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1 Introduction
This document serves as a pre-meeting summary of proposals submitted to AI 8.3.6.
2 Discussion
2.1 WUS and NES state
In RAN2 #119-e and the post-119e email discussion [POST119-e][313][NES] (R2-2210792), WUS and on-demand SSB/SIB1 were discussed, with the following summary:
	Introduction
	Cells in NES state only transmit discovery signals (DRS), UE uses wake-up signals (WUS) to trigger the transmission of SSB/SIB1 (FFS enhancements to other SIBs and MIB) 

	Scenario
	Single-carrier, multi-carrier; UEs in all states

	NES gain
	Reduced time domain symbols, enabling the gNB to reach deeper sleep states

	Impact to legacy UEs
	Legacy UEs can only access the cell after it is wakened. There could be issues if the cell turns off without realizing legacy UEs camping on it.

	UE assistance needed
	No (if wake-up signal is not considered as “assistance information”)

	RAN2 impact
	Informing UEs of the DRS/WUS configuration; FFS timing acquisition, paging, initial access.

Procedures related to DRS (measurement, cell selection/reselection etc);

Procedures related to WUS (triggering condition for sending WUS etc, FFS MAC behaviour and retransmission aspects).

	Note
	FFS other use cases of UE WUS (solution 7 decoupled with solution 3)

FFS whole SSB suspension without DRS transmission


	On-demand SSB/SIB1, triggered by WUS
	Yes (8): Interdigital, HW, CATT, CMCC, vivo, Fraunhofer, Fujitsu, China Unicom

No (8): Apple, Lenovo, Samsung, MTK, Intel, QC, ETRI, LGE

Other (5): OPPO, ZTE, Eri, KDDI, Nokia

Rapp: A couple of companies think the design of DRS/WUS should be studied in RAN1 first, while some companies think we can discuss RAN2 aspects (e.g. use cases and triggering conditions of WUS, and impacts to legacy UEs). Some companies think the solution should focus on single carrier case. And there are also companies who think solution 3 and 7 should be discussed separately (there could be other ways of triggering on-demand SSB/SIB1 without WUS, and there could be uses cases of WUS other than triggering SSB/SIB1 transmission).


During [POST119-e][313][NES], some companies think the discussion should be triggered by RAN1. In RAN1 #110bis-e, WUS was discussed and the following was captured in RAN1 summary R1-2210620:
	· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.

· Can be used in support of other techniques. Exact design may depend on the supported technique.

· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG

· RAN2:

· Signaling details of wakeup configuration 

· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.

· RAN3:

· WUS configuration exchange across neighboring gNBs

· Coordination on determination of gNB state across neighbor gNB that receive WUS

· RAN4:

· FFS


Based on the RAN2 impacts summarized by RAN1, and contributions submitted to RAN2 #120 on WUS [1]

 REF _Ref118733179 \r \h 
[2]

 REF _Ref118733221 \r \h 
[4]

 REF _Ref118733259 \r \h 
[6]

 REF _Ref118733286 \r \h 
[8]

 REF _Ref118733297 \r \h 
[9],there are some potential issues to figure out:
· Use cases (e.g., transition of cell NES states and/or transmission of SSB/SIB), and possible definition of NES state

· Applicable RRC states
· Signalling details (might be discussed in WI phase)

· Conditions to triggering WUS
2.1.1 Use case
One use case of WUS is to trigger the on-demand transmission of SSB/SIB1, as discussed in RAN2 #119-e and the post-119e email discussion (Solution 3&7).
It is mentioned by RAN1 that UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal, which is echoed by [1] (turn on or switch NES state). The rapporteur thinks this use case already covers the previous one (on-demand SSB/SIB1).
It is proposed in [6] that UL WUS can also be used to change SSB periodicity from a large value (e.g., 160ms) to a regular value (20ms).
Proposal 1: The use case of WUS includes:

· Request transitioning of a gNB inactive state to an active state for transmitting/receiving a channel/signal (e.g. SSB/SIB)
· Change SSB periodicity from a large value (e.g., 160ms) to a regular value (20ms)
Only two companies proposed to have a definition for “NES state” [2]

