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Introduction
RAN1 has finalized Rel-16 UE power saving work item and the agreements from RAN1 #96bis through #99 have been captured in the corresponding Rel-16 technical specification documents. There are nevertheless some important issues that either have not been fully covered or need further discussion. 
In this contribution, several important remaining issues in our view will be discussed, and TP will be provided for the proposals.
Remaining issues for further clarification
Minimum time gap values
In RAN1 #100e, the following agreements have been made:
	Agreements
Candidate values for the minimum time gap are specified by RAN1 and shared with RAN4
·       Minimum time gap is no more than 3 ms for all SCSs
·       Two values of minimum time gap for each SCS are proposed as
· SCS 15kHz: {TBD, TBD} slots
· SCS 30kHz {TBD,  TBD} slots
· SCS 60kHz {TBD, TBD} slots
· SCS 120kHz {TBD, TBD} slots


During the Rel-16 power saving study [1], RAN1 considered various aspects of frontend and baseband processing associated with the WUS-triggered wake-up procedure. For example, the UE can scale clock/voltage, change RF frontend states, and reduce the number of Rx antennas during the WUS MO to save power. Although the actual power saving scheme is up to UE’s implementation, imposing too small values for the minimum time gap may restrict the implementation flexibility, which may also reduce the overall benefit of WUS. Thus, as the choices are quite limited, i.e., two per SCS, it would be desirable to avoid too small values for the UE capability of minimum time gap. 
Considering potential power-efficient wake-up procedures, it seems that BWP switching is a good proxy. Since the WUS on SpCell can trigger DRX Active Time on multiple SCells of different SCS, the maximum value of Type 2 BWP switching delay over all SCS, i.e., 3ms, would be a good candidate for the upper set of values. For the lower set of values, Type 1 BWP switching delay may also be assumed.
[bookmark: _Toc37443660]Proposal 1: For the reported UE capability on the minimum time gap, the following sets of values can be considered:
· SCS 15kHz: {1, 3} slots
· SCS 30kHz: {2, 6} slots
· SCS 60kHz: {3, 12} slots
· SCS 120kHz: {6, 24} slots

Periodic CSI reporting with WUS
Related to the CSI reporting behavior when PDCCH-WUS is configured, the following agreement has been made in RAN1 #99 and #100e:
	Agreements:
When drx_OnDurationTimer does not start, RAN1 agrees the following report(s) are impacted by the WUS indication
· SP L1-RSRP reporting 
· SP-CSI
· SRS
Except:
· by configuration, whether or not for periodic L1-RSRP reporting
· by configuration, whether or not for periodic CSI
· By default, both the above two are also impacted by the WUS indication
Note: for the above two bullets (under Except), no additional RAN1 impact is expected in Rel-16

Agreement:
P-CSI and L1-RSRP reports are independently configured and to allow UE only to report periodic CSI apart from L1-RSRP.


In the agreements above, motivated by the distinctive purposes of CSI (apart from L1-RSRP) and L1-RSRP, separation in the configurability of those two types of report quantities has been agreed. However, from the agreements, it is not clear to which party L1-SINR should belong. In a literal sense of the RAN1 #100e agreement above, L1-SINR should be included in “CSI apart from L1-RSRP”. However, considering the purpose of L1-SINR reporting (i.e., beam management), it seems more suitable to be bundled with L1-RSRP. 
In fact, during Rel-16 discussion related to the aforementioned RAN1 #99 agreement, L1-SINR was overlooked due to lack of time, and also because it was a new Rel-16 feature that was parallelly discussed in Rel-16. However, following the spirit underlying the agreements above, we believe the same principle should be extended for L1-SINR. In other words, when the UE is configured to monitor DCI format 2_6, by configuration, the UE should be allowed to transmit periodic L1-SINR report (i.e., reportQuantity set to ‘cri-SINR’ or ‘ssb-Index-SINR’) during the timer duration indicated by drx-onDurationTimer outside DRX Active Time. There can be several configuration options to enable this.
· Option 1) Bundle the configuration flag that enables periodic L1-SINR reporting with the one for CSI (PS_Periodic_CSI_TransmitOrNot).
· Option 2) Bundle the configuration flag that enables periodic L1-SINR reporting with the one for L1-RSRP (PS_Periodic_L1-RSRP_TransmitOrNot).
· Option 3) Introduce a new configuration flag that enables periodic L1-SINR reporting (apart from other CSI and L1-RSRP).
As discussed above, considering the main use cases of L1-SINR reporting, Option 1 may not be a viable option. Therefore, it is suggested that the RAN1 discussion should be focused on Options 2 and 3 above.
[bookmark: _Toc37443661]Proposal 2: If a UE is configured to monitor DCI format 2_6, it can also be configured to report L1-SINR during the time duration indicated by drx-onDurationTimer outside DRX Active Time.

