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1. Introduction
[bookmark: _Hlk127179368]In RAN#98-e meeting, WID on Network energy savings for NR was approved [1]. The scope of WI in the time domain is as follows. 
	[bookmark: _Hlk127452363]WID scope:
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.


In RAN1#112 meeting [2], the following agreements are 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, issues for cell DTX/DRX enhancement are discussed.
2. [bookmark: _Hlk118715434][bookmark: _Hlk101275836]Discussions on cell DTX/DRX enhancement
2.1. Background on UE behavior for UE C-DRX
In legacy NR Rel-15/16/17, C-DRX can be configured at UE side for power saving purpose. By UE C-DRX mechanism defined in RAN2, the time can be classified as active period and non-active period. In active period, UE performs transmission and reception as legacy way. In non-active period, UE behavior on transmission/reception of the following signals and channels is described below: 
· PDCCH
· 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.
· CSI-RS
· UE is not required to perform CSI-RS-based measurement.
· If DRX cycle in use is larger than 80 msec, the UE may not expect CSI-RS resources are available
· CSI reporting
· UE doesn’t report semi-persistent CSI configured on PUSCH;
· UE doesn’t report periodic CSI that is L1-RSRP on PUCCH if ps-TransmitPeriodicL1-RSRP is not configured with value true:
· UE doesn’t report periodic CSI that is not L1-RSRP on PUCCH if ps-TransmitOtherPeriodicCSI is not configured with value true.
· SRS
· UE doesn’t transmit periodic SRS and semi-persistent SRS
2.2. UE behavior for cell DTX
Depending on whether UE C-DRX is configured, the following two scenarios should be considered: 
· Scenario 1a: Cell DTX is configured and UE C-DRX is not configured;
· Scenario 2a: Both cell DTX and UE C-DRX are configured.
2.2.1 UE behavior in scenario 1a with cell DTX only
In scenario 1a, only UE behavior on the reception of DL signals and channels will be impacted by cell DTX pattern. Obviously, UE will receive/monitor/measure DL signals and channels as legacy in active period of cell DTX. In non-active period, UE behavior on the following signals and channels are discussed separately:
PDCCH 
Similar with UE C-DRX, UE specific or group common PDCCH is not required to be monitored by UE in non-active period. Specifically, 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.
[bookmark: _Ref131791453]Proposal 1: UE does not monitor PDCCH 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 in non-active period of cell DTX if UE C-DRX is not configured.
CSI-RS excluding TRS
For aperiodic CSI-RS in non-active period of cell DTX, it may be triggered by PDCCH in active period of cell DTX. In this case, there is no need to cancel it due to cell DTX and UE still monitor aperiodic CSI-RS even in non-active period.
For periodical and semi-persistent CSI-RS, UE is not required to perform CSI-RS based measurement in UE C-DRX off period. However, UE may still perform measurements on the CSI-RS(s) per implementation. For cell DTX, CSI-RS will not be transmitted by gNB, so that UE can’t measure them by the implementation. Therefore, in non-active period of cell DTX, UE doesn’t expect CSI-RS(s) to be available and thus no measurement on them.
[bookmark: _Ref131791458]Proposal 2: UE doesn’t not expect periodical/semi-persistent CSI-RS resources excluding TRS are available in non-active period of cell DTX if UE C-DRX is not configured.
TRS
TRS is important for UE to perform time and frequency tracking. If not transmitted in non-active period, UE performance will be strongly impacted. Therefore, it is better to not affect the TRS transmission during the non-activity period for cell DTX.
[bookmark: _Ref131791465]Proposal 3: UE still monitors TRS in non-active period of cell DTX.
PRS
The DL positioning process will definitely use the DL positioning reference signal, that is, PRS. UE needs to measure the RSRP of the PRS or the reach time difference of the PRS to estimate the location of the UE. Therefore, PRS is a high-time-dependent signal, and if its transmission is prohibited during Cell DTX non-active period, it will greatly affect the measurement accuracy of the UE. Thus, it is better for the UE to still monitors PRS during Cell DTX non-active period.
[bookmark: _Ref131540098]Proposal 4: UE still monitors PRS in non-active period of cell DTX.
SPS PDSCH
In order to achieve more network energy saving gain, it is beneficial to forbid transmission of SPS PDSCH in non-active period of cell DTX. 
[bookmark: _Ref131540154]Proposal 5: UE doesn’t monitor SPS PDSCH in non-active period of cell DTX if UE C-DRX is not configured.
Therefore, the following table summarizes UE behavior in non-active period for Cell DTX only case: 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table 1: UE behavior in non-active period for Cell DTX only case
	