 REF _Ref118733221 \r \h 
[4]. The rapporteur thinks at least in the context of WUS, the definition is not absolutely necessary, as long as the gNB behaviour is made clear before and after receiving the WUS. Considering also there are not many companies proposing this, the suggestion is not to have a proposal for introducing the definition of “NES state”.
2.1.2 Applicable RRC states
It is proposed in [1] in that WUS is beneficial for both RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs. The rapporteur’s view is that, at least for the single-carrier case, it makes no sense to support RRC_CONNECTED UEs, because the serving cell should not enter NES state if there are RRC_CONNECTED UEs being served and not handed over to other cells. Then a related issue is whether WUS applies to single-carrier or multi-carrier scenarios. Note that “multi-carrier” here does not mean cross-carrier activation, it means UE may be connected with the anchor cell and send the UL WUS (to either anchor cell or NES cell) to activate an NES cell.
Based on the post119-e email discussion, some companies think the scenario is mostly for single carrier case; the benefit is diminished for multi-carrier case, as the anchor cell can be used instead and is already awake. Besides, for multi-carrier case, we are already discussing other mechanisms like “SSB-less” and “SIB-less”, which are sufficient.

In [1], it is proposed that both single-carrier and multi-carrier are supported. Because if leaving to NW implementation to turn on NES cells when the traffic load increases, it will cause energy waste when some NES cell provides service only to few UEs. [2] thinks at least single carrier should be supported and the targeted scenario could be an NES cell is only for capacity boosting and only triggered for higher throughput purpose, but open to discuss multi-carrier case.
In [8], it is proposed that WUS is only performed on anchor cell. This discussion can be postponed until RAN2 makes the decision of whether multi-carrier is supported for WUS.

Proposal 2: UL WUS is applicable to single-carrier scenario and UEs in RRC_IDLE/INACITVE. Discuss whether it applies to multi-carrier scenario and UEs in RRC_CONNECTED.
2.1.3 Signalling details
No related proposals are given in company contributions. The rapporteur thinks the signalling details mainly involve how to inform UEs of the DRS/WUS configuration, which can be further discussed in the WI phase.
2.1.4 Criteria for triggering WUS
The following conditions are mentioned for triggering WUS by [1]:
· If the cell on which the UE is camping is to enter certain NES state and the UE cannot camp on it, UE WUS can be triggered
· If the UE cannot find a suitable cell to camp on upon cell reselection, UE WUS can be triggered
· If the UE detects reference signal from the WUS-capable NES cell, UE WUS can be triggered
The rapporteur’s understanding is that, at least for single-carrier case, DRS is a prerequisite for the UE to trigger WUS (i.e., the 3rd bullet above). The 1st and 2nd bullets intend to say that UE is not forced to trigger WUS when detecting a cell transmitting DRS, for instance, if the UE is already camping on an NES cell, or the UE can find normal cells are suitable cell, it does not need to trigger WUS and camp on an NES cell.

From TR’s perspective, there are still some ambiguities in the wording of the 1st and 2nd bullets
For bullet 1: What does “UE cannot camp on it” refer to? In 38.304 we have the definition “Camped on a cell: UE has completed the cell selection/reselection process and has chosen a cell. The UE monitors system information and (in most cases) paging information.” But in R18 NES, the definition of “Camping” needs revisions as we allow the NES cell to no transmit SIB and/or paging.

For bullet 2: In this case, which cell should the UE send WUS to?

Since the intention is that, UE does not need to trigger WUS to NES cell if there are available normal cells, either we capture this criteria specifically, or we leave it to the discussion of cell prioritization/de-prioritization (we already agreed that NES cells can be de-prioritized):

Option 1: The condition for triggering WUS includes: DRS is detected.

Option 2: The condition for triggering WUS includes: no suitable cell is found
, discuss how to define “suitable cell” for NES-capable UEs.
[2] mentions triggering a throughput boost would be one of the conditions for WUS, but no details are given.
Proposal 3: Discuss the criteria for triggering WUS:
· Option 1: If the UE detects DRS for the NES cell, it can send WUS to the NES cell. UE can measure DRS and follow the legacy cell selection/reselection criteria. Whether to de-prioritize the NES cell is a separate discussion.
· Option 2: If the UE cannot find a suitable cell, it can send WUS to the NES cell, discuss how to define “suitable cell” for NES-capable UEs.


