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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]In RAN#104, 22 contributions propose a scope clarification for the release 19 work item on enhancements for NR NTN. This document summarizes the proposals made in those contributions (section 4), and provides proposals for discussion towards possible clarifications of the work item scope (section 2).
Moderator’s proposals
Downlink coverage enhancements
15 contributions discuss the RAN1 progress on the study phase for DL coverage enhancements at link and system level. Most companies ask for a clarification to a note in the WID, whether that note allows considerations of SSB periodicities larger than 20 ms for system-level enhancements.

At RAN#104:
· System-level aspects: 9 companies support allowing to study SSB periodicities larger than 20 ms, with possible limitations (whether to limit to max 160 ms or consider larger periodicities) and considerations of UE cell search complexity. 2 companies are against considering SSB periodicities larger than 20 ms. 
· Link-level aspects: 3 companies propose (different) lists of physical channels targeted for link level coverage enhancements, while 2 companies propose not to do any link level coverage enhancements in Rel-19. One company argues that satellite parameters Set 1-3 is not based on realistic assumptions.

Based on the above companies’ views, RAN plenary should clarify the WID with respect to allowing or not considering SSB periodicities larger than 20 ms for the study on system-level coverage enhancements. Regarding link-level enhancements, it is the moderator’s view that it would be preferable to have a list of targeted channels/signals coming from RAN1, rather than deciding on the list at RAN plenary level.

Moderator proposal 1.0
Update the WID objective on DL coverage enhancements:

[bookmark: _Hlk153196886]Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· RAN1 to report at RAN#105 with the list of targeted physical channels/signals for link level enhancements (if any), and with the targeted system-level enhancements (if any)
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement for improved link level performance is not considered
· For system-level enhancements, study is allowed for potential extension of SSB periodicity beyond 20 ms for initial access and/or beyond 160 ms after initial access, considering UE cell search complexity.
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study

	Company
	Comments on moderator proposal 1.0

	Thales
	As per initial WID scope, RAN1 shall discuss system level enhancement (i.e. SSB periodicity extension). The details of SSB periodicity extension should be defined by RAN1 (e.g. extension duration, raster restriction if any, etc..)

	ESA
	RAN1 shall define system level enhancements, and SSB periodicity extension is one solution already identified.

	MediaTek
	Support moderator proposal

	vivo
	We have concerns on including the SSB periodicity extension beyond 20 ms into the work scope, especially considering the performance degradation on the UE, as well as any potential impacts to legacy UEs.
Given the great interests from other companies on study this, as a comprise we can accept to continue this study in RAN1, however with a clear clarification that any potential enhancements should not impact the legacy UEs, e.g., only applicable to NTN UEs. Specifically, the following note should be added together (thanks Nicolas providing the wording!):
· Notes for this objective:
…
· The system level enhancements defined in this WID only apply to NTN operation.
Regarding the SSB periodicity extension beyond 160 ms, it may have great impacts on many aspects of the system, including RAN2 and RAN4. In our view this is a significant up-scoping that should be avoided.


	LGE
	We are not sure if WID revision needs to mention SSB periodicity beyond 160 ms. Also, UE cell search complexity may not be the only issue to be considered in the related study as already captured in RAN1 agreement in a more general way “Note: RAN1 will further investigate the impact of SSB periodicity extension.”
So, if RAN agrees to allow RAN1 to study SSB periodicity extension, we suggest the following wording:
For system-level enhancements, study is allowed for potential extension of SSB periodicity beyond 20 ms, considering the impact of such an extension.

	ZTE
	We are fine to clarify the scope to align with the original justification in the WID. 

	Apple
	The current wording seems too broad, and beyond what the proponents have asked for. This potentially create more clarifications down the road. We prefer to precisely outline the scope to address the need of the proponents, and would suggest the following:
· SSB channel enhancement other than periodicity extension is not considered



	Eutelsat Group
	We support the proposal from the moderator. Extension of SSB periodicity should be considered as a major enabler of coverage enhancements.

	xiaomi
	For note, we think the modification on the first sub-bullet alone is sufficient. For the newly added bullet under first sub-bullet is a little bit confusing. In the satellite coverage, there are different UEs with different procedure which rely on the same SSB. To be specific, some UEs are conducting initial access while the other have already finish initial access. Hence, it is quite vague to assume two kinds of SSB periodicity as it is not possible to have single type UE in the system.

	CATT
	We support the proposal in principle.

