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1 [bookmark: _Ref4817]Introduction
During RAN1#112 meeting, cell DTX/DRX related issues were discussed, and the following agreements were made, 
	Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded
Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded



In this contribution, we will give our consideration on the RAN1 related enhancements for cell DTX/DRX, including the impacted signals/channels during non-active periods of cell DTX/DRX, the activation/deactivation of cell DTX/DRX and the alignment of cell DTX/DRX with UE C-DRX.
2.Discussion on cell DTX/DRX enhancements
2.1.Impacted signals/channels
During RAN2 #121 post email discussion, they discussed the impacted channels such as SPS PDSCH, CG-PUSCH, SR , and dynamic grants and assignments, e.g. PDCCH monitoring. The following proposals were made,
	Proposal 1: As baseline, UE drops monitoring SPS occasions during Cell DTX non-active period. gNB is assumed to be not transmitting PDSCH on such SPS occasions during the Cell DTX non-active period. (20/24)
FFS: whether it is possible to configure an exception to this (e.g. per SPS or cell DTX configuration) such that the UE monitors SPS occasions during Cell DTX non-active period to support low latency traffic.
Proposal 2: As baseline, UE does not transmit on CG occasions overlapping with Cell DRX non-active periods. (20/24) FFS: whether it is possible to configure an exception to this (e.g. per CG or Cell DRX configuration) such that the UE can transmit on CG occasions overlapping with Cell DRX non-active periods to support low latency traffic.
Proposal 3: As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period (17/24). FFS: whether it is possible to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to support low latency traffic.
Proposal 4: If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH. (21/24)
Proposal 5a: UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. (20/24)
Proposal 5b: The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time (21/24)
Proposal 6a: RAN2 to discuss the following options for UE behaviour for PDCCH monitoring for dynamic retransmissions during cell DTX non-active period:
1) UE doesn’t monitor PDCCH for dynamic grants/assignments for dynamic retransmissions during Cell DTX non-active, even if the UE is in C-DRX Active time. (13/23)
2) UE monitor PDCCH for dynamic grants/assignments for retransmissions during the UE’s C-DRX Active time per legacy behaviour, even during the Cell DTX non-active period. (7/23)
3) Option 1 for retransmission of dynamically scheduled TBs, FFS for retransmission of CG or SPS (2/23)
Proposal 6b: RAN2 to discuss the following options for the understanding for the gNB scheduling behaviour for dynamic retransmissions during Cell DTX non-active period:
1) gNB does not schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, even if the UE is in C-DRX Active Time (13/23)
2) gNB can schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, but not outside of the UE’s C-DRX Active time. (6/23)
3) Option 1 for retransmission of dynamic scheduling, FFS for retransmission of CG or SPS (2/23)

Proposal 7: UE can transmit on PUSCH dynamic grants during Cell DRX non-active periods if scheduling was received by the UE. (12/23)
Proposal 8: UE can receive dynamic PDSCH assignments during Cell DTX non-active periods if scheduling was received by the UE. (11/23)


RAN2 will further discuss these proposals during RAN2#121b-e meeting, and here we will provide our views on transmitting(DL) and reception(UL) of such channels, and also for reference signals.  
· Downlink channels and signals impacted by cell non-active duration
Among the signals and channels agreed during last RAN1 meeting agreements, we will provide our views on downlink channels include PDCCH, SPS-PDSCH, downlink signals include periodic/Semi-persistent CSI-RS, TRS and NCD-SSB.
PDCCH
For PDCCH, we think most of the UE specific PDCCH and type3-PDCCH can be skipped. Similar to C-DRX, where UE does not monitor PDCCH scheduling scrambled by C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI,TPC-PUSCH-RNTI, TPC-SRS-RNTI, and AI-RNTI during C-DRX non-active time as described in TS38.321, such PDCCH monitoring can also be skipped during cell non-active periods.
But for PDCCH scrambled by MCS-RNTI, more discssion is needed. To support URLLC service, it is better for UE to keep monitoring MCS-RNTI, so it can react the scheduling for URLLC timely. While from the gNB perspective, it does not mean there is actual URLLC scheduling, only the scheduling chance is maintained and when there is no corresponding scheduling happens, gNB can still keep sleeping.
Proposal 1: PDCCH monitoring scrambled by MCS-RNTI is not impacted by cell non-active periods.

