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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#83 meeting, WI of power saving was agreed [1]. One of the objectives is to: 
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure
In this document, the issues related to power saving signal and configuration are analyzed. 
Discussion
Terminology update
In order to facilitate the discussions on the “PDCCH-based power saving signal/channel scheme for wake-up purpose”, we suggest shortening the name to “PDCCH-WUS”.
[bookmark: _Toc16601803]Proposal 1: In further discussions and specification writing, use “PDCCH-WUS” in place of “PDCCH-based power saving signal/channel scheme for wake-up purpose”.
SI outcomes to capture as WI initial agreements
This sub-section aims at making as formal WI agreements the outcomes from the Study Item, as captured in the TR [2] or the WID [1]:
WID:
	a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer.


[bookmark: _Toc16601804]Proposal 2: The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer.
TR, Section 6.3.1:
	The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX i.e. it is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies.


[bookmark: _Toc16601805]Proposal 3: The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.
	When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.


[bookmark: _Toc16601806]Proposal 4: The PDCCH-WUS is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
	The PDCCH-based power saving signal/channel for wake-up purpose can indicate the UE to monitor or skip the PDCCH during the next occurrence of the drx-onDurationTimer. In the latter case, the UE does not start the drx-onDurationTimer at its next occasion.


[bookmark: _Toc16601807]Proposal 5: On a PDCCH-WUS occasion, if the UE is not indicated to wake-up to monitor the PDCCH during the next occurrence(s) of the drx-onDurationTimer, the UE does not start the drx-onDurationTimer at its next occasion.
DRX Inactivity timer
An open issue captured in RAN2#106 meeting, to be solved during the WI, is the UE behavior with PDCCH-WUS during DRX Active Time due to other events but the drx-onDurationTimer [2]:
Agreement 
1.	From RAN2 perspective, the WUS signalling is used to indicate to the UE to wake up to monitor the onDuration.  Apart from the onDuration, there are no DRX procedure impacts.
2.	FFS on UE behaviour when WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer).  This will be discussed in the WI phase. 
In this sub-section, we analyze the impact of the PDCCH-WUS on the DRX inactivity timer. SR and RACH procedures are addressed in the following sub-section.
The drx-InactivityTimer is started when the PDCCH indicates a new transmission for either DL or UL in order to indicate the UE to remain in DRX Active Time in case there would be any consecutive scheduling afterward. 
Since the network is aware of the buffer status in both UL (from BSR) and DL, the network will use the PDCCH-WUS (or absence of) to indicate the UE not to monitor the PDCCH, if it does not expect data to be transmitted/received in the next DRX onDuration. Correpondingly, if the drx-InactivityTimer is running on a PDCCH-WUS occasion due to some previous DL assignment or UL grants, and the WUS (or absence of) indicates the UE not to monitor the PDCCH during the next DRX on duration, it seems consistent that the drx-InactivityTimer is stopped in this case since no further data is expected. And, of course, if WUS indicates the UE not to skip the next on duration, the drx-InactivityTimer keeps on running.
[bookmark: _Toc16601808]Proposal 6: drx-InactivityTimer is stopped, if running, when the PDCCH-WUS (or absence of) indicates the UE not to monitor the PDCCH during the next DRX on duration(s).
SR/RACH Procedure
SR Procedure
When an SR is sent and pending, the DRX state is considered to be active. And the UE waits for UL scheduling from the network. Hence the procedure should not be impacted by WUS. Then, it is proposed that:
[bookmark: _Toc16601809]Proposal 7: SR procedure during DRX is not impacted by PDCCH-WUS (or absence of).
RA Procedure
For CFRA procedure, when RAR has been successfully received, there are scenarios, e.g. handover and DL data arrival where the network continues to schedule the UE. So, in these cases, it is not expected that the network will send WUS to indicate the UE not to monitor the PDCCH for the next DRX on duration. On the other hand, for scenarios like initial SCell timing alignment, there may be no subsequent DL data scheduling. So, it is possible that the UE is indicated not to monitor the PDCCH. In any case, we tend to involve minimum complexity for WUS procedure and recommend that CFRA is not impacted by WUS.
For CBRA procedure, the MAC entity keeps monitoring the PDCCH while ra-ContentionResolutionTimer is running even outside the on duration. It is not reasonable to stop the ra-ContentionResolutionTimer upon receiving WUS indicating to skip the next on duration, since it would abnormally stop the RA procedure and DL scheduling for Msg 4 may occur. Therefore, the WUS shall not enforce the termination of the ra-ContentionResolutionTimer.
In both CFRA and CBRA procedures, the UE will monitor the PDCCH scrambled by RA-RNTI for RAR reception while ra-ResponseWindow is running in all scenarios except for CFRA-BFR, in which case C-RNTI is used. It is not reasonable that the ra-ResponseWindow is stopped by PDCCH based WUS which will result in abnormal termination of RA procedure.
From the above discussion, it is proposed that:
[bookmark: _Toc16601810]Proposal 8: ra-ResponseWindow and ra-ContentionResolutionTimer are not stopped by PDCCH-WUS (or absence of).
P/SP CSI Reporting
According to the current specification, the UE will not report CSI on PUCCH if CSI masking is configured and drx-onDurationTimer is not running. And the UE will not report CSI on PUCCH and SP CSI on PUSCH if CSI masking is not configured and the UE is not in DRX Active Time [3].
When PDCCH-WUS is configured, the UE will not start drx-onDurationTimer if it is indicated not to monitor the PDCCH. As a result, applying the legacy behaviour, the UE should not report CSI on PUCCH until the next PDCCH-WUS occasion if CSI masking is configured. Similarly, if proposal 6 is agreed, in the same situation, the UE will stop the drx-InactivityTimer, if running, thus triggering MAC to leave DRX Active Time. Applying again the legacy behaviour, the UE should not report CSI on PUCCH and SP CSI on PUSCH if CSI masking is not configured. 
One alternative is that the UE continues to report CSI on PUCCH with CSI masking and report CSI on PUCCH and SP CSI on PUSCH without CSI masking. Indeed, continuously reporting CSI will bring benefits on the accuracy of scheduling. However If the PDCCH-WUS (or absence of) indicates the UE not to monitor the PDCCH for the next DRX on duration, i.e. there is no subsequent scheduling for downlink or uplink from the network, it is useless to report CSI which information will be invalid when UE eventually wakes-up. Therefore, it is reasonable that the UE does not report CSI (neither CSI on PUSCH with CSI masking nor CSI on PUCCH/SP CSI on PUSCH without CSI masking) when the PDCCH-WUS (or absence of) indicates the UE not to monitor the PDCCH for the next DRX on duration. In addition, stopping CSI reporting on PUCCH will also achieve more power saving.
[bookmark: _Toc16601811]Proposal 9: When PDCCH-WUS is configured, UE applies the legacy behavior regarding CSI reports on PUCCH and SP CSI reports on PUSCH as a function of the drx-onDurationTimer, the DRX Active Time, and the CSI masking configuration.
SRS Transmission
The P/SP SRS is not transmitted if the UE is not in DRX Active Time in current specification. SRS is used for uplink channel estimation. If the PDCCH-WUS(or absence of) indicates the UE not to monitor the PDCCH, it implicitly indicates there is no subsequent scheduling afterward for both downlink and uplink. Hence, it is proposed that:
[bookmark: _Toc16601812]Proposal 10: UE will not report P/SP SRS if it is indicated not to monitor PDCCH by PDCCH-WUS (or absence of).
Mis-detection of Power Saving signal
If the PDCCH-WUS is mis-detected, the UE may lose multiple PDCCH monitor occasions which will increase the packet loss rate and eventually impact the performance of the UE. This is not expected and should be avoided. In the following, we provide analysis on how to solve this problem.
Alternative 1: PDCCH-WUS with repetition.
This alternative is being looked at by RAN1 and aims at increasing the PDCCH-WUS reliability. Specifically, it has been agreed in RAN1#97 meeting that [5]
	Agreements:
One or more PDCCH monitoring occasion of PDCCH-based power saving signal/channel is supported outside Active Time.


