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[bookmark: _Ref35586532]Introduction
In RAN2#125bis, the following agreements were achieved [1].
Agreements:
1. With regard to link level enhancement, RAN2 waits for RAN1 agreement on the DL channels to enhance before starting any RAN2 work.
2. [bookmark: OLE_LINK26][bookmark: OLE_LINK27]We will continue the discussion on RAN2 aspects of DL coverage enhancements (e.g. cell level / beam level DTX/DRX mechanism, etc.) in the next meetings, trying to identify questions to RAN1 for aspects where we need their input
In this contribution, the questions to RAN1 for the aspects where RAN2 need RAN1 input are identified and discussed.
Discussion
On issues with potential RAN2 impacts
For the system-level enhancement, the potential enhancements at RAN2 side that need RAN1’s input are discussed below by the following aspects.
Issue#1: Enhanced SSB pattern for the DL coverage enhancement
RAN1 is discussing DL coverage enhancement at a system level, i.e. to support limited active beams serving huge number of beam footprint positions. RAN1 is working on the evaluation of the SSB coverage with different SSB periodicities. Based on that, in RAN2#125bis, RAN2 discussed whether cell level or beam level DTX/DRX mechanism is needed. 
From our perspective, whether a cell/beam level DTX/DRX mechanism is needed for NTN DL coverage enhancement depends on RAN1’s decision on the SSB pattern. 
1) If the SSB periodicity is not extended, the system-level enhancements to support limited active beams serving huge number of beam footprint positions cannot be realized. In this situation, using an NES-like cell DTX/DRX mechanism which was originally designed to just reduce the energy consumption of the NW does not help in NTN, as it cannot concentrate the beam energy to raise the EIRP of each beam as the goal of the WID [2]. To this end, such cell/beam level DRX/DTX should not be further considered as a DL coverage enhancement tool in NR NTN.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Observation 1: If the SSB periodicity is not extended, cell/beam level DTX/DRX mechanism cannot concentrate the beam energy to raise the EIRP of each beam, and thus does not help the DL coverage enhancements target as specified in the WID. 
2) If the SSB periodicity is extended, there would be some potential RAN2 impacts, e.g., how to implement the extended SSB periodicity. Companies in the last meeting also proposed to support beam level DRX/DTX to provide different status for beams of one NTN cell to serve areas with different UE densities, e.g. with the inactive/active state of DTX/DRX implementing as the inactive/active beam state.
Observation 2: If the SSB periodicity is extended, there would be possibility to concentrate the beam energy to raise the EIRP of each beam which is the goal of the WID with potential beam active/inactive status applied. NES-like DTX/DRX mechanism could be used/adapted to implement the different cell/beam status.
Towards Issue 1, we think the key question that needs to be answered is whether the SSB pattern is going to be changed in Rel-19 NR NTN, specifically whether extended SSB periodicity is to be supported. This may need to be answer by RAN1. 
Proposal 1: Ask RAN1 whether the existing SSB pattern for an NR cell (e.g. SSB position in burst, SSB index number, etc.) is changed in Rel-19 NR NTN, and whether the SSB periodicity is extended compared with existing TN values.
Question#2: Whether UL beam hopping is within the scope of WID
In Rel-18 NES, both cell DTX and cell DRX are supported. According to [2], only the DL beam hopping is included for Rel-19 NR NTN, and this relates mostly to the cell/beam DTX discussion. However, it is unclear whether the UL hopping for NTN is also needed and really helps the DL coverage enhancements at all. In more detail, if the serving satellite beam provides service for one beam footprint with both DL and UL transmissions, the cell/beam DRX could directly reuse the corresponding DTX mechanism, and the study on cell/beam level DTX could directly cover DRX. However if the DL and UL transmissions are provided respectively by different satellite within different period in time domain, separate discussion on cell/beam level DRX may need to be additionally considered and discussed, on top of the DTX discussion. This issue should be eventually decided by RAN1, as the bean deployment and its hopping pattern is inherently a RAN1 issue.
Observation 3: Whether UL beam hopping that is separate from DL beam hopping is within the scope of WI needs to be clarified by RAN1, and this leads to impacts on whether RAN2 needs to consider a separate cell/beam DRX mechanism.
Proposal 2: Ask RAN1 whether UL beam hopping that is separate from DL beam hopping is within the scope of the WI (which relates to whether separate cell/beam DRX needs to be further considered by RAN2). 
Question#3: Whether to support cell/beam level DTX/DRX mechanism for RRC_IDLE/RRC_INACTIVE UE
In RAN1#116, the following agreements [3] were achieved for DL coverage enhancement at a system level. Three beam states are defined.
	For system level study based on analytical evaluation:
· N1 beam footprints are in state “off”
· These beam footprints are not served by any signal (no satellite service in this area)
· N2 beam footprints are in state “common messages only”
· These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
· Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation
· N3 beam footprints are in state “active traffic” 
· These beam footprints have X active (e.g. VoNR) users each.
· These beam footprints are also served the necessary information for cell discovery and initial access
· N1 + N2 + N3 = “Total number of beam footprints “ 
· N1, N2, N3, X are to be reported by companies.
· Resource utilization obtained under the assumptions above is to be reported by companies.
· Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.


