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Introduction
In this contribution, we discuss the remaining issues on UE power saving enhancements.

Enhancements for idle/inactive mode UE power saving
UE_ID ambiguity
In current [1], equation for the starting position of bitmap for PEI is the same for non-subgroup case and subgroup case, and thus there is a unique UE_ID for non-subgroup case and subgroup case.
	For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , , , and  are defined in [17, TS 38.304].


However, the values of UE_ID for non-subgroup case and subgroup case are different in current 38.304 [2].
In Clause 7.1 of 38.304, UE_ID is defined as follows.
	UE_ID:
If an eDRX cycle is configured by RRC or upper layers and eDRX-Allowed is signalled in SIB1:
-	5G-S-TMSI mod 4096
else:
-	5G-S-TMSI mod 1024


In Clause 7.3.2, UE_ID is defined as follows.
	UE_ID: 5G-S-TMSI mod X, where X is 32768, if eDRX is applied; otherwise, X is 8192


Therefore, a clarification is needed in 38.213 to differentiate UE_ID for non-subgroup case and subgroup case, and the corresponding Text Proposal in Appendix A.1 can be considered.
Proposal 1: A clarification is needed in 38.213 to differentiate UE_ID for non-subgroup case and subgroup case. Consider the Text Proposal in Appendix A.1.

PEI is confined in the initial DL BWP
There is explicit statement that TRS in idle/inactive mode is within the initial DL BWP.
	-	UE is not required to receive TRS occasions outside the initial DL BWP.


However, there is no explicit statement that PEI is within the initial DL BWP. Therefore, to avoid any ambiguity, a clarification is needed that PEI should be in the initial DL BWP.
Proposal 2: A clarification is needed that PEI should be in the initial DL BWP. Consider the Text Proposal in Appendix A.2.

PEI and paging are in the same initial DL BWP
For non-RedCap UEs in idle/inactive mode, paging search space is only configured in the initial DL BWP which always contains CD-SSB and the entire CORESET#0. As well, PEI search space is only configured in the initial DL BWP. In fact, there is only one initial DL BWP for non-RedCap UE in idle/inactive mode. Hence, for non-RedCap UEs in idle/inactive mode, PEI search space and paging search space always share the same initial DL BWP.
For RedCap UE in idle/inactive mode, if the separate initial DL BWP is configured and if the separate initial DL BWP does not contain the entire CORESET#0, RedCap UE should monitor paging/SIB1/OSI in an initial DL BWP, in which LocationAndBandwidth applies the CORESET#0, but monitor RAR in the separate initial DL BWP. It is common understanding, since it can avoid any possibility of BWP switching (RF retuning) between PEI and paging reception, which significantly reduces the power saving gain.
However, there is no explicit statement that RedCap UE monitors PEI in the initial BWP same as monitoring paging. Therefore, to avoid any ambiguity, a clarification is needed that PEI search space and paging search space should share the same initial DL BWP. Alternatively, a clarification can be that PEI search space cannot configured like paging/SIB1/OSI search space, if the initial DL BWP does not contain CD-SSB or CORESET#0.
Proposal 3: A clarification is needed that for RedCap UE in idle/inactive mode, PEI search space and paging search space should share the same initial DL BWP (See Appendix A.2). Alternatively, a clarification can be that PEI search space cannot configured, if the initial DL BWP does not contain CD-SSB or CORESET#0 (See Appendix A.3).

Power saving techniques for connected mode UEs
Interacting with retransmission timer
According to [3], drx-HARQ-RTT-TimerUL is started after each UL transmission. 
	1>	if a DRX group is in Active Time:
2>	if the PDCCH indicates a UL transmission:
3>	if this Serving Cell is configured with uplinkHARQ-Mode:
…
3>	else:
4>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.


And drx-HARQ-RTT-TimerDL is started after DL HARQ feedback.
	1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission; or
2>	if the PDCCH indicates a one-shot HARQ feedback as specified in clause 9.1.4 of TS 38.213 [6]; or
2>	if the PDCCH indicates a retransmission of HARQ feedback as specified in clause 9.1.5 of TS 38.213 [6]:
3>	if this Serving Cell is configured with downlinkHARQ-FeedbackDisabled:
…
3>	else:
4>	start or restart the drx-HARQ-RTT-TimerDL for the corresponding HARQ process(es) whose HARQ feedback is reported in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.


On the other hand, drx-RetransmissionTimerUL and drx-RetransmissionTimerUL are both started after the expiry of drx-HARQ-RTT-TimerUL and drx-HARQ-RTT-TimerUL repectively.
	1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.


Hence, companies preferred to discuss drx-RetransmissionTimerDL and drx-RetransmissionTimerUL.

R17 SSSG switching interacting with retransmission timer
For R17 SSSG switching, there is always an SSSG group that can carry the scheduling PDCCH. There is no any issue if R17 SSSG switching does not interact with the retransmission timers.
Proposal 4: R17 SSSG switching does not interact with the retransmission timer. 

