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Introduction
In this contribution, we discuss the following remaining issues on the PDCCH-based WUS:
· Values for minimum time gap capability between PS-PDCCH monitoring period and DRX_ON
· Additional invalid monitoring occasions for DCI format 2_6

Minimum Time Gap Capability
The minimum time gap capability was discussed in the RAN1_100e e-meeting in the email thread “[100e-NR-UE_pow_sav-WUS-02] Search Space Configuration for DCI format 2_6 monitoring” [1]. The following agreements were made:
Agreements
PS_offset range from {0.125ms to 15 ms} for all SCS.

Agreements
The PS_offset resolution is 0.125 ms.

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
 
 Agreements
TP of the UE capability of minimum time gap X as follows
	If a UE reports for an active DL BWP a requirement fora number of X slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during theXnumber of slots,where X corresponds to the requirement of the SCS of the active DL BWP
 



Furthermore, the following agreement was made in RAN1#99:
Agreements:
The minimum time gap between the end of the slot of last DCI format 3_0 monitoring occasion and the start of the DRX ON is a UE capability based on subcarrier spacing.
· The reporting is per SCS in units of slots of the respective SCS
· The reported value for a SCS is taken from two possible values per SCS
· The largest value of minimum time gap in UE capability is no more than the number of slots equal to [3] ms
· FFS impact of dormancy/non-dormancy transition 

Note: DCI format 3_0 was renumbered to DCI format 2_6 in RAN1#100e.

[bookmark: _Ref37067252]Values of minimum time gap capability
Based on the agreement from RAN1#99, it is clear that the minimum time gap capability is a UE capability, where the UE can signal (report) one of two values. The reason there are two values that can be signaled is that there are broadly two different classes of architecture for the wake-up channel receiver, one of which allows for a faster transition between DCI format 2_6 reception and PDCCH monitoring in the DRX_ON duration than the other architecture.
The most obvious differentiation between architectures for the wake-up channel receiver is between those listed below, each having their own capability (the architectures are illustrated in Figure 1, where the pink box shows the location where DCI format 2_6 processing is undertaken).
· Capability A: Limited receiver functionality decodes DCI format 2_6 during PS-PDCCH monitoring period. During the PS-PDCCH monitoring period, the main receiver is operated with limited functionality, where the limited functionality is just targeted at decoding DCI format 2_6 (and performing any required measurements). In this mode, the part of the main receiver used to decode DCI format 2_6 could, for example, operate at a lower clock frequency, lower supply voltage or with a relaxed processing timeline. This manner of operation allows the remainder of the main receiver to sleep while DCI format 2_6 is being monitored, but requires a transition time to warm-up / boot-up those remaining parts of the main receiver. The maximum flexibility in reducing the power consumption of the main receiver operating with limited functionality is realized when the transition time is as large as possible. Hence the appropriate capability is 3ms, which can simply be scaled for the different SCS.
· Capability B: Main receiver used to decode DCI format 2_6. DCI format 2_6 could alternatively be decoded using the main receiver. In this architecture, no transition time is needed between DCI format 2_6 monitoring and the DRX_ON duration, since the main receiver is already awake at the start of the DRX_ON duration.  Since no transition time is needed, the appropriate capability is 0ms. 

It is noted that there are other architectures for DCI format 2_6, according to implementation decisions. For example, capability A could refer to an architecture with a separate low power DCI format 2_6 receiver that wakes up the main receiver.
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[bookmark: _Ref36648407]Figure 1 – Minimum time gap capability depends on DCI format 2_6 decoding architecture
Observation 1: The UE reports one of two possible minimum time gap capabilities to the gNB.
Observation 2: The purpose of having a minimum time gap capability is to allow for different UE implementation architectures.  