	PDCCH
	P/SP CSI-RS (excluding TRS)
	TRS
	PRS
	SPS PDSCH

	UE behavior
	Not monitor
	Not measure
	Monitor
	Monitor
	Not monitor



2.2.2 UE behavior in scenario 2a with both cell DTX and UE C-DRX configured
When both cell DTX and UE C-DRX are configured, different combination cases of active period and non-active period may occur as shown in Figure 1.
[image: ]
[bookmark: _Ref131515457]Figure 1: UE behavior in non-active period for Cell DTX work together with UE C-DRX case
· Case 1: Both cell DTX and UE DRX are active
· Obviously, UE could normally receive any signals/channels. 
· Case 2: cell DTX is active and UE C-DRX is non-active. 
· Following cell DTX, the gNB could transmit all DL signals/channels. 
· Following UE C-DRX, PDCCH and CSI-RS may not be monitored by UE.
· Since UE C-DRX is configured for UE power saving, UE C-DRX behavior should be the baseline in this case.
· Case 3: cell DTX is non-active and UE C-DRX is active.
· Typically, UE C-DRX on-duration should falls within active period of cell DTX. So, this case mainly occurs when active period of UE C-DRX is extended due to the contention resolution or retransmission timer running. This is important for UE’s performance. Thus, the following behavior for active period of UE C-DRX on PDCCH monitoring is the baseline.
· Case 4: cell DTX is non-active and UE C-DRX is non-active.
· The behavior is similar with a little difference on CSI-RS case. Following behavior for non-active period of cell DTX in 2.2.1 is more beneficial for network energy saving.
[bookmark: _Ref131791481]Proposal 6: Support the following UE behavior when cell DTX and UE C-DRX are both configured in Table 2.
[bookmark: _Ref131789104][bookmark: _Ref131789101]Table 2: UE behaviours when cell DTX and UE C-DRX are both configured
	Cell DTX
	UE DRX
	UE behavior

	active
	active
	Normal 

	active
	Non-active
	Follow behavior for non-active period of UE C-DRX

	Non-active
	active
	Follow behavior for active period of UE C-DRX on PDCCH monitoring

	Non-active
	Non-active
	Follow behavior for non-active period of cell DTX in 2.2.1


2.3. UE behavior in non-active period of cell DRX
Depending on whether UE C-DRX is configured, the following two cases should be considered: 
· Scenario 1b: Cell DRX is configured and UE C-DRX is not configured;
· Scenario 2b: Both cell DRX and UE C-DRX are configured.
2.3.1 UE behavior in scenario 1b with cell DRX only
In scenario 1, only UE behavior on the transmission of UL signals and channels will be impacted by cell DRX pattern. Obviously, UE will transmit UL signals and channels as legacy in active period of cell DRX. In non-active period, UE behavior on the following signals and channels are discussed separately:

PUCCH carrying SR
The purpose of SR is to request uplink scheduling resources from the network. First, based on the gNB implementation, the gNB could configure the SR resources in the Cell DRX active period. Second, if some SR resources are configured in the non-active period of Cell DRX, then for UEs with urgent data upload requirements, they can send SR at the last available Cell DRX resource; for other UEs, they can send SR at the next available Cell DRX resource. Definitely, this approach may have an impact on UE performance, but the impact is acceptable. Thus, UE does not need to transmit SR during non-active period of Cell DRX.
[bookmark: _Ref131540158]Proposal 7: UE does not need to transmit SR in non-active period of Cell DRX.

PUCCH carrying HARQ
HARQ feedback is important for UE’s performance. Skipping HARQ feedback of already-transmitted PDSCH(s) may have strong impact on UE’s performance. 
[bookmark: _Ref131540163]Proposal 8: UE needs to transmit PUCCH carrying HARQ for transmitted PDSCH in non-active period of Cell DRX.

PUCCH/PUSCH carrying CSI
Similar to that in UE C-DRX, periodical or semi-persistent CSI can be skipped in non-active period of cell DRX.
[bookmark: _Ref131791496]Proposal 9: UE does not need to transmit PUCCH/PUSCH carrying periodical or semi-persistent CSI in non-active period of Cell DRX.

Periodic/Semi-Static SRS
Similar to that in UE C-DRX, periodic/semi-static SRS can be skipped in non-active period of cell DRX.
[bookmark: _Ref131791500][bookmark: _Ref131540169]Proposal 10: UE does not need to transmit periodical or semi-persistent SRS in non-active period of Cell DRX.
[bookmark: _GoBack]CG-PUSCH
Similar to SPS-PDSCH, UE doesn’t need to transmit CG PDSCH during Cell DRX non-active period for network energy saving purpose.
[bookmark: _Ref131540173]Proposal 11: UE doesn’t need to transmit CG PUSCH in non-active period of cell DRX.
Therefore, the following table summarizes UE behavior in non-active period for Cell DRX only case: 
Table 3: UE behavior in non-active period for Cell DRX only case
	