R17 PDCCH skipping interacting with retransmission timer
Different from R17 SSSG switching, UE in PDCCH skipping duration cannot monitor PDCCH and will miss the opportunity of retransmission scheduling. There are two options to handle this case:
· Option 1: UE applies PDCCH skipping after the expiry of retransmission timer;
· Option 2: UE can applies PDCCH skipping before the expiry of retransmission timer;
In our view, Option 1 will reduce the power saving gain significantly. Option 2 will introduce the latency of retransmission scheduling, but it can be mitigate by indication of the small value of PDCCH skipping during, because there are multiple PDCCH skipping duration with 2 bits indication. In fact, the large skipping during, e.g. 100ms, is not for general cases, and gNB can use successive multiple small skipping durations, e.g. ten times of 10ms, to replace the large skipping duration. Therefore, we prefer Option 2.
Proposal 5: R17 PDCCH skipping does not interact with the retransmission timer.

Counting PDCCH skipping outside active time
In RAN1#109e, there were two alternatives for counting PDCCH skipping outside active time.
	Agreement
Down-select from the followings,
Alt-1
· The PDCCH skipping applies only in active time. The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not
Alt-2
· The PDCCH skipping applies only in active time. PDCCH skipping is terminated when UE goes into outside active time.


Similar to discussion in Section 3.1.2, we think the large skipping duration, e.g. 100ms, is not for general cases. It is not so feasible that gNB can predict the traffic after the large skipping duration. In this sense, it is not meaningful that PDCCH skipping duration decrements outside active time.
On other hand, so far, active time is a continuous time duration equal to or larger than onDurationTimer. So, there is a relatively fixed repeated pattern of time durations. The skipping duration across this pattern of time durations will be complicated for time resource allocations at network side. 
Furthermore, it should be noted that not only PDCCH monitoring is related to active time, but also CSI-RS resource availability, CSI calculation and CSI reference resource are all related to active time. The skipping duration across a set of active time will cause the new consideration of UE behaviours regarding asymmetric CSI processing and PDCCH monitoring.
Therefore, we prefer Alt-2.
Proposal 6: Support Alt-2, i.e. PDCCH skipping applies only in active time, and PDCCH skipping is terminated when UE goes into outside active time.

[bookmark: _Ref494215420]Conclusion
In the contribution, we have the following proposals.
Proposal 1: A clarification is needed in 38.213 to differentiate UE_ID for non-subgroup case and subgroup case. Consider the Text Proposal in Appendix A.1.
Proposal 2: A clarification is needed that PEI should be in the initial DL BWP. Consider the Text Proposal in Appendix A.2.
Proposal 3: A clarification is needed that for RedCap UE in idle/inactive mode, PEI search space and paging search space should share the same initial DL BWP (See Appendix A.2). Alternatively, a clarification can be that PEI search space cannot configured, if the initial DL BWP does not contain CD-SSB or CORESET#0 (See Appendix A.3).
Proposal 4: R17 SSSG switching does not interact with the retransmission timer. 
Proposal 5: R17 PDCCH skipping does not interact with the retransmission timer.
Proposal 6: Support Alt-2, i.e. PDCCH skipping applies only in active time, and PDCCH skipping is terminated when UE goes into outside active time.
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Appendix
A.1 Text Proposal for UE_ID ambiguity
We have the following Text Proposal based on 38.213-h20 [1].
 <Start of Text Proposal>
[bookmark: _Toc83289688][bookmark: _Toc106629463]10.4A	 PDCCH monitoring for early indication of paging
<Unchanged parts are omitted>
For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , , , and  are defined in [17, TS 38.304]. If  is equal to 1,  is defined in Clause 7.1 of [17, TS 38.304], otherwise,  is defined in Clause 7.3.2 of [17, TS 38.304].
<Unchanged parts are omitted>

A.2 Text Proposal for “PEI is confined in the initial DL BWP” and “PEI and paging are in the same initial DL BWP”
We have the following Text Proposal based on 38.213-h20 [1].
 <Start of Text Proposal>
10.4A	 PDCCH monitoring for early indication of paging
<Unchanged parts are omitted>
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331] on the initial DL BWP where the UE monitors PDCCH according to Type2-PDCCH CSS set.
<Unchanged parts are omitted>

A.3 Alternative for “PEI and paging are in the same initial DL BWP” (in 38.331)
We have the following Text Proposal based on 38.331-h10 [4].
 <Start of Text Proposal>
[bookmark: _Toc60777158][bookmark: _Toc100930042][bookmark: _Hlk54206873]6.3.2	Radio resource control information elements
<Unchanged parts are omitted>
	pei-SearchSpace
ID of dedicated search space for PEI. It can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0. The CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level follows Table 10.1-1 of TS38.213 [13]. SearchSpaceId = 0 can be configured for the case of SS/PBCH block and CORESET multiplexing pattern 2 or 3. This field is absent for the RedCap specific initial DL BWP, if it does not include CD-SSB and the entire CORESET#0.


<Unchanged parts are omitted>