For the details of extension of SSB periodicity, it is preferred to be discussed in RAN1 so we suggest removing the yellow highlighted part in the proposal.
· For system-level enhancements, study is allowed for potential extension of SSB periodicity beyond 20 ms for initial access and/or beyond 160 ms after initial access, considering UE cell search complexity.


	Inmarsat
	We are ok with the moderator proposal, however we highlight SSB periodicity extension is arguably the most important enhancement identified and should be defined.  RAN1 can further discuss the details and extent.

	CMCC
	We share similar view as Thales and CATT that the details of SSB periodicity extension can be discussed and defined by RAN1 (e.g., whether to allow SSB periodicity beyond 160ms).
· SSB channel enhancement for improved link level performance is not considered
· For system-level enhancements, study is allowed for potential extension of SSB periodicity beyond 20 ms for initial access and/or beyond 160 ms after initial access, considering UE cell search complexity.


	CSCN
	We agree with the moderator’s proposal. The details of SSB periodicity extension should be studied in RAN1.

	OPPO
	We think the following update to the note is needed.
· Notes for this objective:
· SSB channel enhancement for improved link level performance is not considered
· For system-level enhancements, study is allowed for potential extension of SSB periodicity beyond 20 ms for initial access and/or beyond 160 ms after initial access, considering UE cell search complexity.

	Google
	Support the moderator’s proposal




Moderator proposal 1.2 (offline consensus)
Update the WID objective on DL coverage enhancements:

Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· RAN1 to report at the latest by RAN#106 with the list of targeted physical channels/signals for link level enhancements (if any), and with the targeted system-level enhancements (if any)
· RAN1 should report on any impact to backward compatibility for potential extension of the SSB periodicity at the latest by RAN#106, in conjunction with the targeted system-level enhancements.
· Notes for this objective:
· SSB channel enhancement other than SSB periodicity extension is not considered
· The SSB periodicity enhancements potentially defined in this WID only apply to NTN operation
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study


Uplink capacity enhancements
16 contributions discuss the checkpoint for RAN1 on uplink capacity enhancements. 

RAN1 has agreed to support OCC for PUSCH in Rel-19 NR NTN at least for PUSCH with Type A repetition, at least with code length 2 or 4. RAN1 has identified 3 potential solutions allowing multiplexing up to 4 UEs, and included an FFS point for the combination of solutions allowing multiplexing 8 UEs.

At RAN#104:
· All 16 companies propose to start the normative work based on RAN1 progress
· 9 companies prefer to leave the down-selection of solutions to RAN1
· At least 6 companies support to task RAN1 to specify only one solution
· 6 companies propose to specify only inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· 8 companies propose to support multiplexing for up to 4 UEs, but not for 8 UEs

Based on the above companies’ views and considering the limited TU available in RAN1, RAN plenary should discuss the possibility to focus the work for RAN1 to a single solution. 

Moderator proposal 2.0
Update the WID objective on the support of Uplink Capacity/Throughput Enhancement for FR1-NTN:
Uplink Capacity/Cell Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) for multiplexing 2 or 4 UEs when PUSCH repetitions are used
· By RAN#105, select one of the following OCC techniques to specify:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4 with minimal change to existing UCI multiplexing rule
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

	Company
	Comments on moderator proposal 2.0

	Thales
	Agree

	ESA
	Already agreed online

	MediaTek
	Support moderator proposals

	LGE
	As RAN1 agreed to specify “at least” one of the OCC techniques, we suggest to align the WID revision with it by adding “at least” after “By RAN#105, select.”

	ZTE
	Partially agree with two following comments:
1. In addition to down-select, we also need to clearly highlights that combination between solution is precluded;
· For the second part “with minimal change to existing UCI multiplexing rule”, we prefer to remove it and further details can be handled in RAN1. BTW, it’s not a unique problem for inter-slot OCC.

	New H3C
	Agree 

	Eutelsat Group
	We support the proposal from the moderator

	Xiaomi
	Agree.

	CATT
	We support to down-select to one solution. 

	Inmarsat
	We still think agreeing now on just down-selecting one solution, without allowing the possibility of a solution that may combine more than one technique would be a mistake. 
We propose to add the following:

· By RAN#105, select one of the following OCC techniques to specify:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4 with minimal change to existing UCI multiplexing rule
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· A solution combining multiple techniques is not precluded

We would also prefer to remove the “when PUSCH repetitions are used” restriction, given that intra-symbol OCC can have multiplexing benefits irrespective of time domain repetitions.

	CMCC
	Support

	InterDigital
	We prefer to leave it to RAN1 whether one or multiple OCC schemes to be specified.

	OPPO
	OK

	Google
	We also think we should say “select at least one” instead of “select one”




Moderator proposal 2.1
Update the WID objective on the support of Uplink Capacity/Throughput Enhancement for FR1-NTN:

Uplink Capacity/Cell Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) for multiplexing 2 or 4 UEs when PUSCH repetitions are used
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

	Company
	Comments on moderator proposal 2.1

	Samsung
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]We think some guidance from RAN can be useful, e.g., task to down select to one.  We can also live with current version, with a common understanding that RAN 1 will continue the discussion with previous agreement. 

	Qualcomm
	Unsure why this topic is needed for further decisions after the initial on-line round. We thought it was decided that there is no scope update for this objective at this meeting. Having said that, Moderator proposal 2.1 would be acceptable to us. 

	LGE
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]We agree with moderator proposal 2.1.

	Spreadtrum
	We support moderator proposal 2.1

	New H3C
	OK with proposal 2.1

	NEC
	We support “down select to at least one”.
We also support removing the “when PUSCH repetitions are used” restriction as Immarsat suggested.

	OPPO
	In the version 2.1, the moderator removes all the candidate OCC techniques from the previous version. Is the intention to leave RAN1 to discuss or to further make the technique scope border? Could moderator give some hints?

	Moderator
	Response to OPPO: There is no broadening of the list of candidates schemes if we don’t list them in the WID. RAN1 can only continue discussion based on current RAN1 agreements.

	DOCOMO
	We think no down scoping is necessary even for the number of # of multiplexed UEs, based on the guidance from RAN chair during Monday online.
Following moderator’s comment “RAN1 can only continue discussion based on current RAN1 agreements.”, the WID should say “for at least multiplexing 2 or 4 UEs when PUSCH repetitions are used” based on the following RAN1 conclusion.

Conclusion
OCC with PUSCH can support at least multiplexing of 2 or 4 UEs and achieve up to 2 or 4 times capacity gains respectively, when repetitions are used.
Note: the actual gain may be less due to e.g. intra/inter cell interference.


	Apple
	Support the proposal. Further down selection can be done in RAN1.

	Xiaomi
	Support. We share the view that down-selection can be done in RAN1.

	CATT
	Although we have a preference to down-select to one solution, we are fine with the proposal.





Offline consensus
Update the WID objective on the support of Uplink Capacity/Throughput Enhancement for FR1-NTN:

Uplink Capacity/Cell Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify Orthogonal Cover Codes (OCC) for, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) at least for multiplexing at least 2 or 4 UEs when PUSCH repetitions are used
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design



Support of HD-FDD €RedCap Ues
17 contributions discuss the checkpoint for RAN1 on whether any essential changes are needed for the support of half-duplex FDD RedCap and eRedCap Ues. 

At RAN#104:
· 14 companies propose to start normative work for RAN1 to address issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB.
· 3 companies think that RAN1 did not identify essential changes needed for the support of HD-FDD RedCap and eRedCap Ues. Two of these companies are open to normative work.
· 7 companies propose to limit normative work only for HD collision cases 3 and 4, while 5 other companies consider normative work at least for cases 3 and 4.
· 4 companies propose to specify collision rules for cases 3 and 4 (which are error cases so far).
· 4 companies propose to enhance TA reporting (e.g. to mandate TA reporting and/or to define a finer TA reporting granularity). 2 companies are opposed to TA enhancements.
· 3 companies propose to also consider handling of collisions with SIB19, and a few companies propose additional considerations e.g. enhancements for slot counting, invalid symbol determination, actual TDW determination.

Based on the above companies’ views and considering the limited TU available in RAN1, RAN plenary should discuss the possibility to focus the work for RAN1 (e.g. limited to cases 3 and 4) while allowing RAN1 to complete its study of potential solutions and impact to system information reception.

Moderator proposal 3.0
Support of Rel-17 RedCap and Rel-18 eRedCap Ues with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex and half-duplex FDD RedCap and eRedCap Ues, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap Ues and eRedCap Ues, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 specify enhancements for mitigating issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB [RAN1]
· Enhancements are targeted for the following HD collisions cases (cases 3 and 4):
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Candidate solutions for enhancements are limited to defining new priority rules for the targeted HD collision cases and/or TA reporting enhancements.
· Note: enhancements for HD collision cases 1, 2, 5, 6, 7 are not targeted. Enhancements for HD collision cases 3 and 4 that may improve cases 1, 2, 5, 6, 7 are not precluded.
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.

