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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In previous RAN2#107 meeting, further agreements on PDCCH-WUS procedure were achieved. In this document, we analyze some leftover issues and how to capture the associated stage-3 details in the MAC specifications and provide the corresponding TPs and proposals. For RRC aspects, we suggest waiting for PDCCH-WUS design and parameters get more mature in RAN1.
Discussion
PDCCH-WUS monitoring
In RAN1#97 [2] , it was agreed that PS-RNTI is used for PDCCH-WUS monitoring:
Agreements:
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel
In RAN2#107 meeting [1], it was also agreed that
2. The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.

[bookmark: _Toc20383029]Observation 1: PDCCH-WUS is only used for DRX and scrambled by PS-RNTI.
We suggest capturing this in the introductory part of the DRX section in 38.321 as in the below TP.
[bookmark: _Toc20383248]Proposal 1: Capture the following TP regarding PDCCH-WUS monitoring to 38.321.
/***********************************TP start***************************************/
38.321 
5.7 Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].
When DRX is configured, the MAC entity may be configured with a PDCCH-based power saving signal/channel further controlling the UE’s PDCCH monitoring activity during DRX operation. When configured, the MAC entity shall monitor the PDCCH-based power saving signal/channel for the MAC entity’s PS-RNTI when the MAC entity is not in Active Time.

Editor’s note: The terminology “PDCCH-based power saving signal/channel” is used until the final design is completed in RAN1
/-----Omitted----/
/***********************************TP end******************************************/
PDCCH-WUS impacts on drx-onDurationTimer start
In Rel-15 MAC specification, the drx-onDurationTimer is always started when the SFN aligns with the DRX cycle origin, determined by the RRC-configured parameters: Long/Short DRX cycle and drx-StartOffset.
In last meeting [1], the following agreements were achieved regarding how to monitor the PDCCH when PDCCH-WUS is configured:
Agreements:
1. 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 of the drx-onDurationTimer.
…
3. The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
4. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
5. From RAN2 point of view the UE does not monitor WUS during active time.
…
According to the above agreements, the PDCCH-WUS impact on MAC can be summarized as: PDCCH-WUS outside of DRX Active Time controls the start of the drx-onDurationTimer on its next occurrence. Specifically, the offset between the PDCCH-WUS occasion and the next on-duration, and their one-to-one mapping can be captured as: the start of the drx-onDurationTimer for a given DRX cycle is conditioned by the PDCCH-WUS, when configured, received in the previous DRX cycle outside of Active Time.
[bookmark: _Toc20383030]Observation 2: From MAC perspective, the start of the drx-onDurationTimer at the origin of a DRX cycle is conditioned by the PDCCH-WUS, when configured, received in the previous DRX cycle outside of DRX Active Time.
It should be noted that the above agreements are generic so far regarding the drx-onDurationTimer, i.e. do not distinguish on-duration from a Long or Short DRX cycle. However it is worth checking whether PDCCH-WUS should apply to both Short and Long DRX cycles.
Supporting PDCCH-WUS for both Long and Short DRX makes PDCCH-WUS periodicity dynamically adjusted to cope with DRX transitions from Long to Short DRX and vice-versa. This raises several issues in RAN1 as discussed in [3] e.g. how to define two sets of PDCCH-WUS periodicities with a single search space? Whether to use the same offset (unlikely that Long DRX offset is required/can apply for Short DRX), etc. On the other hand the Short DRX is always used during a short transitory period to Long DRX, so the expected power savings from PDCCH-WUS should be marginal compared to its usage with Long DRX. Hence it does not look very efficient to increase the specification complexity for what we see as minor optimization. 
[bookmark: _Toc20383031]Observation 3: Supporting PDCCH-WUS in Short DRX raises significant complexity issues for little power saving gains.
[bookmark: _Toc20383249]Proposal 2: PDCCH-WUS is not supported during Short DRX transitory periods.
From the above, we can turn observation 1 into the following proposal, taking proposal 1 into account:
[bookmark: _Toc20383250]Proposal 3: From MAC perspective, the start of the drx-onDurationTimer at the origin of a Long DRX cycle is conditioned, when configured, by the PDCCH-WUS received in the previous Long DRX cycle outside of DRX Active Time.
Considering all the analysis above, the corresponding TP is provided below and it is proposed that:
[bookmark: _Toc20383251]Proposal 4: Capture the following TP for TS38.321 regarding drx-onDurationTimer start condition.
/***********************************TP start***************************************/
38.321 
5.7 Discontinuous Reception (DRX)
/-----Omitted----/
1>	if the Short DRX Cycle is used, and[(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or:
2>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if the UE is configured to monitor a PDCCH-based power saving signal/channel and a PDCCH-based power saving signal/channel received outside Active Time in the previous Long DRX Cycle indicated to monitor the PDCCH; or
2>	if the UE is not configured to monitor a PDCCH-based power saving signal/channel:
2>3>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
/-----Omitted----/
/***********************************TP end***************************************/
[bookmark: _Toc20383032]PDCCH-WUS Configuration
As for the RRC aspects of the PDCCH-WUS configuration, RAN1 is still working on the design details (PDCCH “based”, offset, number of occasions, dormancy aspects, …), hence we believe it is still too early to make any decision on the information element which will include the PDCCH-WUS configuration and parameters.
Proposal 5: Wait for RAN1 to progress on the PDCCH-WUS design and parameters to decide which information element(s) will capture the PDCCH-WUS configuration and parameters.
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: PDCCH-WUS is only used for DRX and scrambled by PS-RNTI.
Observation 2: From MAC perspective, the start of the drx-onDurationTimer at the origin of a DRX cycle is conditioned by the PDCCH-WUS, when configured, received in the previous DRX cycle outside of DRX Active Time.
Observation 3: Supporting PDCCH-WUS in Short DRX raises significant complexity issues for little power saving gains.
Proposal 1: Capture the following TP regarding PDCCH-WUS monitoring to 38.321.
Proposal 2: PDCCH-WUS is not supported during Short DRX transitory periods.
Proposal 3: From MAC perspective, the start of the drx-onDurationTimer at the origin of a Long DRX cycle is conditioned, when configured, by the PDCCH-WUS received in the previous Long DRX cycle outside of DRX Active Time.
Proposal 4: Capture the following TP for TS38.321 regarding drx-onDurationTimer start condition.
Proposal 5: Wait for RAN1 to progress on the PDCCH-WUS design and parameters to decide which information element(s) will capture the PDCCH-WUS configuration and parameters.
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