Proposal 1: The minimum time gap capabilities for the different SCS are:
· SCS 15kHz: {0,3} slots
· SCS 30kHz {0,6} slots
· SCS 60kHz {0,12} slots
· SCS 120kHz {0,24} slots

Impact on minimum time gap capability of dormancy / non-dormancy BWP switch on Scell 
In order to account for the dormancy / non-dormancy BWP switch delay in an Scell on the minimum time gap capability, the following alternatives were proposed as part of the email discussion “[100e-NR-UE_pow_sav-WUS-02]” and via submitted contributions:
Alternatives:
· Alt1. Minimum time gap capability does not account for dormancy / non-dormancy BWP switch in an Scell.
· Alt2. Minimum time gap capability does account for dormancy / non-dormancy BWP switch in an Scell.
· Alt3. Two minimum time gap capabilities are reported by the UE, where one of the capabilities accounts for  dormancy / non-dormancy BWP switch in an Scell and the other capability does not.

For Alt1, the BWP switch in an Scell can be accounted for by either [4] (1) the network assuming that the UE will warm-up to full power mode and perform the BWP switch in parallel, (2) the network assuming the UE will warm-up to full power mode and perform the BWP switch before DRX_ON [6], or (3) the network assuming that the UE will serially warm up to full power mode and then once in the DRX_ON duration, the UE will execute the BWP switch [5]. These three potential functionalities are shown in Figure 2, where the relative positions of DCI format 2_6 and / or duration of DRX_ON may be different, but the “useful” portion of DRX_ON is aligned. We could support any of these functionalities, but the functionality applied has to be consistent between the UE and gNodeB.
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[bookmark: _Ref37082612]Figure 2 – Alternative alignments of UE warm-up transition and BWP switch for Alt1 (where minimum time gap capability does not account for dormancy / non-dormancy BWP switch in an Scell)

For Alt2, the BWP configurations of Scells would have to be known before the UE signals its UE capability. However, it is not clear that the UE knows the Scell configurations when it signals UE capability. Hence this approach is not preferred.
Alt3 has the advantage over Alt2 that it allows for differentiation between two receiver architectures (see discussion related to Figure 1) firstly for the case of dormancy / non-dormancy BWP switch and secondly for the case without dormancy / non-dormancy BWP switch. However, for Alt3 one of the UE capabilities that is reported still depends on the BWP configuration in Scells and the UE does not know these configurations when reporting its capability, as for Alt2. Since this approach suffers from the same issues as Alt2, this approach is also not preferred. 
Proposal 2: Minimum time gap capability does not account for dormancy / non-dormancy BWP switch in an Scell. 
Since with Alt1 there are various implementations of how the UE handles a Wake-up indication and a dormant / non-dormant BWP switch in the same DCI format2_6, we think it is preferable that having sent a minimum time gap capability and then having received configuration information on the supported BWPs, the UE can then send UE assistance information that indicates its preferred time gap, where this preferred time gap can account for BWP switching and the serial / parallel nature of any BWP switching within the UE.

Signalling of preferred minimum time gap capability as UE assistance information
A UE may be capable of decoding the WUS (DCI format 2_6) with either of the architectures shown in Figure 1, where operation with limited receiver functions might be more appropriate in some circumstances whereas operation with full receiver functions might be more appropriate in others.
The UE may not know the configuration of the bandwidth parts at the time that it sends UE capability signaling. In this case, the UE can send a single capability to the gNodeB, which is the transition time gap capability for the faster WUS decoding circuit (e.g. capability B, used for an active BWP, as shown in Figure 1). The gNodeB would need to time transmission of DCI format 2_6 in a way that is compatible with this capability in order to ensure consistent and reliable UE operation. Once the UE had received details of the configured BWPs, it could then send UE assistance information to the gNodeB, informing the gNodeB that for certain BWPs (such as narrower bandwidth parts) it could operate in a lower power mode for DCI format 2_6 decoding at the expense of a minimum time gap. The gNodeB could then transmit DCI format 2_6 based on this minimum time gap.  
Proposal 3: UE can signal preferred minimum time gap as UE assistance information. 

