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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss cell DTX/DRX, which is one objective of NES WI.
· 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.

Discussion
In the SI phase, RAN2 concludes cell DTX/DRX is feasible for network energy saving and captures those agreements in TR 38.864. 
[bookmark: OLE_LINK1]For cell DTX/DRX, the following parameters can be configured, including periodicity, start slot/offset and on duration. Typically, as a starting point, RAN2 can consider cell DTX/DRX active and non-active duration as fixed.
The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling. Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.
Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together. At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration. Details related to UE behaviour can be discussed during WI phase. Whether to support multiple Cell DTX/DRX configurations can be discussed later in the WI phase.
One may prefer a flexible cell DTX/DRX active/non-active duration, i.e. cell DTX/DRX active duration would be extended due to some event (e.g. specific timer expiry, like the extension mechanism for UE-specific DRX active duration). From our perspective, the flexible cell DTX/DRX active/non-active duration may complex the UE/gNB implementation and introduce much normative work. Also, it would reduce the benefit of network energy saving, since the non-active time of the network would be shortened.  
[bookmark: _Toc127520099]RAN2 focuses on a fixed cell DTX/DRX active/non-active duration. 
In TR 38.864, one left issue is whether to support multiple cell DTX/DRX configurations. In our view, the answer depends on the necessity of multiple power states/power models. In the RAN1’s discussion, RAN1 proposed and evaluated several power states/power models as below, including Deep sleep, Light sleep, Microsleep, Active UL and Active DL [3]. 
Table 1: Power states of BS power consumption model in TR 38.864
	Power state
	Characteristic
	Relative Power P
	Additional transition energy2 E
	Total transition time T

	Deep sleep1
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	P1
	E1
	T1

	Light sleep
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state.
	P2
	E2
	T2

	Micro sleep
	There is neither DL transmission nor UL reception.
Immediate transition is assumed for network energy saving study purpose from or to a non-sleep state.
	P3
	0
	0

	Active DL
	There is only DL transmission.
	P4
	N.A.

	Active UL
	There is only UL reception.
	P5
	

	Note 1: Depending on implementations, there could be a state that the power is lower than deep sleep and requires larger total transition time, e.g. hibernating sleep or Quasi-off, which is not explicitly modelled in this study for evaluation purpose. 
Note 2: Unit in relative power times duration.



For each power state, RAN1 assumes the individual transition delay between the active mode and non-active mode as well as the corresponding network energy-saving gain. In our view, the difference in transition delays implies separate cell DTX/DRX configurations or UE/network transmission behaviours. If RAN2 prefers the former, one implementation is to configure multiple cell DTX/DRX configurations via RRC and to switch the activation/deactivation among those cell DTX/DRX configurations via L1/L2 signalling. To let a UE know which cell DTX/DRX configuration to be utilised, RRC needs to configure the index for each of those cell DTX/DRX configurations, and L1/L2 signalling would indicate which index of those cell DTX/DRX configurations to be utilised. As a result, the UE can use the activated cell DTX/DRX configuration for transmission/reception. While, if RAN2 prefers the latter, it means separate UE/network behaviour is expected within different time durations. If separate UE/network behaviour is assumed as a kind of parameter, this implementation can be classified as an application of multiple cell DTX/DRX. In summary, we think it is necessary to introduce multiple cell DTX/DRX.
[bookmark: _Toc127520100]RAN2 allows multiple cell DTX/DRX configurations in RRC. 
[bookmark: _Toc127520101]If multiple cell DTX/DRX is supported, the index of cell DTX/DRX configuration is configured per these configurations. 
[bookmark: _Toc127520102]L1/L2 signalling is used to activate/deactivate one of cell DTX/DRX configurations. 

Regarding the UE’s behaviour/impact on cell DTX/DRX, RAN2 assumes the following possible options.
· 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).
In our view, the above examples may impact both IDLE/INACTIVE and CONNECTED UEs, which does not align with the latest WI requirement, i.e.
· 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.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Thus, we would like to re-model those possible options as below, to cover all types of transmission/reception in the current NR system, and also reflect the RAN2’s intention on the original 4 examples.
· Example 0: gNB is expected to turn off all transmission and reception for common channel/signal, UE-specific channel (e.g. DG, SPS/CG) and UE-specific signal (e.g. SRS, CSI-RS, PUCCH) during cell DTX/DRX non-active periods.
· Example 1: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG, SPS/CG) and UE-specific signal (e.g. SRS, CSI-RS, PUCCH) during cell DTX/DRX non-active periods.
· Example 2: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG, SPS/CG) during cell DTX/DRX non-active periods.
· Example 3: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG) for dynamic transmission during cell DTX/DRX non-active periods.
Example 0 is a baseline scenario for network energy saving and has maximum energy saving gains since all common and UE-specific channels/signals are not allowed. However, it does not match the WI requirement, i.e. at least SSB/SIBs transmission should be kept as it was. Thus, we propose RAN2 takes the re-modelled Example 1,2 and 3 as potential UE’s behaviours/impacts on cell DTX/DRX.
[bookmark: _Toc127520103]The gNB is not expected to turn off transmission and reception for common channels/signals during non-active periods, i.e. the transmission/reception of RACH, SSB and SIBs keeps as it is during cell DTX/DRX non-active periods.
[bookmark: _Toc127520104]RAN2 confirms the following as the possible options on UE/network behaviour during cell DTX/DRX non-active periods.
· [bookmark: _Toc127520105]Example 1: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG, SPS/CG) and UE-specific signal (e.g. SRS, CSI-RS, PUCCH) during cell DTX/DRX non-active periods.
· [bookmark: _Toc127520106]Example 2: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG, SPS/CG) during cell DTX/DRX non-active periods.
· [bookmark: _Toc127520107]Example 3: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG) for dynamic transmission during cell DTX/DRX non-active periods.

