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1. Introduction
In RAN2#121, the agreements about Cell DTX/DRX have been reached as following:
Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. 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.
3. 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.  
4. 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.  
Besides, two email discussion are handled in RAN2#121. One email discussion [1] is to discuss configuration, activation, deactivation and alignment of Cell DTX/DRX while another email discussion [2] is to discuss the expected gNB and UE behaviors during Cell DRX and Cell DTX non-active periods.
In this paper, we will further clarify the details on cell DTX/DRX mechanism and the remaining problems.
2. [bookmark: _Toc12718547]Discussion
[bookmark: OLE_LINK2]2.1 Multiple configuration of Cell DTX/DRX
In general, the network load is dynamic and it varies based on the amount of data that is being transmitted. From the network side, gNB is likely to utilize various Cell DTX/DRX configurations that are best suited for different traffic loads. For example, when the load is low, gNB is expected to deactivate transmission or reception for a relatively long period, leading to adopt the longer off duration of Cell DTX or DRX configurations. On the other hand, when the load is light, gNB is expected to deactivate transmission or reception for a relatively short period, leading to adopt the short off duration of Cell DTX and DRX configurations. Therefore, there is a need for gNB to support multiple DTX/DRX configuration in a cell.
Observation 1: gNB has a need to support multiple DTX/DRX configuration in a cell to adapt to different loads.
During previous discussion, a single DTX/DRX configuration is proposed in order to simplify specification work in this release. However, from the perspective of specification, multiple DTX/DRX configurations only requires a configuration list in RRC that doesn’t greatly increase specification work. And a single DTX/DRX configuration may cause the forward incompatibility with the further release that supports multiple DTX/DRX configuration. 
Observation 2: Multiple DTX/DRX configuration only requires a configuration list in RRC, but a single DTX/DRX configuration may introduce more specification work in further release.
Therefore, multiple DTX/DRX configurations should be supported in R18 release.
Proposal 1: Multiple DTX/DRX configurations should be supported in R18 release.

But, for a moment, only one DTX/DRX configuration takes effect, and UE aligns with this DTX/DRX configuration. Considering the DTX/DRX configuration is per cell, a common L1 signaling is used to dynamically indicate the DTX/DRX configuration that is going to take effect in order to decrease the signaling overhead. UE should know the timing information of DTX/DRX, such as start time, the duration and period. Considering the limited bits in L1 signaling, it is impossible to carry much bits of timing information in L1 signaling. Hence, the easy way that RRC configuration + a common L1 signaling enabling could be considered. RRC configures the supported multiple DTX/DRX configuration including the duration and period, and a common L1 signaling enables one of them.
In order to support enable one of DTX/DRX configurations dynamically, the semi-static configuration of the start time isn’t applicable. Hence, start time could be carried in common L1 signalling.
Proposal 2a: RRC configures the supported multiple DTX/DRX configuration including the duration and period.
Proposal 2b: A common L1 signaling enables one of DTX/DRX configurations.
The design of L1 signaling is up to RAN1. Considering the little remaining time in WI, it’s necessary to send a LS to trigger the discussion in RAN1 to accelerate the process of discussion on L1 signaling.
Proposal 3: RAN2 could send a LS to RAN1 to trigger the discussion on the L1 signaling.

Moreover, for the delay sensitive traffic, if UE drops monitoring SPS occasions or does not transmit on CG/SR occasions, there is a risk that the delay requirement couldn’t be satisfied. Hence, the potential impacts of enabled DTX/DRX configurations on CG/SPS/SR is considered in [2]. From the network side, when gNB determines to enable the DTX/DRX configuration, the premise is that UE performance won’t deteriorate greatly. For the delay sensitive traffic, it can be left to gNB’s suitable configuration to avoid the overlapping between the SPS/CG/SR occasions and the Cell DTX/DRX non-active period. And this strategy is feasible for gNB to minimize the impacts on UE performance. Since symbol-level SPS/CG/SR occasions are configured for delay sensitive traffic, the muting on those occasions also should be conducted at the symbol-level. Therefore, in order to implement this strategy, the DTX/DRX configuration should support symbol-level granularity.
Proposal 4: The DTX/DRX configuration should support symbol-level granularity.

2.2 Alignment of Cell DTX/DRX with UE C-DRX
In SI phase, RAN2 has a consensus that the alignment of UE C-DRX with Cell DTX/DRX is beneficial. In WI phase, the understanding how to align Cell DTX/DRX and UE C-DRX should be clarified clearly.
Firstly, the parameters of UE C-DRX, such as starting time, period, and on duration, are typically configured by the gNB implementation. gNB may consider many factors such as UE power consumption, traffic type, load balancing, and interference coordination when configuring these parameters. For example, gNB could configure a long C-DRX period for a UE with the delay tolerate traffic. gNB could configure stagger the starting time of C-DRX to decrease the interference between UEs. Those functions doesn’t conflict with the Cell DTX. Hence, if the Cell DTX is enabled, the impacts on those functions should be minimized.
Observation 3: gNB may consider many factors when configuring the parameters of UE C-DRX. The enabled Cell DTX should minimize the impacts on other functions.
Secondly, in order to minimize the impacts on UE performance, it is optimal that on-duration of each UE’ C-DRX falls within Cell DTX active period, and Cell DTX non-active period falls within the common part of C-DRX non-active period among UE. From UE side, UE could follow C-DRX. In this way, there is no specification impact. But, it tightly restricts the configuration of Cell DTX non-active and active period. And it could be implemented only under some special cases, for example, UE C-DRX non-active period among UEs could be aligned. Even, we couldn’t exclude the case that there is no common part of C-DRX non-active period among UEs. Hence, it will greatly decrease the NES gain for gNB.
Observation 4: The restriction that the on-duration of C-DRX falls within Cell DTX active period will greatly decrease the NES gain for gNB.
Moreover, the arrival of data to the gNB is always dynamic, thus, it is very common that there is no scheduling for UE during on duration time of C-DRX due to absence of arrival date. Actually, when there is no data transmission, gNB can enter into sleep mode regardless of the active period of C-DRX. Hence, the Cell DTX active period shouldn’t be limited by UE C-DRX, and it is up to gNB implementation.
Proposal 5: Cell DTX configuration is up to gNB implementation and gNB implementation shouldn’t be restricted.
As above, on-duration of C-DRX may partially overlap with Cell DTX active period. In order to saving power consumption, UE could align with Cell DTX, when gNB enters into sleep mode, UE could stop monitoring. Hence, the straightforward way is that the aligned active period means a union of Cell DTX active period and UE CDRX active period. 
As illustrated in Fig.1, gNB could determine a Cell DTX cycle, e.g. cell DTX cycle=4, active period=3, based on its own strategy. And the UE’s aligned active period is a overlapping between Cell DTX active period and UE DRX CDRX active period.

Fig.1
Proposal 6: The UE’s aligned active period is an overlapping between Cell DTX active period and UE DRX CDRX active period.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
Proposal 1: Multiple DTX/DRX configurations should be supported in R18 release.
Proposal 2a: RRC configures the supported multiple DTX/DRX configuration including the duration and period.
Proposal 2b: A common L1 signaling enables one of DTX/DRX configurations.
Proposal 3: RAN2 could send a LS to RAN1 to trigger the discussion on the L1 signaling.

Proposal 4: The DTX/DRX configuration should support symbol-level granularity.

Proposal 5: Cell DTX configuration is up to gNB implementation and gNB implementation shouldn’t be restricted.
Proposal 6: The UE’s aligned active period is an overlapping between Cell DTX active period and UE DRX CDRX active period.
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