	SR
	HARQ
	CSI
	P/SP SRS
	CG PUSCH

	UE behavior
	Not transmit
	Transmit
	Not transmit
	Not transmit
	Not transmit



2.3.2 UE behavior in scenario 2b with both cell DRX and UE C-DRX configured
When both cell DTX and UE C-DRX are configured, different combination cases of active period and non-active period may occur as shown in Figure 2:
[image: ]
[bookmark: _Ref131790904]Figure 2: UE behavior when both cell DRX and UE C-DRX are configured
· Case 1: Both cell DRX and UE DRX are active
· Obviously, UE could normally transmit any signals/channels. 
· Case 2: cell DRX is active and UE C-DRX is non-active. 
· Since UE C-DRX is configured for UE power saving, UE C-DRX behavior should be the baseline in this case.
· Case 3: cell DRX is non-active and UE C-DRX is active.
· Following cell DRX in non-active period is beneficial for network energy saving
· Case 4: cell DTX is non-active and UE C-DRX is non-active.
· Following cell DRX in non-active period is beneficial for network energy saving
[bookmark: _Ref131791514]Proposal 12: Support the following UE behavior when cell DRX and UE C-DRX are both configured in Table 4
[bookmark: _Ref131791075]Table 4: UE behavior when cell DRX and UE C-DRX are both configured
	Cell DRX
	UE DRX
	UE behavior

	active
	active
	Normal 

	active
	Non-active
	Follow behavior for non-active period of UE DRX

	Non-active
	active
	Follow behavior for non-active period of cell DRX

	Non-active
	Non-active
	Follow behavior for non-active period of cell DRX


2.4. UE DRX alignment
DRX on time is typically distributed between UEs so that gNB can schedule PDSCH/PUSCH in different time periods in normal mode, as shown in Figure 3. In this case, PDCCH transmission and scheduled PDSCH/PUSCH by the PDCCH for different UEs are distributed in time from gNB side. Currently, only RRC re-configuration is the only way to perform DRX parameter adaptation. The introduction of L1/L2 signaling to achieve DRX adaptation is needed to enable fast switching between normal mode and implicit cell DTX/DRX mode.
[image: ]
(a) Normal mode: UEs have different DRX distributions             (b) NES mode: Alignment of UE DRX
[bookmark: _Ref131539973]Figure 3: UE DRX distribution for the normal mode and the NES mode
In terms of energy saving benefit, NES gain is observed for evaluation of UE C-DRX alignment:
Based on 6 sources results, semi-static UE C-DRX alignment achieves BS energy savings gain by 0.2%~71.4% depending on the traffic, UE DRX configurations, and the assumed baseline, e.g., random DRX offset per UE, or gNB is always ON to provide service to the UE. At low or light traffic load cases, 4 sources show that the gain can be 14.4%~71.4%, while 3 sources show less than 6.7% gain, depending on whether BS and UE active duration are aligned or not; at medium load case, 2 sources show network energy saving gain can be 4.8%~47.8%. According to one source, dropping SSB outside UE active time can achieve the energy savings by 14.4%~70.1% and it is assumed that the UE active durations are aligned and the potential impact on synchronization and UE measurement outside the UE duration is not considered.
[bookmark: _Ref131540176]Proposal 13: Support UE DRX alignment via group common L1 signalling.
3. Conclusion
In this contribution, the techniques for enhancements on the DTX/DRX mechanism were discussed, and proposals are summarized as follows:
Proposal 1: UE does not monitor PDCCH 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 in non-active period of cell DTX if UE C-DRX is not configured.
Proposal 2: UE doesn’t not expect periodical/semi-persistent CSI-RS resources excluding TRS are available in non-active period of cell DTX if UE C-DRX is not configured.
Proposal 3: UE still monitors TRS in non-active period of cell DTX.
Proposal 4: UE still monitors PRS in non-active period of cell DTX.
Proposal 5: UE doesn’t monitor SPS PDSCH in non-active period of cell DTX if UE C-DRX is not configured.
Proposal 6: Support the following UE behavior when cell DTX and UE C-DRX are both configured in Table 2.
Proposal 7: UE does not need to transmit SR in non-active period of Cell DRX.
Proposal 8: UE needs to transmit PUCCH carrying HARQ for transmitted PDSCH in non-active period of Cell DRX.
Proposal 9: UE does not need to transmit PUCCH/PUSCH carrying periodical or semi-persistent CSI in non-active period of Cell DRX.
Proposal 10: UE does not need to transmit periodical or semi-persistent SRS in non-active period of Cell DRX.
Proposal 11: UE doesn’t need to transmit CG PUSCH in non-active period of cell DRX.
Proposal 12: Support the following UE behavior when cell DRX and UE C-DRX are both configured in Table 4
Proposal 13: Support UE DRX alignment via group common L1 signalling.
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