2.2 BWP adaptation
Only one company mentions BWP related enhancements [5]. Since RAN1 is also discussing BWP adaptations, and RAN2 impacts (e.g. signalling support) can be discussed further in the WI phase, the rapporteur’s suggestion is to not discuss BWP adaptation in this RAN2 meeting.
2.3 Assistance information

The following guidance is made by the Session Chair under the AI:
General UE assistance contributions will be deprioritized.  Specific UE assistance aspects relating to the identified solutions can be proposed as part of other contributions.  
Therefore, the proposals in [3]

 REF _Ref118751083 \r \h 
[7] about general UE assistance information are deprioritized. No proposal is given in this summary.
2.4 Miscellaneous
[4] proposes some enhancements related to NES states: transition between NES states can be determined by gNB or CN, and the NES state is made aware to the UE; UE can also request the expected NES state, based on some configured thresholds. Due to lack of inputs from other companies, the rapporteur’s view is that they can be postponed to future releases.

For [6], the WUS related parts are already incorporated in the previous discussions. Apart from that, the rapporteur understands [6] has a keen interest in longer periodicity of synchronization signals while attaining acceptable initial access performance, and two solutions are proposed 1) define a System Presence Indicator (SPI); 2) denser SSB/synchronization prior to PO/PEI. For 1), the solution of SPI is more elaborated in the proponent company’s RAN1 paper R1-2209612, and this solution should be discussed and concluded by RAN1. For 2), considering this has not been discussed in previous RAN2 meetings, and due to lack of inputs from other companies, the rapporteur’s view is that they can be postponed to future releases.

In [7], load information exchange between network nodes is proposed, the rapporteur’s view is that this should be discussed in RAN3. [7] also proposes dynamic beam on-off, with the enhancements of beam level load information measurement and exchange between network nodes, and beam level access control. Considering this has not been discussed in previous RAN2 meetings, and due to lack of inputs from other companies, the rapporteur’s view is that they can be postponed to WI phase, as RAN3 has already agreed inter-node beam activation.

It is proposed in [8] to discuss the definition of an NES cell. There is already an FFS under cell selection/reselection (“FFS the definition of NES cells.”) in RAN2 #119bie-e, and an Editor’s note in the TP (R2-2211417):

Editor's note: FFS whether to keep the terminology of “NES cells” and its definition, or change it to“a cell that uses an NES technique”.

Therefore the discussion will take place there.
[8] also proposes to discuss paging discuss paging enhancements at anchor cell for UEs camping on an NES cell, which is in the scope of the other AI and summary.
In [9], it is proposed that UL WUS and BWP adaptation are recommended, other proposals are related to the discussion under other AIs. The rapporteur’s view is that whether to recommend UL WUS and BWP can wait until the techniques are better understood, no proposal is made in this summary for the moment.
3 Conclusion

In this contribution, we summarize the contributions submitted to 8.3.6, and the following proposals are recommended to be discussed during RAN2 #120.
Proposal 1: The use case of WUS includes:

· Request transitioning of a gNB inactive state to an active state for transmitting/receiving a channel/signal (e.g. SSB/SIB)
· Change SSB periodicity from a large value (e.g., 160ms) to a regular value (20ms)
Proposal 2: UL WUS is applicable to single-carrier scenario and UEs in RRC_IDLE/INACITVE. Discuss whether it applies to multi-carrier scenario and UEs in RRC_CONNECTED.

Proposal 3: Discuss the criteria for triggering WUS:

· Option 1: If the UE detects DRS for the NES cell, it can send WUS to the NES cell. UE can measure DRS and follow the legacy cell selection/reselection criteria. Whether to de-prioritize the NES cell is a separate discussion.

· Option 2: If the UE cannot find a suitable cell, it can send WUS to the NES cell, discuss how to define “suitable cell” for NES-capable UEs.
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�We agree that the definition of ‘suitable cell’ or ‘a cell on which UE can camp’ can be FFS in normative work.


�What we intend to discuss is that if there is no suitable cell is found, WUS can be triggered. DRS is a separate discussion in option 1. Therefore, we suggest to revise option 2 as:


Option 2: The condition for triggering WUS includes: if DRS is detected, and no suitable normal cell is found�, FFS how to define ‘suitable cell’ for NES-capable UE.





We want to clarify that ‘no suitable cell is found, WUS can be triggered’ does not mean that a UE cannot trigger WUS if there is suitable cell. 





The motivation of this option is to express that if there is indeed not any suitable cell around, UE use WUS to try to wake up a WUS-capable cell so that it can camp on it.


�Same as above, suggest to revise as:


Option 2: The condition for triggering WUS includes: if no suitable cell is found, it can send WUS to the NES cell. FFS how to define ‘suitable cell’ for NES-capable UE.


�OK, revised. But it is still open whether Option 1 and Option 2 are mutually exclusive or should be combined.