Secondary DRX groups
In RAN2 #108, the following agreements have been made regarding the configuration of a secondary DRX group, particularly in FR1+FR2 mixed CA cases:
	 Conditional on R1 acceptance (RAN2 #108): 
· A separate drx-InactivityTimer and drx-onDurationTimer can be configured for the secondary DRX group. R2 understands that this has zero or almost zero impact in R1 and R4
· The combination of cross-carrier scheduling and secondary DRX group is not supported
· FFS if timers for FR2 DRX configuration are shorter than timers for FR1 DRX configuration.
· The intention is to apply secondary DRX configuration to FR2 and existing DRX configuration to FR1 
· We send an LS to R1, ask whether there is impact, and if so whether the impact is acceptable.


In the LS [4], RAN2 asked RAN1 to confirm whether there is no RAN1 impact, or little impact that is acceptable. In RAN1 #100e, no consensus was reached on how to reply the LS. The main concern raised during the discussion was that the notion of the secondary DRX group may not be compatible with existing CSI-RS measurement and reporting procedures, and also with Rel-16 power saving schemes. 
In our view, although some potential spec-related issues were discussed in RAN1 #100e, they were either non-critical, or a matter of optimization or enhancement, which could be issues of future releases. Based on in-depth analyses provided in the following subclauses, adopting secondary DRX group has only minor RAN1 impact, which is easily resolvable with some clarification in the spec text – the relevant text proposals have been provided in the Appendix. 

Periodic and semi-persistent CSI
For CSI report configured on PUCCH (either P-CSI or SP-CSI on PUCCH), we see two possible scenarios as follows. 
1) If there is a PUCCH configured within each DRX group (i.e., DRX groups #1 and #2 in Figure 1), then network can always configure the reporting carrier to be within the same DRX group as the reported carrier(s). Consequently, the legacy behavior for CSI reporting can be applied to individual DRX group, i.e. if a DRX group is not in active time, no P/SP-CSI on PUCCH for any carriers in that DRX group shall be reported. 
2) If there is only one PUCCH configured for the MAC entity (without loss of generality, we may assume this PUCCH is configured in DRX group #1 in Figure 1), if reported carriers are in the same DRX group as PUCCH, then UE can follow the legacy behavior. Otherwise, there are two possibilities, as illustrated in Figure 1. 
In Scenario A, DRX group #1 is in Active Time but DRX group #2 is not. If there are prior measurements within DRX Active Time of reported carriers, then according to the current specification quoted in Table 1, UE can report the most recent measurement which is located inside DRX Active Time. This behavior would have minimal impact on UE power consumption, because no new measurement on the reported carries needs to be taken outside their DRX Active Time. Moreover, it still allows the common practice of multiplexing CSIs from different carriers to be applied, even when reporting carrier and reported carriers are in different DRX groups. 
In Scenario B, DRX group #1 is not in active time at the reporting occasion of the CSI but DRX group #2 is. We do not think this is a scenario worth discussing, for the following reasons. Assuming DRX group #2 is in FR2 while DRX group #1 is in FR1, as long as FR2 carriers are in active time, we think it is desirable for FR2 carriers to continue reporting CSIs, because that would help network schedule better. However, we do not see any justification for a design in which network keeps FR1 carriers ourside DRX Active Time and periodically bring them up for the sole purpose of transmitting CSI reports for FR2 carriers. In our view, the fact that network keeps FR2 carriers active implies there is still data to be scheduled. Hence it is more resource efficient, as well as power efficient, for network to use both FR1 and FR2 carriers, so that both DRX groups can terminate their active time sooner. By this reasoning, we think a sensible network implementation should keep FR1 carriers active as long as FR2 carriers are active. Then reporting CSI for FR2 carriers over PUCCH (which is in FR1) is not an issue, i.e. UE simply follows the legacy behavior in both DRX groups.    



