflicting. 
[bookmark: _Hlk118470736][bookmark: _Hlk118470038]For new UEs, there is even no need to require that the DRX ON duration of UEs is within the DTX non-active duration of cell. If the cell DTX pattern overlaps with UE DRX pattern, the UE may obey one of the patterns. The priorities for cell DTX patterns and UE DRX pattern can be specified or indicated by the NW. One possible solution is to prioritize cell DTX over UE DRX, i.e., once a cell DTX pattern is activated, the UE DRX which is already configured/activated is suspended.
Issue 4-2: Whether/how to align UE DRX among multiple UEs
There is no need to strictly align UE DRX among multiple UEs. Similarly with the analysis on issue 4-1, as long as the DRX ON duration of all UEs are set within the DTX non-active duration of the cell, there is no conflict between cell DTX and UEs’ DRX. Also, the priority mechanism can be used to coordinate the operation of UE DRX and cell DTX for new UEs, in case UEs’ DRX conflicts with cell DTX.
Proposal 4-1: Proper configuration of UE DRX and cell DTX can ensure the alignment between UE DRX and cell DTX, and also alignment among UEs.
[bookmark: _Hlk118472062]Proposal 4-2: For new UEs, there is even no need to coordinate the configurations of UE DRX and cell DTX. The priority mechanism that sets priorities for UE DRX and cell DTX can solve the configuration conflicting issue.

Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the technique of the Cell DTX/DRX and made the following proposals:
Proposal 0: Cell DTX, which has much more NES gains than cell DRX, should be able to be configured/activated separately from cell DRX.
Proposal 1: L1/L2 signalling is not used to configure the DTX pattern.
Proposal 2-1: The following information can be considered to be included in cell DTX configuration: 
-	Cell DTX pattern information, e.g. duration, periodicity and starting slot of non-active periods; 
-	A flag that indicates which example of cell DTX is used;
-	information of WUS signal (if Rel-16 WUS like mechanism is introduced).
Proposal 2-2: The following signalling procedures for configuring cell DTX can be considered: the cell DTX pattern is configured in system information or RRC signalling, and the cell DTX operation is activated/modified/terminated by UE-specific, group-specific or cell-specific L1/L2 signalling.
Proposal 2-3: Multiple DTX patterns can be configured to UEs in system information or RRC signalling, and which pattern to use can be indicated by the L1/L2 signalling.
Proposal 2-4: CA is not considered for cell DTX, as cell DTX and CA are usually applicable to quite different scenarios.
Proposal 3-1: Whether to prevent the legacy UEs from accessing cells with DTX mode can be left to implementation according to the detailed configuration of the DTX pattern. In case the network wants to prevent the legacy UEs, the mechanism discussed for cell barring can be re-used.
Proposal 3-2: For all four examples, the UE should stop monitoring PDCCH and suspend UL grant/RACH. For example 1, the UE should further stop CSI measurement and beam management.
Proposal 4-1: Proper configuration of UE DRX and cell DTX can ensure the alignment between UE DRX and cell DTX, and also alignment among UEs.
Proposal 4-2: For new UEs, there is even no need to coordinate the configurations of UE DRX and cell DTX. The priority mechanism that sets priorities for UE DRX and cell DTX can solve the configuration conflicting issue.
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Annex. TP to TR 38.864 (based on R2-2211067)
-----------------Start of the Changes------------------
6.1.1	Cell DTX/DRX
6.1.1.x	Higher layer procedures
Cell DTX and cell DRX are separate operations and can be configured separately.
Cell DTX/DRX is applied to at least UEs in RRC_CONNECTED state. A One or multiple periodic Cell DTX/DRX (i.e., active and non-active periods) patterns can be configured by gNB via RRC signalling. Below examples on Cell DTX/DRX behaviour during non-active periods are assumed to be possible options, and the UE behaviour/impact will be studied:
· 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).
The study will focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration.
For Cell DTX in Example 1, the UE should stop monitoring PDCCH, stop CSI measurement and beam management, and suspend UL grant and RACH. 
For Cell DTX in Example 2, 3, and 4, the UE should stop monitoring PDCCH and suspend UL grant and RACH.
Editor's note: FFS if multiple sets of Cell DRX/DTX configuration are allowed.
The Cell DTX mode/configuration configured by RRC signalling can also be indicated to the UEactivated via dynamic L1/L2 signalling. The dynamic L1/L2 signalling at least supports UE dedicated indication. Whether UE group common signalling is also supported will be further studied. 
[bookmark: _GoBack]It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism will be studied. Proper configuration of UE DRX and Cell DTX can ensure the alignment between UE DRX and Cell DTX, and also the alignment among UEs. In case UE DRX is not aligned with Cell DTX, the priority mechanism that sets different priorities for UE DRX and cell DTX can solve the configuration conflicting issue.
Editor's note: FFS details of alignment, including UE transmission/reception behavior during DTX.
6.1.1.y	Assistance information from UE side
Editor's note: will be updated once more agreements are made.
6.1.1.z	Impacts on network interfaces
Editor's note: will be updated once more agreements are made.
-----------------End of the Changes--------------------
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