From our perspective, the N1/N2/N3 states should not affect the broadcast of SSB. From the NW deployment perspective, N1 state of the beam footprint should not happen at the time when SSB periodically appears according to the SSB periodicity. That is, N1/N2/N3 beam states should be deployed in a way as shown in below figure 1(a), but should NOT be deployed in a way as shown in below figure 1(b).


Figure 1(a): N1/N2/N3 states that do not impact periodic SSB broadcast


Figure 1(b): N1/N2/N3 states that impact periodic SSB broadcast
No matter how the SSB periodicity is extended, the UE should be able to detect SSBs and determine the certain SSB index. Then, for RRC_IDLE/RRC_INACTIVE UE, the PRACH occasions are still mapped with SSB index and thus can still be determined based on the determined SSB index as in legacy. The common search space for paging/SI/RA can also be determined based on the detected SSBs as in legacy. In particular, NW could configure suitable periodicity and offset for common search space/RO, to make sure that the PDCCH occasions/RO occasions are present only when the corresponding beam is active. Meanwhile, NW could via proper scheduling ensure the SI/paging/RAR reception occurs when the corresponding beam is active. At the UE side, a UE can determine the common search space for paging/SI acquisition/RA and PRACH occasions, and perform corresponding IDLE/INACTIVE procedure based on the legacy mechanism.
Proposal 3: RAN2 assumes that no matter whether the SSB periodicity is extended or not, the N1/N2/N3 state of beam footprint should not impact the periodic broadcast of SSB (i.e. N1 beam footprint should not cover any SSB transmission opportunities). 
Proposal 4: RAN2 assumes that via proper NW configuration, the UE can determine the common search space (for paging/SI acquisition/RA) and PRACH occasions, and perform related IDLE/INACTIVE procedure based on legacy mechanisms. No impact to UE behaviour is foreseen.
Proposal 5: Ask RAN1 to confirm the assumption in Proposal 3/4.
Hence, there is no need to support any forms of cell/beam DTX/DRX mechanism for RRC_IDLE/RRC_INACTIVE. 
Proposal 6: Cell/beam DTX/DRX mechanism is not supported for RRC_IDLE/RRC_INACTIVE.
LS to RAN1
Based on the analyses in section 2.1, we propose to send LS to RAN1 with the following questions for clarification:
Proposal 7: Send LS to RAN1 with the following questions for clarification:
· Whether the existing SSB pattern for an NR cell (e.g. SSB position in burst, SSB index number, etc.) is changed in Rel-19 NR NTN, and whether the SSB periodicity is extended compared with existing TN values.;
· Whether UL beam hopping that is separate from DL beam hopping is within the scope of Rel-19 NR NTN WI;
· RAN2 assumes that N1/N2/N3 states of beam footprint should not impact the periodic broadcast of SSB, and UE can determine the common search space (for paging/SI acquisition/RA) and PRACH occasions and perform related IDLE/Inactive procedure as in legacy. Whether RAN1 has any concern on this.
A draft LS is given in the Annex and can be adopted as a baseline if proposal 7 is agreeable.
Conclusion
In this contribution, supportive of broadcast service via NR NTN is discussed with giving corresponding proposals:
Observation 1: If the SSB periodicity is not extended, cell/beam level DTX/DRX mechanism cannot concentrate the beam energy to raise the EIRP of each beam, and thus does not help the DL coverage enhancements target as specified in the WID. 
Observation 2: If the SSB periodicity is extended, there would be possibility to concentrate the beam energy to raise the EIRP of each beam which is the goal of the WID with potential beam active/inactive status applied. NES-like DTX/DRX mechanism could be used/adapted to implement the different cell/beam status.
Proposal 1: Ask RAN1 whether the existing SSB pattern for an NR cell (e.g. SSB position in burst, SSB index number, etc.) is changed in Rel-19 NR NTN, and whether the SSB periodicity is extended compared with existing TN values.
Observation 3: Whether UL beam hopping that is separate from DL beam hopping is within the scope of WI needs to be clarified by RAN1, and this leads to impacts on whether RAN2 needs to consider a separate cell/beam DRX mechanism.
Proposal 2: Ask RAN1 whether UL beam hopping that is separate from DL beam hopping is within the scope of the WI (which relates to whether separate cell/beam DRX needs to be further considered by RAN2). 
Proposal 3: RAN2 assumes that no matter whether the SSB periodicity is extended or not, the N1/N2/N3 state of beam footprint should not impact the periodic broadcast of SSB (i.e. N1 beam footprint should not cover any SSB transmission opportunities). 
Proposal 4: RAN2 assumes that via proper NW configuration, the UE can determine the common search space (for paging/SI acquisition/RA) and PRACH occasions, and perform related IDLE/INACTIVE procedure based on legacy mechanisms. No impact to UE behaviour is foreseen.
Proposal 5: Ask RAN1 to confirm the assumption in Proposal 3/4.
Proposal 6: Cell/beam DTX/DRX mechanism is not supported for RRC_IDLE/RRC_INACTIVE.
Proposal 7: Send LS to RAN1 with the following questions for clarification:
· Whether the existing SSB pattern for an NR cell (e.g. SSB position in burst, SSB index number, etc.) is changed in Rel-19 NR NTN, and whether the SSB periodicity is extended compared with existing TN values.;
· Whether UL beam hopping that is separate from DL beam hopping is within the scope of Rel-19 NR NTN WI;
· RAN2 assumes that N1/N2/N3 states of beam footprint should not impact the periodic broadcast of SSB, and UE can determine the common search space (for paging/SI acquisition/RA) and PRACH occasions and perform related IDLE/Inactive procedure as in legacy. Whether RAN1 has any concern on this.
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Annex: Draft LS to RAN1
Title:	[Draft] LS on DL coverage enhancements in NR NTN
Response to:	-
Release:	Release 19
Work Item:	NR_NTN_Ph3-Core