[bookmark: _Ref37426457]Figure 1. P/SP-CSI on PUCCH when two DRX groups are in different DRX states
Based on the analysis of the above two cases, we can conclude that P/SP-CSI for any reported carrier(s) is sent on PUCCH only if the reporting carrier is in DRX active time. 
We think this behavior can be easily extended to P/SP-CSI on PUSCH, because network can always configure the reporting PUSCH resource on a carrier in the same DRX group as the reported carrier(s). Even if network chooses not to do so for whatever reason, the same arguments for the case of single PUCCH above can be applies too.  
As a summary, we tabulate UE behaviors for P/SP-CSI reporting in Table 2:
[bookmark: _Ref37426852]Table 1. UE behavior for P/SP-CSI report based on DRX states of reporting and reported carriers
	DRX state
	Reported carrier(s) in active time
	Reported carrier(s) outside active time

	PUCCH carrier in active time
	UE reports CSIs as configured (reported carrier can be either FR1 or FR2)
	UE reports the most recent CSI measurement taken in DRX active time of reported carrier(s), per current RAN1 spec (TS38.214, 5.1.6.1)

	PUCCH carrier outside active time
	Not applicable
	No CSI is reported


We therefore propose the following.
[bookmark: _Toc37443662]Proposal 3: UE reports periodic or semi-persistent CSI for any reported carrier(s) only when the reporting carrier for the CSI is in DRX active time, unless that CSI can be multiplexed in an overlapping PUSCH resource (as in legacy).

WUS and DRX group
Since Rel-16 RAN1 UE power saving work item has been finalized, it is not desirable to introduce any new design or enhancement of WUS to support DRX groups. Thus, the discussion should be focused on whether the existing WUS procedures can be applied to DRX groups without change. 
With that limitation in mind, we think the following existing agreements on WUS are most relevant to DRX group:
P1. WUS is configured on SpCell only;
P2. If UE is in DRX active time, it does not monitor WUS occasion and starts on duration timer at the next occurrence of the timer;  
P3. WUS indication applies to all cells; it does not support cell-level indications (i.e. different subset of cells can’t have its own individual indications). 
P4. Upon reception of a wake up indication, UE starts DRX on duration timer at its next occurrence. 
To apply the above agreements to DRX groups, we think
· We have to keep P1 as is, i.e. secondary DRX group can’t have its own WUS configuration. 
· We have to interpret the “active time” in P2 as the one for SpCell. Because otherwise, any other definitions would require changes to the current RAN1 agreements. In addition, if a WUS occasion is located inside DRX active time and hence is not monitored, UE starts on duration timers of both DRX groups at their next occurrences, as required by the current agreements. This behavior is illustrated in Figure 2.
· Per P3, WUS indication should be applied to all carriers in both DRX groups. Since there are two on duration timers, this means that we should interpret P4 as that UE starts DRX on duration timers at their respective next occurrence. We think this interpretation is a sensible one, for the following reasons.



[bookmark: _Ref28761307][bookmark: _Ref28761296]Figure 2. If WUS is not monitored, UE starts on duration timers of both DRX groups at their next occurrence.
In typical scenarios, since both DRX groups use long DRX cycle. they start their on duration timers at the same time. This behavior then is the same as that in legacy, i.e. WUS indication triggers all carriers to wake up at the same time.  
If short DRX cycle is configured, there can be scenarios where one group uses short DRX cycle and the other uses long DRX cycle. That would cause the latter group to start its next DRX cycle later than the other group. If RAN1’s current working assumption that WUS is not configured for short DRX cycle eventually becomes an agreement, then we do not have to consider this scenario. If that working agreement is reverted, this behavior still works and yet does not require change to the current RAN1 spec. This point is illustrated in Figure 3. In the figure, there are multiple WUS occasions on SpCell before the next occurrence of on duration timer for DRX group #2. Even if multiple WUS indications, which can be different, before DRX group #2 starts its next cycle, it is the last WUS indication right before DRX group #2 starts its next cycle decides whether DRX group #2 starts its on duration timer or not. 


[bookmark: _Ref28761906]Figure 3. WUS procedure when DRX groups use different types of DRX cycles, if WUS can be configured for short DRX cycle.

Based on the analysis above, we conclude that all existing RAN1/RAN2 agreements on WUS can be applied without change, if secondary DRX group is configured.

[bookmark: _Toc37443663]Proposal 4: PDCCH-WUS can be configured together with DRX groups and the existing RAN1 and RAN2 agreements on PDCCH-WUS are applied without any changes. More specifically, when DRX groups are configured,
· PDCCH-WUS is configured only on SpCell and UE does not monitor PDCCH-WUS if SpCell is in DRX Active Time;
· If a PDCCH-WUS occasion is not monitored because UE is already in Active Time on SpCell, UE starts DRX on duration timer of both DRX groups at their respective next occurrence;
· If a PDCCH-WUS occasion is monitored, upon a wakeup indication, UE starts DRX on duration timers of both DRX groups at their respective next occurrence;
· If no PDCCH-WUS is detected, UE follows configuration of ps-WakeupOrNot for both DRX groups at their respective next occurrence of DRX on duration.