In the SI phase, companies have confirmed the benefit to align UE DRX with cell DTX and DRX alignment among multiple UEs. On DRX alignment among multiple UEs (at least for the parameters related to the UE-specific DRX configuration), we understand it can be implemented by the gNB configuration, thus extra spec change is not needed. On the alignment of cell DTX/DRX and UE DRX, we understand more RAN2 discussion is needed, since different cases may result in different behaviours. Note that the UE behaviours on UE-specific DRX non-active and cell DTX/DRX non-active are different. 
[image: ]
Figure 1 cell DTX/DRX and UE-specific DRX
In our view, generally, the cell DTX non-active period will always be the inactive time for UE (in case UE DRX is configured) and UE DRX active time is only possible in the cell DTX active period. In detail,
· [bookmark: OLE_LINK4]For case ①, both cell DTX/DRX and UE-specific DRX are in the active period, thus, the UE/network transmits as normal. 
· For case ②, cell DTX/DRX is in an active period and UE-specific DRX is in a non-active period, which equals no cell DTX/DRX configured. Thus, the UE/network works as legacy, i.e. follows the behaviour in the UE-specific DRX non-active period.
· For case ③, both cell DTX/DRX and UE-specific DRX are in the non-active period. Considering the expected behaviour may be different for cell DTX/DRX non-active and UE-specific DRX non-active, we prefer the UE to follow the way expected for cell DTX/DRX non-active, otherwise, the NES gain can not be achieved as we designed. 
· For case ④, cell DTX/DRX is in the non-active period and UE-specific DRX is in the active period, which equals no UE DRX configured. Typically, the UE will follow the behaviour for cell DTX/DRX non-active, otherwise, the NES gain can not be achieved as we designed.
[bookmark: _Hlk118296191][bookmark: _Toc127520108]In the case that both cell DTX/DRX and UE-specific DRX are configured, the cell DTX non-active period will always be the inactive time for UE, i.e. in cell DTX/DRX non-active, the UE always follows the behaviour designed for cell DTX/DRX non-active.
[bookmark: _Toc127520109]In the case that both cell DTX/DRX and UE-specific DRX are configured, UE DRX active time is only possible in the cell DTX/DRX active period, i.e. in cell DTX/DRX active, the UE always follows the behaviour designed for UE-specific DRX.

[bookmark: _Toc110331317]Conclusion
We have the following proposals:
Proposal 1	RAN2 focuses on a fixed cell DTX/DRX active/non-active duration.
Proposal 2	RAN2 allows multiple cell DTX/DRX configurations in RRC.
Proposal 3	If multiple cell DTX/DRX is supported, the index of cell DTX/DRX configuration is configured per these configurations.
Proposal 4	L1/L2 signalling is used to activate/deactivate one of cell DTX/DRX configurations.
Proposal 5	The gNB is not expected to turn off transmission and reception for common channels/signals during non-active periods, i.e. the transmission/reception of RACH, SSB and SIBs keeps as it is during cell DTX/DRX non-active periods.
Proposal 6	RAN2 confirms the following as the possible options on UE/network behaviour during cell DTX/DRX non-active periods.
•	Example 1: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG, SPS/CG) and UE-specific signal (e.g. SRS, CSI-RS, PUCCH) during cell DTX/DRX non-active periods.
•	Example 2: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG, SPS/CG) during cell DTX/DRX non-active periods.
•	Example 3: gNB is expected to turn off all transmission and reception for UE-specific channel (e.g. DG) for dynamic transmission during cell DTX/DRX non-active periods.
Proposal 7	In the case that both cell DTX/DRX and UE-specific DRX are configured, the cell DTX non-active period will always be the inactive time for UE, i.e. in cell DTX/DRX non-active, the UE always follows the behaviour designed for cell DTX/DRX non-active.
Proposal 8	In the case that both cell DTX/DRX and UE-specific DRX are configured, UE DRX active time is only possible in the cell DTX/DRX active period, i.e. in cell DTX/DRX active, the UE always follows the behaviour designed for UE-specific DRX.
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