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1	Introduction
For the ongoing RAN1 led SI ‘Study on low-power wake-up signal and receiver for NR’ [1] there is also some RAN2 study involved. More specifically, there is only one objective for which RAN2 is listed, but the same objective appears in two sections of the draft TR 38.869 [2]:
	[bookmark: _Toc127570628]7.2	LP-WUS design and L1 procedure
Editor’s note: The following SI Objective related to LP-WUS design and L1 procedure is included in this section.
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1] 
[bookmark: _Toc127570629][bookmark: _Hlk130559683]7.3	Higher-layer aspects
Editor’s note: The following SI Objective related to higher layer aspects is included in this section.
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1] 



[bookmark: _Ref101518265]2	Discussion
2.1	Full or partial WUS coverage
One PHY-layer aspect which will have very large impact on RAN2 procedures is if WUS covers the entire cell (e.g., on par with legacy PDCCH coverage) or if there will only be partial coverage in the cell.
[image: ]
Figure 1: Illustration of A) full WUS coverage in cell vs. B) partial WUS coverage.
For full WUS cell coverage, as for Rel-15 WUS for NB-IoT/LTE-M or for Rel-17 PEI, there will be no additional impact. However, for partial coverage several open issues will be introduced which must be resolved, e.g., the following:
· When should the UE monitor legacy paging and when should it monitor WUS? (e.g. based on RSRP-threshold).
· How should gNB determine if it should transmit legacy paging or WUS to reach the UE?
· How to address UE becoming unreachable in the DL if the UE assumes incorrectly that it is within WUR coverage (e.g., due to the large RSRP measurement inaccuracy of several dB).

[bookmark: _Toc131708275]A solution with partial WUS cell coverage has substantial impact on RAN2 specifications compared to a solution with full WUS cell coverage.
[bookmark: _Toc131708279]A comparison of the RAN2 specification and complexity impact for partial and full WUS cell coverage (c.f. paging PDCCH) should be captured in TR.

2.2	WUS payload
Regarding the payload carried by WUS, RAN1 has not yet agreed anything and in principle all options ranging from carrying a common WUS sequence for all UEs (similar to Rel-15 WUS for LTE-M/NB-IoT) to carrying the full UE_ID are still being considered (see the Options in the cropped agreement below):
	Agreement
For link-level simulation of LP-WUS, the following table is used as starting point,
· FFS for other assumptions if any
· Note: The assumptions are not intended to limit the scope of the study or the design.
Table XX. Simulation assumptions for LP-WUS
	Attributes
	Assumptions

	Channel structure
	· Option 1: Sync signal /sequence+ payload + CRC,
· Option 2: Sequence only,
· Option 3: Payload+CRC,
· Other options are not precluded
· Company to report the sequence length, payload size, CRC length (may or may not be presence).






As for the RAN1 impact, the size of the WUS payload will mainly impact the WUS coverage. E.g. full WUS coverage (see the previous section) in the cell will be difficult to achieve with a large WUS payload using the same amount of radio resources.
As for the RAN2 impact, the WUS payload can have an impact on the procedure triggered in the UE by WUS detection. That is, if there is a common WUS sequence for all UEs in the cell, the WUS would trigger all UEs sharing a paging occasion (PO) to turn on their main receiver and monitor paging according to the legacy procedure in the associated PO (see Figure 2), i.e. also those who are not paged, which is referred to as “false paging”. 

[image: ]
[bookmark: _Ref131426735]Figure 2: UE procedure with group indication, or common sequence, in WUS.

To reduce the false paging, i.e., that UEs are unnecessarily woken up by paging intended for another UE, a WUS UE group could be indicated using a few bits in the WUS payload or using more WUS sequences. E.g., 3 bits would support 8 WUS UE groups and reduce false paging probability by 8. Such WUS UE groups were introduced in Rel-16 for NB-IoT/LTE-M WUS and supported already from start for Rel-17 PEI. Note that for devices supporting Rel-18 WUR, the false paging reduces the potential WUR energy consumption gain since the main receiver would unnecessarily be started upon false paging. 
[bookmark: _Toc131708276]False paging reduces the potential WUR power saving gain, and it is more important than for PEI or WUS for NB-IoT/LTE-M to keep false paging rate low (since the main receiver is unnecessarily started up).
Finally, if a full UE identifier could be included in the WUS payload the procedure triggered in the UE could be different. That is, as shown in Figure 3, if an individual UE can be addressed in the WUS itself, there is no need for the UE to trigger a legacy paging procedure in the associated PO to see if its paging record is included in the paging message.
[image: ]
[bookmark: _Ref131426790]Figure 3: UE procedure with full UE identifier in WUS

Therefore, the UE could in this case immediately trigger a random access procedure.
 
[bookmark: _Toc131708277]If full UE_ID is included in the WUS payload, monitoring of the legacy paging message in the PO can be omitted, i.e., the UE cantrigger RA with no need to decode the paging message first.

The main motivation for WUR is UE energy consumption reduction, and this gain comes from allowing the main receiver to stay in an (ultra-)deep sleep state for extended periods of time. When the UE is paged it anyway must start up the main receiver (15000 units transition energy from ultra-deep sleep state) and there should therefore be no bigger gain associated with directly triggering RA instead of the legacy paging procedure. The main benefit of using the full UE_ID in WUS should instead be that false paging is reduced to zero. The main drawback is for course that the full UE_ID is considerably larger than a few bits for WUS UE group indication, e.g., 48 bits for 5G-S-TMSI, and it may not be feasible to have full WUS cell coverage with this solution (pending RAN1 evaluation, cf. Section 2.1).
[bookmark: _Toc131708278]The main benefit of carrying the full UE_ID in WUS payload is that false paging is reduced to zero, but the main drawback is that WUS payload becomes significantly larger such that full WUS cell coverage may not be possible.
[bookmark: _Toc131708280]Capture the difference in triggered UE behaviour, false paging impact, and coverage depending on if full UE_ID is included in WUS payload or not in TR.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	A solution with partial WUS cell coverage has substantial impact on RAN2 specifications compared to a solution with full WUS cell coverage.
Observation 2	False paging reduces the potential WUR power saving gain, and it is more important than for PEI or WUS for NB-IoT/LTE-M to keep false paging rate low (since the main receiver is unnecessarily started up).
Observation 3	If full UE_ID is included in the WUS payload, monitoring of the legacy paging message in the PO can be omitted, i.e., the UE cantrigger RA with no need to decode the paging message first.
Observation 4	The main benefit of carrying the full UE_ID in WUS payload is that false paging is reduced to zero, but the main drawback is that WUS payload becomes significantly larger such that full WUS cell coverage may not be possible.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A comparison of the RAN2 specification and complexity impact for partial and full WUS cell coverage (c.f. paging PDCCH) should be captured in TR.
Proposal 2	Capture the difference in triggered UE behaviour, false paging impact, and coverage depending on if full UE_ID is included in WUS payload or not in TR.
 
[bookmark: _In-sequence_SDU_delivery]References
RP-222644, “Revised SID: Study on low-power wake-up signal and receiver for NR”, RAN#97e, September 12-16, 2022.
R1-2300486, “Study on low-power wake up signal and receiver for NR”, Draft TR 38.869 v0.1.0, 3GPP RAN1#112, Feb 2023.

	4/4	
image1.png
A) Full coverage B) Partial coverage




image2.png
((I|I))

EE g o P o]
s PO = PO - | PO |
WUR: - - -
Main

receiver:





image3.png
(tl|l’)

AR LI B L) i i
WUR: - - -
Main

receiver:





