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Introduction

In RAN2#105 bis meeting , the following agreements are achieved:

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. 

3.
Details of WUS design is left to RAN1

According to the current agreements, the WUS signal is used to indicate whether to wake up to monitor the onDuration. And from FFS, we still have remaining issues to discuss. The intention of this contribution is to share our views on  these remaining issues.
Discussions
ISSUE 1: Expected behaviour on the reception of WUS signal.

According to the WID agreed in RP-181463, the work related to WUS signal can be found as follow:
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]

Based on the description above, it can be observed that the WUS is expected to impact the start of drx-onDurationTimer in the next occurrence. However, based on the description in current specs, which can be found  as follow, the UE will be considered as in active time even the drx-onDurationTimer is not running.
----------------------------------------------------- 38.321 start ---------------------------------------------------------

When a DRX cycle is configured, the Active Time includes the time while:

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).

------------------------------------------------------ 38.321 end -----------------------------------------------------------

Considering the triggering of SR/RACH and UL data transmission for configured grant can not be predicated by NW side, we think current criteria for the determination of Active Time is reasonable and the impact of WUS shall be limited to the start of drx-onDurationTimer.
Proposal 1: WUS signal will only impact the start of timer drx-onDurationTimer. The criteria for the determination of Active Time defined in Rel-15 shall be reused.

ISSUE 2: The expected behaviour in case the WUS has not been decoded successfully.

For the case that WUS has been configured but has not been decoded successfully, the following two alternatives can be considered:

Alt1: UE will start the drx-onDurationTimer (i.e. the same as the WUS was not configured).

Alt2: UE will not start the drx-onDurationTimer

To understand the consequence in case the WUS is missing, one table is given as follow:

	The consequence  if the WUS has not been decoded successfully
	CASE 1: 

WUS indicate that the drx-onDurationTimer shall be started
	CASE 2:

WUS indicate that the drx-onDurationTimer shall not be started

	Alt1
	Behaviour is aligned
	UE will be in Active Time, but NW will not schedule the UE.

	Alt2
	The UE will not start the drx-onDurationTimer, but the NW will consider the UE in Active Time, thus the scheduling within the onDuration period may be missed by the UE.
	Behaviour is aligned


Based on the table above, it can be observed that the only disadvantage of alternative 1 is that some power consumption may be wasted since the NW will not schedule the UE but the UE will monitor the PDCCH during the onDuration period. However, for the alternative 2, some scheduling/data transmission may be lost since the NW consider the UE is in Active Time but UE may not. To avoid the lost of the scheduling/data transmission, we prefer to adopt the alternative1 as the expected behaviour in case the WUS has not been decoded successfully.

Proposal 2: For the case that WUS has been configured but can not be decoded successfully, UE will start the drx-onDurationTimer (i.e. the same as the case that the WUS was not configured).

ISSUE 3: Impact on the transmission of CSI-RS/SRS.

In the current release, there is a 4ms time budget defined in DRX procedure to determine whether UE need to report CSI or SRS. The related description are captured as follow:

--------------------------------------------------------From 38.321 start ------------------------------------------------------

<Omit for short>

1>
in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:

2>
not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].

1>
if CSI masking (csi-Mask) is setup by upper layers:

2>
in current symbol n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:

3>
not report CSI on PUCCH.
1>
else:

2>
in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:

3>
not report CSI on PUCCH and semi-persistent CSI on PUSCH.
<Omit for short>
------------------------------------------------------- From 38.321 end --------------------------------------------------------------

Based on the description above, it can be seen that UE need to decide whether to report CSI/SR at 4ms prior to the occasion of CSI/SRS. For the WUS, it has been agreed in RAN2#105bis that 

Agreements

1.RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  

2.Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply. 

3.
If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion. 
Based on the agreements above, it can be seen that there will be an offset between the WUS occasion and the onduration period. Considering the 4ms time budget to determine the report of CSI and SRS, it should be clarified first that whether the minimal offset between the WUS occasion and the onduration period can be less than 4ms.

Observation 1: Considering the 4ms time budget to determine the report of CSI and SRS, it should be clarified first that whether the minimal offset between the WUS occasion and the onduration period can be less than 4ms.

If the minimal offset between the WUS occasion and the onduration period can be less than 4ms,  in case the offset of WUS occasion is less than 4ms , UE have no idea whether to report CSI or SRS in such case, which is shown in figure 1 as follow. 
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Fig.1 The illustration of  WUS occasion is located within the ambiguous timing
For resolving this issue, we take the following options into account:

Option 1: always assuming that drx-onDurationTimer will be started.
Option 2: always assuming that drx-onDurationTimer will not be started.

Option 3: UE prepare the transmission of SRS/CSI based on the assumption that the drx-onDurationTimer will always been started for each onduration period, and determine whether to transmit the SRS/CSI based on the WUS received.
Since the CSI/SRS report are physical layer operation and are mainly used by RAN1, we think the issue should be options shall be discussed/determine in RAN1 stead of RAN2. Therefore, one LS is proposed to RAN1 to ask for the views from RAN1.

Proposal 3: One LS shall be sent to RAN1 to clarify the following issues;

ISSUE 1: What’s the minimal offset between the WUS occasion and the onduration period?
ISSUE2: If the minimal offset between the WUS occasion and the onduration period can be less than 4ms, how to determine the report of CSI/SRS? To determine the report of CSI/RS, the following options can be taken into account.

Option 1: always assuming that drx-onDurationTimer will be started.

Option 2: always assuming that drx-onDurationTimer will not be started.

Option 3: UE prepare the transmission of SRS/CSI based on the assumption that the drx-onDurationTimer will always be started for each onduration period, and determine whether to transmit the SRS/CSI based on the WUS received.
Conclusion 

RAN2 is kindly asked to discuss and adopt the following proposals:

ISSUE 1: Expected behaviour on the reception of WUS signal.

Proposal 1: WUS signal will only impact the start of timer drx-onDurationTimer. The criteria for the determination of Active Time defined in Rel-15 shall be reused.

ISSUE 2: The expected behaviour in case the WUS has not been decoded successfully.

Proposal 2: For the case that WUS has been configured but can not be decoded successfully, UE will start the drx-onDurationTimer (i.e. the same as the case that the WUS was not configured).

ISSUE 3: Impact on the transmission of CSI-RS/SRS.

Observation 1: Considering the 4ms time budget to determine the report of CSI and SRS, it should be clarified first that whether the minimal offset between the WUS occasion and the onduration period can be less than 4ms.

Proposal 3: One LS shall be sent to RAN1 to clarify the following issues;

ISSUE 1: What’s the minimal offset between the WUS occasion and the onduration period?
ISSUE2: If the minimal offset between the WUS occasion and the onduration period can be less than 4ms, how to determine the report of CSI/SRS? To determine the report of CSI/RS, the following options can be taken into account.

Option 1: always assuming that drx-onDurationTimer will be started.

Option 2: always assuming that drx-onDurationTimer will not be started.

Option 3: UE prepare the transmission of SRS/CSI based on the assumption that the drx-onDurationTimer will always be started for each onduration period, and determine whether to transmit the SRS/CSI based on the WUS received.
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