Additional invalid monitoring occasions 
In RAN1#100e, email discussion [100e-NR-UE_pow_sav-WUS-03] considered the monitoring occasions for DCI format 2_6 and the following agreement and conclusion were reached:
Agreements:
RAN1 agreed to have additional invalid monitoring occasions of DCI format 2_6 colliding with BWP switching time and measurement gap with the following text proposal (section 10.3 of TS38.213)
------------------------------------------------ Begin of TP -----------------------------------------------------
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 
	- is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10,and 11.1, 12, and Clause 5.7 of  [14, TS 38.321]for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or
	- does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle
the UE shall start the bydrx-onDurationTimer for the next DRX cycle.
------------------------------------------------ End of TP -----------------------------------------------------

Conclusion:
No consensus on the change of “all” to “one or more” invalid monitoring occasions in 10.3 of TS38.213

In addition to the agreed invalid monitoring occasions (see agreement above), there were proposals that other conditions could also cause a DCI format 2_6 monitoring occasion to be invalidated. This section discusses whether there are further invalid monitoring occasions for DCI format 2_6 that need to be captured in the specifications.
Table 1 below details when a DCI format 2_6 monitoring occasion is considered to be invalid. Some of these invalid monitoring occasions (items 1-4) are captured in the specifications and some are proposals (that could be included in the tentative CR reference above).
Items 5-7 in Table 1 are UE-initiated actions. The UE would be aware that it is not monitoring DCI format 2-6 and could take the safe approach of monitoring DRX_ON as per legacy DRX operation. In item 5, for example, if the UE initiated a measurement prior to every DRX_ON duration, the UE would wake up at every DRX_ON duration and the WUS functionality would be negated. This scenario could be mitigated if the UE knew that the gNodeB would transmit the DCI format 2_6 WUS indication in more than one PS-PDCCH monitoring occasion. In this case, the UE could initiate an action that would invalidate one PS-PDCCH monitoring occasion in the knowledge that DCI format 2_6 would also be transmitted in another PS-PDCCH monitoring occasion. 
RAN1 should determine whether RAN1 specifications need to define UE functionality in case the UE does not monitor DCI format 2_6 due to a UE-initiated action (items 5-7 in the table below). Our initial thinking is that UE implementation can determine whether or not to wake up at the next DRX_ON duration when a PS-PDCCH monitoring occasion is invalidated due to a UE-initiated action.  
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	Item
	Invalid monitoring occasion
	Reference (to clause)

	1
	A candidate is invalid if its REs overlap with SSB or reserved resources for LTE CRS
	10 of 38.213

	2
	Slot is uplink
	11.1 of 38.213

	3
	BWP switching interruption time [5.7 of 38.321]
· BWP switch due to expiry of an inactivity timer [12 of 38.213]
· BWP switch due to reception of DCI format 0‑1 / 1_1 [12 of 38.213]
	5.7 of  TS 38.321 [3], 12 of 38.213

	4
	Measurement gap (measurements over a bandwidth that is not within the active DL BWP for the UE)
	5.7 of  TS 38.321 [3], 12 of 38.213

	5
	UE initiated measurements in time periods overlapping DCI format 2_6 monitoring occasions
	[3, proposal 5]

	6
	DCI2_6 collision with monitoring of RA-RNTI or TC-RNTI in case of CBRA (note PS-RNTI and other RNTI could be decoded with different RX spatial filter)
	[3, proposal 6]6

	7
	DCI2_6 collision with monitoring C-RNTI in search space given recoverySearchSpaceId for CFRA based BFR (note PS-RNTI and other RNTI could be decoded with different RX spatial filter)
	[3, proposal 6]


 
Observation 3: If the UE invalidates a PS-PDCCH monitoring occasion due to a UE-initiated action, UE implementation can determine whether the UE should wake up or not at the next DRX_ON duration.
Conclusions
This document has considered remaining issues related to the PDCCH-based wake up signal.
The following observations and proposals are made:
Observation 1: The UE reports one of two possible minimum time gap capabilities to the gNB.
Observation 2: The purpose of having a minimum time gap capability is to allow for different UE implementation architectures.  
Observation 3: If the UE invalidates a PS-PDCCH monitoring occasion due to a UE-initiated action, UE implementation can determine whether the UE should wake up or not at the next DRX_ON duration.

Proposal 1: The minimum time gap capabilities for the different SCS are:
· SCS 15kHz: {0,3} slots
· SCS 30kHz {0,6} slots
· SCS 60kHz {0,12} slots
· SCS 120kHz {0,24} slots

Proposal 2: Minimum time gap capability does not account for dormancy / non-dormancy BWP switch in an Scell. 
Proposal 3: UE can signal preferred minimum time gap as UE assistance information. 
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