Source:	CATT (to be RAN2)
To:	RAN1
Cc:	-
Contact Person:	
Name:	
E-mail Address:	

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	-


1. Overall Description:
RAN2 is discussing whether cell/beam level DRX/DTX mechanism needs to be introduced in NR NTN to support DL coverage enhancements at a system level. 
RAN2 would like to ask following questions for clarification from RAN1:
1. Whether the existing SSB pattern of an NR cell (e.g. SSB position in burst, SSB index number, etc.) can be assumed also in Rel-19 NR NTN, and whether the SSB periodicity is extended compared with existing TN values;
2. Whether UL beam hopping is within the scope of Rel-19 NR NTN, and if yes, whether the UL beam hopping is separately deployed from DL beam hopping;
3. RAN2 assumes that N1/N2/N3 states of beam footprint should not impact the periodic broadcast of SSB, and UE can determine the common search space (for paging/SI acquisition/RA) and PRACH occasions, and perform related IDLE/Inactive procedure as in legacy. Whether RAN1 has any concern on this.

2. Actions:
[bookmark: _Hlk46227635]To RAN1
ACTION:	 RAN2 respectfully asks RAN1 to provide feedback on the above questions.

3. Date of Next RAN2 Meetings:
[bookmark: _GoBack]TSG-RAN WG2#127                      2024-08-19 to 2024-08-23		Maastricht, NL
TSG-RAN WG2#127bis	2024-10-14 to 2024-10-18		TBD, CN

	5/5	
image1.emf
SFN

SSB periodicity

SSB burst of a cell

N2

N3 N2

N2

N3 Beam off Common messages only Active traffic

N1

N1

N1

SSB periodicity SSB periodicity

N3

N1


oleObject1.bin
SFN


N2



image2.emf
SFN

SSB periodicity

SSB burst of a cell (appeared)

N2

N3

N2

N2

N3 Beam off

Common messages only Active traffic

N1

N1

N1

SSB periodicity SSB periodicity

SSB burst of a cell (skipped)


oleObject2.bin
SFN


SSB periodicity