	Company
	Comments on moderator proposal 3.0

	Thales
	Agree

	ESA
	Agree

	MediaTek
	[bookmark: OLE_LINK41]We do not support current version of proposal. The necessity of new enhancement is not really justified. RAN1 conclusion reflected RAN1 understanding of the issue for collision cases 3 and 4, yet existing Koffset solutions specified in Release 17 for NTN can be used to resolve the issue, as clarified in RP-241359.

We therefore suggest the following updates:
· For HD-FDD RedCap Ues and eRedCap Ues, further study the necessity of new enhancements for mitigating issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB [RAN1]
· Enhancements are targeted for the following HD collisions cases (cases 3 and 4):
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission 
Comparison with at least solutions utilizing Rel-17 Koffset designs and report to RAN#105 for decision of necessary work scope, if identified

	LGE
	As RAN1 agreement has a note “Note: further discussion on other cases is not precluded” and specific solution format like the priority rule or TA reporting was not concluded yet, we would like to make the text a bit more generic: We suggest deleting “Candidate solutions for enhancements are limited to defining new priority rules for the targeted HD collision cases and/or TA reporting enhancements.” And updating the note to “Note: Further discussion on other cases is not precluded. For collision cases 1, 2, 5 and 6, the existing priority rules can be reused for a HD-FDD €RedCap UE in NTN.”


	ZTE
	We are still not convinced about the justification on the “essential” about this feature. 

	Apple
	On the candidate solutions, it would be helpful that RAN can provide some guidance to further narrow down to save time in RAN1. We believe a collision handling rule is needed anyway due to the mismatch of TA assumption at gNB and the actual TA at UE. 
On the other hand, we don’t see a strong motivation to enhance TA reporting further, as the current UE TA report already has resolution of slot (which is comparable to scheduling granularity in NTN), and TA reporting threshold already support minimal value of 0.5ms. More frequent TA report would also have power penalty to the eRedCap devices. 
We suggest to update the bullet as the following:
· Candidate solutions for enhancements are limited to defining new priority rules for the targeted HD collision cases and/or TA reporting enhancements

	Eutelsat Group
	We support the proposal from the moderator

	Xiaomi
	For the newly added red parts, we propose to remove the last two sub-bullets.
Basically, we think high level guidance/description like main bullet is sufficient. For the detail solutions on how to handle the target issue should leave to WG discussion. For the last note, it is unclear what solutions will be adopted to mitigate TA mis-alignment issue.  Whether the solution specified for collision case 3 and case 4 can be applied to the other cases depends on the further discussion in RAN1.

	CATT
	We support the proposal. Given that TA reporting enhancements may potentially impact RAN2, can we add RAN2 as secondary WG of the objective?

	Inmarsat
	We don’t have a strong view on the need for the specific enhancements proposed, but we should make sure that we mitigate any issue that might cause RedCap devices to impact the NTN cell capacity, because that would have a significant impact on the business viability.

	CMCC
	Support. We support to enhance the TA reporting to facilitate the scheduling of gNB to avoid the collisions, but the detailed TA reporting enhancements should be further discussed and decided in RAN1. Simply mandating TA reporting and/or defining a finer TA reporting granularity may be helpful but the reporting overhead should also be considered. We think on-demand TA reporting (e.g., based on gNB triggering) should also be considered since not all the Ues in the same beam footprint need to report the TA, instead it may be enough to let only one or few Ues report the TA.

	InterDigital
	We have a bunch of the collision cases other than Cases 1-7 agreed to study and RAN1 couldn’t have a chance to discuss on those cases due to the time limit. It would be good to leave some room for RAN1 to discuss those cases. As such, we support the update of note as LGE proposed.

	OPPO
	OK

	Google
	Support the moderator’s proposal



Moderator proposal 3.1
Support of Rel-17 RedCap and Rel-18 eRedCap Ues with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex and half-duplex FDD RedCap and eRedCap Ues, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap Ues and eRedCap Ues, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 specify enhancements for mitigating issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB [RAN1]
· Enhancements are targeted for the following HD collisions cases (cases 3 and 4):
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Note: enhancements for HD collision cases 1, 2, 5, 6, 7 are not targeted. Enhancements for HD collision cases 3 and 4 that may improve cases 1, 2, 5, 6, 7 are not precluded.
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.

	Company
	Comments on moderator proposal 3.1

	Samsung 
	We support proposal 3.1. 