During RAN2#121 post email discussion, most of companies see the benefit of supporting L1 signalling for cell DTX/DRX activation/deactivation, and in the summary, they made the following proposal,
	Proposal 5: Cell level common L1 signalling for cell DTX/DRX activation/deactivation is beneficial from RAN2 perspective, send an LS to RAN1 with our preference and ask about feasibility and design details. (17/28)


We also prefer to support L1 signalling of cell DTX/DRX activation/deactivation, so that the network can adapt to the varying traffic requirement more efficiently and flexibly. Even when the cell enters a non-active period, it can still provide monitoring occasions for UE, and during the occasions, it can indicate that the cell DTX/DRX is now deactivated and it returns to a normal transmission or receptions state, to serve large amount of data traffic or low latency services. In this case, the PDCCH monitoring for L1 activation/deactivation of cell DTX/DRX is needed for cell non-active periods.
Proposal 2: In case of L1 signalling based cell DTX/DRX activation/deactivation is supported, PDCCH monitoring for the activation/deactivation should be allowed during cell non-active periods.

SPS-PDSCH
For SPS-PDSCH, it is better not to transmit during cell non-active time. The main motivation to support SPS-PDSCH is for delay sensitive service, for which case the periodicity of SPS will be small, and also considering that there may be multiple SPS assignments activated in the cell, the time opportunity left for gNB to enter light or deep sleep will be limited. And also considering common behavior is desired for both SPS PDSCH and CG-PUSCH, the network energy saving gain will be further reduced when CG-PUSCH and its retransmission scheduling are also allowed. If there are really latency critical SPS transmission or CG reception, cell DTX/DRX may not be activated.
Proposal 3: SPS-PDSCH is not expected to be received by UE during cell non-active periods.

Downlink reference signals
For Periodic/Semi-persistent CSI-RS, if they are totally not transmitted, the channel measurement will be affected, especially for long period of non-active period. Once the network wakes up from the non-active state and ready to schedule UEs, accurate CSI for the corresponding scheduling is missing due to no CSI-RS measurement in the non-active periods, then the transmission efficiency will be reduced. To avoid performance loss due to no CSI-RS, an alternative way can be increased periodicity for such reference signals during non-active periods. That is when the cell enters non-active state, the CSI-RS periods changes to a large value, UE can still do measurement based on the sparse CSI-RS and report CSI, and gNB can have more chances for sleep comparing to normal period CSI-RS transmission. 
Proposal 4: To reduce performance loss of no CSI-RS measurement during cell DTX/DRX non-active periods, CSI-RS can be transmitted with a larger periodicity during cell non-active periods.

If TRS transmission is stopped during cell non-active period, and idle/inactive UEs relying on TRS for power saving cannot recognize this, the paging reception performance may be degraded. TRS availability is indicated through PEI or paging PDCCH, the indication period is at least paging cycle level, while cell DTX/DRX is configured at the RRC level or is dynamically activated/ deactivated, the time granularity of cell DTX/DRX is smaller than that of TRS availability. So it is verly likely that idle/inactive UEs do not know unavailable of TRS due to Cell DTX, and it still relies on TRS for synchronization and preparation before PO, then the decoding performance of paging will degrade. Therefore, if TRS is used for power saving by idle/inactive UEs, it is better not impacted by Cell DTX.
Proposal 5: If TRS is used for power saving by idle/inactive UEs, it is not impacted by Cell DTX.

NCD-SSB
NCD-SSB is configured to connected UEs for synchronization or measurement on BWP without CD-SSB. Since it can be configured with a time offset from CD-SSB, if it keeps transmitting during Cell DTX periods, just like CD-SSB, the sleeping chance for network will be reduced, especially when multiple beams is used. So it is proposed to skip NCD-SSB transmission during Cell DTX periods.
Proposal 6: NCD-SSB is not transmitted during non-active periods of Cell DTX.

