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1 [bookmark: _Ref4817]Introduction
The new work item on network energy savings was approved[1] during RAN#99 meeting, techniques in time/frequency/spatial/power domain will be specified. The time domain enhancement includes cell DTX/DRX, and the corresponding objective is as following,
	1. 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 this contribution, we will give our consideration on the RAN1 related enhancement for cell DTX/DRX.
2.Discussion on cell DTX/DRX 
By defining cell DTX/DRX, more inactive chances can be made for gNB to enter sleep, and the power consumption of gNB can be reduced. The following issues need to be considered when cell DTX/DRX is introduced.
· Dependence of cell DTX and DRX configuration 
Cell DTX and DRX are related to gNB transmission and reception respectively. Whether configuration of DTX and DRX has dependencies needs to be discussed. According to TR38.864, the power consumption of downlink is much higher than uplink, as shown in Table.1, which corresponds to table 5.1-3 in TR38.864. It can be seen that for BS category 1, the power consumption of active DL is two times of that of active uplink, while for BS category 2, the power consumption of active DL is more than four times of that of active uplink. So downlink DTX is more important for gNB power saving.
Table.1 Relative power values P for reference configuration Set 1, Set 2 and Set 3 ( Table 5.1-3 in TR38.864)
	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


As shown in Figure.1(a), when only cell DTX is configured, gNB will keep reception, while the DL transmission of most signals/channels can be omitted during non active duration defined by cell DTX. So the power saving gain mainly comes from reducing active downlink transmission. This case is useful for low load scenarios, gNB can saving power for some downlink period transmission but keep detection of possible uplink scheduling request.
When only cell DRX is configured, as shown in Figure.1(b), PDCCH scheduling for DL can happen all the time, and gNB also needs to keep the DL transmission such as periodic signals/channels. The power saving gain comes from non active time for gNB defined by cell DRX. This may be useful for use cases that most traffic for UEs are downlink. However, the channel status and HARQ feedback may be impacted, also the uplink SRS may also be impacted, as a result, the downlink transmission efficiency will decrease.
When both DL and UL traffic is small, cell DTX and DRX can be configured simultaneously, in this case, the UE experience will not be impacted since both DL and UL have little traffic.
Therefore, we think independent DTX and simultaneous DTX/DRX can be considered. Whether DRX can be configured independently can be further studied.
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Figure.1 configuration of cell DTX/DRX
Proposal 1: Independent DTX configuration and simultaneous DTX/DRX configuration are both supported, whether independent DRX configuration is supported can be further studied.
· Definition of cell DTX/DRX parameters
Similar to UE DRX, to maintain common understanding of active and non-active time for gNB and UE, DTX and DRX parameters need to be defined, such as periodicity, start offset, slot offset, on duration timer, inactivity timer.
Whether DRX and DTX share the same parameters or use separate parameters when both are configured also needs to be discussed. Common parameters can align the active time of cell DTX and DRX, the power saving gain and user experience can be improved. 
Proposal 2: Parameters such as periodicity, start offset, slot offset, on duration timer, inactivity timer need to be defined for cell DTX/DRX.
· gNB and UE behavior for active and non-active time
During UE DRX non active time, 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 as described in TS38.321. UE also does not transmit periodic SRS and semi-persistent SRS, not report CSI. So for cell DTX and DRX, similar restriction for gNB transmission and reception should be defined.
According to the WID, SSB transmission is not changed due to cell DTX/DRX. To our understanding, this is to reduce impact to idle/inactive UEs, similarly, SIB1 related PDCCH and PDSCH will also keep unchanged. And UE specific periodicity transmission can be omitted.
Then for gNB DTX, gNB can stop transmission of 
· PDCCH scrambled by same kinds of RNTIs as UE DRX
· periodic/semi-static CSI-RS
· SPS PDSCH
· PRS
For gNB DRX, gNB can stop reception of 
· SRS
· PUCCH carrying SR, CSI report or HARQ-ACK
· PUSCH 
When CSI-RS or SRS are not transmitted, the channel measurement will be affected, to avoid performance loss due to no CSI-RS or SRS, an alternative way can be increased periodicity for such reference signals.
Proposal 3: For gNB DTX, gNB can stop transmission of 
· PDCCH scrambled by same kinds of RNTIs as UE DRX
· periodic/semi-static CSI-RS
· SPS PDSCH
· PRS
Proposal 4: For gNB DRX, gNB can stop reception of 
· SRS
· PUCCH carrying SR, CSI report or HARQ-ACK
· PUSCH
Proposal 5: To reduce performance loss of no CSI-RS or SRS transmission during cell DTX/DRX, CSI-RS or SRS can be transmitted with a larger periodicity.

· How to indicate the cell DTX/DRX
The cell DTX/DRX parameters can be configured by RRC. And once they are configured, cell DTX/DRX start working, this means semi-static configuration method is used for cell DTX/DRX. However, semi-static way is not flexible enough for gNB power saving. For example, when gNB has finished the transmission of UE traffic, and expects no uplink and downlink transmission in the new future, if dynamic indication 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.
Proposal 6: Dynamic indication of cell DTX/DRX is supported.
· Alignment cell DTX/DRX 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.2, 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 falls 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.
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Figure.2 Unaligned UE DRX configurations and cell DTX/DRX
To solve above problem, 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 at the same time with indication of cell DTX/DRX. As shown in Figure.3, 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 this dynamic way, gNB can turn on/off the cell DTX/DRX flexibly, and also 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. So we make the following proposals.
Proposal 7: Alignment of cell DTX/DRX and UE DRX can be triggered dynamically.
Proposal 8: Activation of cell DTX/DRX and alignment of cell DTX/DRX and UE DRX can share the same indication.
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Figure.3 Dynamic alignment of UE 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: Independent DTX configuration and simultaneous DTX/DRX configuration are both supported, whether independent DRX configuration is supported can be further studied.
Proposal 2: Parameters such as periodicity, start offset, slot offset, on duration timer, inactivity timer need to be defined for cell DTX/DRX.
Proposal 3: For gNB DTX, gNB can stop transmission of 
· PDCCH scrambled by same kinds of RNTIs as UE DRX
· periodic/semi-static CSI-RS
· SPS PDSCH
· PRS
Proposal 4: For gNB DRX, gNB can stop reception of 
· SRS
· PUCCH carrying SR, CSI report or HARQ-ACK
· PUSCH
Proposal 5: To reduce performance loss of no CSI-RS or SRS transmission during cell DTX/DRX, CSI-RS or SRS can be transmitted with a larger periodicity.
Proposal 6: Dynamic indication of cell DTX/DRX is supported.
Proposal 7: Alignment of cell DTX/DRX and UE DRX can be triggered dynamically.
Proposal 8: Activation of cell DTX/DRX and alignment of cell DTX/DRX and UE DRX can share the same indication.
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