	Qualcomm
	We believe that TA granularity enhancements should be added back, there was majority support for this. 
Regarding the Apple comment, we would like to point out that while PDSCH and PUSCH operation is slot based for NTN, the most important and frequent collision cases are with periodic channels that are less than a slot in duration, such as: 
· SSB
· PDCCH used for UL grants
· SRS
· CSI-RS
Without the granularity enhancements, the gNB would have to drop scheduling in two slots just because there is a collision with one or two symbols. 

	LGE
	We still think it is better to use the wording in RAN1 agreement in order to avoid potential confusion on the precise meaning of the note. The one in the current moderator proposal sounds like discussion on other cases are completely blocked, which is deviated from the RAN1 conclusion.
Suggested update:
“Note: Further discussion on other cases is not precluded. For collision cases 1, 2, 5 and 6, the existing priority rules can be reused for a HD-FDD €RedCap UE in NTN.”

	Spreadtrum
	We would rather to limit enhancement only to HD collision rules enhancements, as same as original

	New H3C
	Share the similar view with Spreadtrum .

	NEC 
	Generally support moderator proposal. But there is a typo: collisions -> collision.

	OPPO
	We agree with this proposal. It indeed sticks to the original study phase scope to focus on the collision rule.

	DOCOMO
	We think no down selection is necessary in this meeting, i.e., TA reporting enhancement should be also included, since RAN1 observed it is beneficial as below:

Observation
TA reporting is beneficial to mitigate the TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB for HD-FDD RedCap/eRedCap UE in NTN from RAN1 perspective.
· Note: complexity, power consumption and signaling overhead impact of TA reporting for (e)redcap UEs was not investigated in this work item

Regarding the note, our understanding is that RAN1 will specify enhancements targeting cases 3 and 4, while the enhancements are applicable to cases other than cases 3 and 4 as well

	Apple
	OK with the latest proposal from the moderator. 

Whether TA report enhancements should be supported or not can be further discussed in RAN1. There are basically 2 parameters involved: TA report granularity & TA report threshold. If RAN still want to do any down selection this meeting, we can exclude TA report threshold, as the current spec already support minimal value of 0.5ms. Any further reduction would provide marginal benefit at most, plus increase of power consumption.

	xiaomi
	First of all, we don’t think the note is needed. For solutions other hand case 3 and case 4, it is agreed that no enhancements are pursued. If any normative work is needed, we should focus on case 3 and case 4. Whether the potential solutions for case 3 and case 4 can also be applied to the other options should be decided in RAN1. At this stage, it is hard to say what is the interactions between two sets of collision cases as the specific solutions are not clear.

If a note is preferred by majority companies, we think it should be a clean one. For example:
· ‘Note: enhancements for HD collision cases 1, 2, 5, 6, 7 are not targeted. Enhancements for HD collision cases 3 and 4 that may improve cases 1, 2, 5, 6, 7 are not precluded.
’

	CATT
	We are not quite clear about the difference between the updated proposal and the original proposal. It seems that the following bullet is removed. Is the intention to include more potential solutions?
· Candidate solutions for enhancements are limited to defining new priority rules for the targeted HD collision cases and/or TA reporting enhancements.
Based on the feedback from companies above, it seems that companies have different understandings on the proposal. At least, we do not think the proposal limits to collision handling rule for Case 3 and 4 only. TA reporting enhancements are not precluded in the updated proposal.





Moderator proposal 3.1
Support of Rel-17 RedCap and Rel-18 eRedCap Ues with NR NTN operating in FR1-NTN bands [RAN4, RAN1, RAN2]
· For full-duplex and half-duplex FDD RedCap and eRedCap Ues, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap Ues and eRedCap Ues, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 specify enhancements for mitigating issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB [RAN1, RAN2]
· Enhancements are targeted for the following HD collisions cases (cases 3 and 4):
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Note: enhancements for other HD collision cases 1, 2, 5, 6, 7 are not targeted. Enhancements for HD collision cases 3 and 4 that may improve other HD collision cases 1, 2, 5, 6, 7 are not precluded.
· Note: potential work in RAN2 starts after RAN1 has decided on the solution.
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.