· Uplink channels and signals impacted by cell non-active duration
In the following, we provide our views on the signals and channels agreed during last RAN1 meeting agreements.
SR
Considering uplink power consumption is much lower than downlink, SR can be allowed for timely scheduling of latency critical uplink traffic, and upon reception of SR, gNB can determine whether to deactivate cell DTX/DRX and return to normal dynamic scheduling mode.  
Proposal 7: SR can be transmitted during cell DTX/DRX non-active period.

Periodic/Semi-persistent CSI report
Similar as analysis for periodic/semi-persistent CSI-RS, to provide accurate CSI for gNB so as to schedule more efficient PDSCH/PUSCH when it comes to active period from long non-active periods, periodic/semi-persistent CSI report can be allowed during cell non-active periods with a larger periodicity. Whether it is totally not reported or reported with a larger periodicity can be configured by gNB considering the detail parameters of cell DTX/DRX, such as the periodicity, duration of cell non-active periods for cell DTX/DRX. If the cell DTX/DRX is configured with a small period or short non-active period, the CSI reported to gNB during last active period is likely to be still valid for current active period. In such cases, the periodic/semi-persistent CSI-RS and CSI report can be skipped during cell non-active periods. Otherwise, if long non-active period is configured, gNB can configure periodic/semi-persistent CSI-RS and CSI report with larger periodicity to balance the transmission performance and gNB power saving gain. 
Proposal 8: To provide timely and effective CSI for gNB, periodic/semi-persistent CSI report can be allowed with a larger periodicity during cell non-active periods.
Proposal 9: gNB can configure whether to skip periodic/semi-persistent CSI-RS and CSI report or to allow them with a larger periodicity.

Periodic/Semi-persistent SRS
The analysis of periodic/semi-persistent CSI-RS can also apply to periodic/semi-persistent SRS. To avoid performance loss due to no SRS during cell non-active period, gNB can configure whether to transmit periodic/semi-persistent SRS during cell non-active period, and if transmitted, a large period can be used for the transmission.
Proposal 10: gNB can configure UE whether to skip periodic/semi-persistent SRS or to allow SRS transmission with a larger periodicity.

CG-PUSCH
We think common behavior is desired for both SPS PDSCH and CG-PUSCH, and considering the network power saving gain will be limited if multiple CG-PUSCH and SPS PDSCH configurations are configured and activated if they are allowed during cell non-active period, CG-PUSCH is proposed to be skipped during Cell DRX non-active periods.
Proposal 11: CG-PUSCH is skipped during Cell DRX non-active period.

2.2.Activation/deactivation
According to summary of RAN2#121 post email discussion, they propose to support RRC based activation and deactivation of cell DTX/DRX as baseline, and RAN2 also think cell level common L1 signalling for cell DTX/DRX activation/deactivation is beneficial, details for L1 signalling based activation and deactivation is up to RAN1.
	Proposal 4: As a baseline cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. FFS a new IE explicitly stating activation/deactivation (22/26)
Proposal 5: Cell level common L1 signalling for cell DTX/DRX activation/deactivation is beneficial from RAN2 perspective, send an LS to RAN1 with our preference and ask about feasibility and design details. (17/28)



In our opinion, RRC based semi-static activation and deactivation is not flexible enough for gNB’s power saving. For example, when gNB has finished the transmission of UE traffic, and expected no uplink and downlink transmission in the near future, if dynamic L1 activation and deactivation of cell DTX and DRX is supported, DTX and DRX can take effect immediately and gNB can enter a inactive state to save power. However, if dynamic indication is not supported, RRC reconfiguration is required, and gNB has to wait for more time to entering DTX or DRX. Therefore, we propose to support dynamic indication of cell DTX/DRX.
To realize L1 activation and deactivation of cell DTX and DRX, PDCCH scrambled with specific RNTI can be considered. The monitoring of such PDCCH is allowed during cell non-active period, such that gNB can return to normal state timely to serve large amount of data traffic or low latency service.
Proposal 12: L1 signalling based cell DTX/DRX activation/deactivation is supported to balance gNB power saving and user experience.
Proposal 13: PDCCH can be used for dynamic activation and deactivation of cell DTX/DRX, and can be monitored during cell non-active periods.