If so, the PDCCH-WUS can be sent by the network with configurable number of repetitions using more PDCCH monitoring occasions. For example, the PDCCH-WUS is sent N times where N is configured by network or preconfigured. However, resource consumption will highly increase. But the benefit is that RAN1 could end-up with such a low mis-detection probability that no further work would be needed in RAN2.
[bookmark: _Toc16601801]Observation 1: RAN1 is also working on the PDCCH-WUS reliability, the outcome of which may not need any further work in RAN2. 
Alternative 2: have some semi-static always-active onDurations so that UE gets in sync again with NW
This is proposed by [6], it is simple. But this solution brings large latency, since the UE only reacts the network on the semi-static always-active onDuration occasions even PDCCH-WUS mis-detection occurs.  Hence it is not sufficient,  to solve the mis-detection issue. 
Furthermore, from MAC perspective, different solutions can be envisioned to mitigate the mis-detection problem, depending on the PDCCH-WUS design decided in RAN1. Indeed, So far there are two main options for PDCCH-WUS format in RAN1. In both options we assume it is a PDCCH sent to a UE-specific (or group-UE) RNTI, e.g. W-RNTI.
Option 1: Always on PDCCH-WUS
The PDCCH-WUS is always sent and indicates in the payload whether to keep sleeping or to wake-up for the next on-duration. A mis-detection will then result in false CRC check, which is abnormal since the UE always expects receiving something on the monitored RNTI. Hence the UE easily detects there was a mis-detection, and the only impact is that it cannot know the content of the PDCCH-WUS payload: wake-up, or keep sleeping. Considering such mis-detection should be a rare case, the simplest and safest UE behavior in that case is to assume PDCCH-WUS was indicating “wake-up”:
Alternative 3: with always-on PDCCH-WUS, UE considers by default that the indication was “wake-up” upon false CRC check
Indeed, even if that was not the case, the only penalty is that UE will unnecessarily spend power monitoring the PDCCH during the next on duration(s), but at least it will not lose any data.
[bookmark: _Toc16601802]Observation 2: Always-on PDCCH-WUS is the safest design from mis-detection perspective because the UE always expects receiving something, hence in case of mis-detection, it can adopt a default behavior i.e. consider the indication was “wake-up”.
Option 2: On/off PDCCH-WUS
The PDCCH-WUS is an on/off signal: if transmitted, the UE detects PDCCH-WUS if it gets a correct CRC-check for the monitored RNTI, which means “wake-up”. If not transmitted, the UE gets a false CRC-check for the monitored RNTI, which means “keep sleeping”. Therefore, unlike for Option 1, a false CRC-check can result from either no signal transmission from the network or a signal transmission which is missed by the UE due to e.g. poor channel conditions. Hence the UE can’t distinguish whether the PDCCH-WUS is without transmission or just lost. An appropriate solution for this design is described below:
Alternative 4: with On/Off PDCCH-WUS, UE sends feedback upon PDCCH-WUS detection.
The UE detects the PDCCH-WUS and feedbacks it to the network. Since the feedback is only sent when UE received the signal, it is not a big burden since UE needs to wake-up anyways. When gNB does not receive UE’s feedback, it knows that UE missed the PDCCH-WUS and won’t schedule the UE in the next on duration thus avoiding data loss. This could be similar to e.g. the mechanism UE uses to feedback configured grant type 2 (de-)activation commands (MAC CE-based). Alternately PUCCH-based feedback could also be studied. Depending on whether PDCCH-WUS design allows embedding an uplink grant, feedback on PUCCH may be a better choice.
From the above analysis, it results that different solutions, or no solution at all, would be needed to be looked at in RAN2 depending on the PDCCH-WUS design by RAN1. As a result we propose to postpone this issue in RAN2 after RAN1 have further progressed on the PDCCH-WUS design.
[bookmark: _Toc16601813]Proposal 11: RAN2 waits for RAN1 design completion for PDCCH-WUS before selecting a solution, if any, addressing the PDCCH-WUS misdetection issue.
Conclusion
This contribution discusses the possible impacts on DRX and other MAC procedures brought by PDCCH based WUS. The resulting observation and proposals are as follows.
Observation 1: RAN1 is also working on the PDCCH-WUS reliability, the outcome of which may not need any further work in RAN2.
Observation 2: Always-on PDCCH-WUS is the safest design from mis-detection perspective because the UE always expects receiving something, hence in case of mis-detection, it can adopt a default behavior i.e. consider the indication was “wake-up”.
Proposal 1: In further discussions and specification writing, use “PDCCH-WUS” in place of “PDCCH-based power saving signal/channel scheme for wake-up purpose”.
Proposal 2: The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer.
Proposal 3: The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.
Proposal 4: The PDCCH-WUS is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
Proposal 5: On a PDCCH-WUS occasion, if the UE is not indicated to wake-up to monitor the PDCCH during the next occurrence(s) of the drx-onDurationTimer, the UE does not start the drx-onDurationTimer at its next occasion.
Proposal 6: drx-InactivityTimer is stopped, if running, when the PDCCH-WUS (or absence of) indicates the UE not to monitor the PDCCH during the next DRX on duration(s).
Proposal 7: SR procedure during DRX is not impacted by PDCCH-WUS (or absence of).
Proposal 8: ra-ResponseWindow and ra-ContentionResolutionTimer are not stopped by PDCCH-WUS (or absence of).
Proposal 9: When PDCCH-WUS is configured, UE applies the legacy behavior regarding CSI reports on PUCCH and SP CSI reports on PUSCH as a function of the drx-onDurationTimer, the DRX Active Time, and the CSI masking configuration.
Proposal 10: UE will not report P/SP SRS if it is indicated not to monitor PDCCH by PDCCH-WUS (or absence of).
Proposal 11: RAN2 waits for RAN1 design completion for PDCCH-WUS before selecting a solution, if any, addressing the PDCCH-WUS misdetection issue.
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