Conclusion
Proposal 1: For the reported UE capability on the minimum time gap, the following sets of values can be considered:
· SCS 15kHz: {1, 3} slots
· SCS 30kHz: {2, 6} slots
· SCS 60kHz: {3, 12} slots
· SCS 120kHz: {6, 24} slots
Proposal 2: If a UE is configured to monitor DCI format 2_6, it can also be configured to report L1-SINR during the time duration indicated by drx-onDurationTimer outside DRX Active Time.
Proposal 3: UE reports periodic or semi-persistent CSI for any reported carrier(s) only when the reporting carrier for the CSI is in DRX active time, unless that CSI can be multiplexed in an overlapping PUSCH resource (as in legacy).
Proposal 4: PDCCH-WUS can be configured together with DRX groups and the existing RAN1 and RAN2 agreements on PDCCH-WUS are applied without any changes. More specifically, when DRX groups are configured,
· PDCCH-WUS is configured only on SpCell and UE does not monitor PDCCH-WUS if SpCell is in DRX Active Time;
· If a PDCCH-WUS occasion is not monitored because UE is already in Active Time on SpCell, UE starts DRX on duration timer of both DRX groups at their respective next occurrence;
· [bookmark: _GoBack]If a PDCCH-WUS occasion is monitored, upon a wakeup indication, UE starts DRX on duration timers of both DRX groups at their respective next occurrence;
· If no PDCCH-WUS is detected, UE follows configuration of ps-WakeupOrNot for both DRX groups at their respective next occurrence of DRX on duration.
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Appendix
Text proposals for TS 38.214: DRX groups
Based on the discussion in Section   , the following changes are proposed for TS 38.214.
[bookmark: _Hlk37283408]============TP for TS 38.214 Section 5.2.2.5====================================
--Unchanged part omitted------------------------
If the UE is configured with DRX, 
-	if  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion on a serving cell occurs in DRX active time of the serving cell or during the time duration indicated by drx-onDurationTimer also outside DRX active time of the serving cell for CSI to be reported;
-	if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter[PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ and reportQuantity set to cri-RSRP when drx-onDurationTimer is not started, the most recent CSI measurement occasion on a serving cell occurs in DRX active time of the serving cell or during the time duration indicated by drx-onDurationTimer also outside DRX active time of the serving cell for CSI to be reported;
-	otherwise, the most recent CSI measurement occasion on a serving cell occurs in DRX active time of the serving cell for CSI to be reported.
--Unchanged part omitted------------------------
=======================================================================

============TP for TS 38.214 Section 5.1.6.1.3===================================
--Unchanged part omitted------------------------
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time of a serving cell for measurements based on CSI-RS-Resource-Mobility configured for the serving cell. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer of the serving cell based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time of a serving cell for measurements based on CSI-RS-Resource-Mobility configured for the serving cell. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer of the serving cell for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
--Unchanged part omitted------------------------
=======================================================================

============TP for TS 38.214 Section 5.2.2.5===================================
--Unchanged part omitted------------------------
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement on a serving cell in DRX Active Time of the cell no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in Clause 5.2.1.4. if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement on a serving cell during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time of the cell no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ and reportQuantity set to ‘cri-RSRP’ or ‘ssb-Index-RSRP’ when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4. and when reportQuantity set to ‘cri-RSRP’ if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement on a serving cell during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time of the cell no later than CSI reference resource and drops the report otherwise.
--Unchanged part omitted------------------------
=======================================================================

Text proposals for TS 38.213: DRX groups
Based on the discussion in Section   , the following changes are proposed for TS 38.213.
============TP for TS 38.213 Section 10.3======================================
--Unchanged part omitted------------------------
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimers of all configured DRX groups for the next long DRX cycle when a value of the Wake-up indication bit is '0', and
-	the UE starts the drx-onDurationTimers of all configured DRX groups for the next long DRX cycle when a value of the Wake-up indication bit is '1'
--Unchanged part omitted------------------------
The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time of the PCell or PSCell [11, TS 38.321].
--Unchanged part omitted------------------------
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimers of all configured DRX groups for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimers of all configured DRX groups for the next DRX cycle
[bookmark: _Hlk37283530]--Unchanged part omitted------------------------
[bookmark: _Hlk37283558]=======================================================================
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