2.2.Alignment with UE-DRX
When both cell DTX/DRX and UE DRX are configured, if they are not aligned, the power saving gain or UE experience will reduced. For example, as shown in Figure.1, different UEs have different DRX cycles or same cycle but different start offsets, then these UEs will be scheduled distributively in time. When cell DTX/DRX are configured, active time of some UEs will fall out of active time of gNB, then such UEs will have no chance to be scheduled, unless a longer on duration timer of cell DTX/DRX is configured, then the power saving gain of cell DTX/DRX will be limited. 
[image: ]
Figure.1 Unaligned UE DRX configurations and cell DTX/DRX
So to maximize the power saving gain, the on duration time of UE C-DRX and cell DTX/DRX should be overlapped as much as possible.
One alternative is to reconfigure the UE DRX parameters, such as drx-LongCycleStartOffset, to align the cycle and start offset of UE DRX with cell DTX/DRX. However, this takes longer time for the RRC reconfiguration parameters to take effect. And once the traffic load increases, gNB has to reconfigure those parameters again to distribute UEs’ active time.
Another alternative is to use dynamic signaling. The alignment of UE DRX can be done along with L1 activation and deactivation of cell DTX/DRX. As shown in Figure.2, when gNB decides to start cell DTX/DRX, it sends a dynamic indication to inform UE about the activation of cell DTX/DRX, and along with the dynamic activation, all UEs will update the DRX parameters such as DRX cycle, drx-startoffset, or drx-slotoffset to a common start offset, common DRX cycle, common slot offset value configured by the network, or the common parameters share same value with cell DTX/DRX. As shown in Figure 3, all UE use the same offset and cycle as cell DTX/DRX, and the on duration timer can share the same value or different values.
By the dynamic signalling way, gNB can align the active time of gNB and UEs, therefore, the power saving gain can be increased, and it can react to dynamic UE traffic varying timely. 
So we make the following proposals.
Proposal 14: Alignment of cell DTX/DRX and UE C-DRX can be triggered dynamically.
[bookmark: _GoBack]Proposal 15: Activation of cell DTX/DRX and alignment of cell DTX/DRX and UE DRX can share the same L1 indication signalling.
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Figure.2 Dynamic alignment of UE C-DRX with cell DTX/DRX

3. Conclusion
In this contribution, we discuss the issues related to cell DTX/DRX, and the following proposals are made:
Proposal 1: PDCCH monitoring scrambled by MCS-RNTI is not impacted by cell non-active periods.
Proposal 2: In case of L1 signalling based cell DTX/DRX activation/deactivation is supported, PDCCH monitoring for the activation/deactivation should be allowed during cell non-active periods.
Proposal 3: SPS-PDSCH is not expected to be received by UE during cell non-active periods.
Proposal 4: To reduce performance loss of no CSI-RS measurement during cell DTX/DRX non-active periods, CSI-RS can be transmitted with a larger periodicity during cell non-active periods.
Proposal 5: If TRS is used for power saving by idle/inactive UEs, it is not impacted by Cell DTX.
Proposal 6: NCD-SSB is not transmitted during non-active periods of Cell DTX.
Proposal 7: SR can be transmitted during cell DTX/DRX non-active period.
Proposal 8: To provide timely and effective CSI for gNB, periodic/semi-persistent CSI report can be allowed with a larger periodicity during cell non-active periods.
Proposal 9: gNB can configure whether to skip periodic/semi-persistent CSI-RS and CSI report or to allow them with a larger periodicity.
Proposal 10: gNB can configure UE whether to skip periodic/semi-persistent SRS or to allow SRS transmission with a larger periodicity.
Proposal 11: CG-PUSCH is skipped during Cell DRX non-active period.
Proposal 12: L1 signalling based cell DTX/DRX activation/deactivation is supported to balance gNB power saving and user experience.
Proposal 13: PDCCH can be used for dynamic activation and deactivation of cell DTX/DRX, and can be monitored during cell non-active periods.
Proposal 14: Alignment of cell DTX/DRX and UE C-DRX can be triggered dynamically.
Proposal 15: Activation of cell DTX/DRX and alignment of cell DTX/DRX and UE DRX can share the same L1 indication signalling.
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