Conclusions
Moderator proposal 1 (offline consensus)
Update the WID objective on DL coverage enhancements:

Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· RAN1 to report at the latest by RAN#106 with the list of targeted physical channels/signals for link level enhancements (if any), and with the targeted system-level enhancements (if any)
· RAN1 should report on any impact to backward compatibility for potential extension of the SSB periodicity at the latest by RAN#106, in conjunction with the targeted system-level enhancements.
· Notes for this objective:
· SSB channel enhancement other than SSB periodicity extension is not considered
· The SSB periodicity enhancements potentially defined in this WID only apply to NTN operation
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study


Moderator proposal 2 (offline consensus)
Update the WID objective on the support of Uplink Capacity/Throughput Enhancement for FR1-NTN:

Uplink Capacity/Cell Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify Orthogonal Cover Codes (OCC) for , if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) at least for multiplexing 2 or 4 UEs when PUSCH repetitions are used
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design


[bookmark: _GoBack]Moderator proposal 3
Support of Rel-17 RedCap and Rel-18 eRedCap Ues with NR NTN operating in FR1-NTN bands [RAN4, RAN1, RAN2]
· For full-duplex and half-duplex FDD RedCap and eRedCap Ues, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap Ues and eRedCap Ues, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 specify enhancements for mitigating issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB [RAN1, RAN2]
· Enhancements are targeted for the following HD collisions cases (cases 3 and 4):
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Note: enhancements for other HD collision cases are not targeted. Enhancements for HD collision cases 3 and 4 that may improve other HD collision cases are not precluded.
· Note: potential work in RAN2 starts after RAN1 has decided on the solution.
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.


Summary of proposals submitted to RAN#104
Downlink coverage enhancements
Thales [3]
· Proposal 1.1 : Modify the following sub-objective as follow
· Notes for this objective:
· SSB channel enhancement for improved link level performance is not considered

vivo [4]
· Proposal 1: RAN plenary is recommended to clarify the intention of the “SSB channel enhancement is not considered” of the objective 1, e.g., whether extending the SSB periodicity is within the scope or not.
· Proposal 2: SSB periodicity extension is not preferable. In case that it is desirably and essentially to continue the investigation on the SSB periodicity, the impact to the legacy UE and the hardware implementation should be avoided.

OPPO [5]
· Proposal 1: suggest to specify necessary coverage enhancement for the following channels in R19 NR NTN WI: common PDCCH, PDSCH carrying Msg4 and PDSCH carrying SIB19. 

LGE [6]
· Proposal 3: For the topic of “Downlink Coverage Enhancements,” the plenary guidance is needed on whether the SSB periodicity extension is included the scope of the system-level study/enhancement.

Ericsson [7]
· [bookmark: _Toc168944547]Proposal 1: For an NR-NTN beam hopping based deployment, supporting SSB periodicities longer than 20ms can be beneficial (e.g., in terms of deployment flexibility) and can be supported if the corresponding technical aspects are carefully investigated.

Qualcomm [8]
· Proposal 2: For the study on “system level enhancements” for beam hopping, Rel-19 scope allows to study larger SSB periodicity than 20ms for initial access: 
· SSB periodicities larger than 160ms are not further considered in RAN1.
· If larger SSB periodicity than 20ms for initial access is specified in Rel-19, the larger SSB periodicity shall apply to a small number of raster points
· Study the feasibility by considering UE time and frequency synchronization performance against relevant requirements.

Spreadtrum [9]
· Proposal 1+2: Only parameter LEO600km Set1-1 FR1 and 1-2 FR1 can be considered in R19 NTN DL coverage enhancements. Link level enhancement is not needed in R19 NTN.
· Proposal 3+4+5: Extending the SSB periodicity should be supported to improve the coverage ratio in R19 NTN. Cell DTX/DRX mechanism in RRC idle/inactive mode should be supported. 
· Cell DTX/DRX mechanism in RRC idle/inactive mode may have the specification impacts on the following procedures for UE behavior: RRM measurement, System information updates, Paging message reception, RACH procedure, SDT.

Xiaomi [10]
· Proposal 1: Specify solutions of link level enhancements for FR1-NTN, including PDCCH and PDSCH
· Proposal 2: Specify system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.

Nokia [11]
· Proposal 2: TSG RAN to clarify that “SSB Channel enhancement is not considered” implies that the maximum SSB periodicity shall not exceed 20 ms.
· Proposal 3: TSG RAN to give guidance on realistic deployment scenarios for DL coverage enhancements.
· Observation 5: Lowering the satellite TX power by 8 dB compared to normal operation is arbitrary and has not been justified.

CMCC [14]
· Proposal 1: Without enhancement of power reduction or wider beam, to reach an almost 100% coverage ratio, the default detection period for SSBs in NTN scenarios needs to be extended to 320ms for all cases of Set1-1/1-2/1-3. 
· Proposal 2: Support the system level enhancements to improve the coverage ratio in NR-NTN phase 3, with the consideration of introducing the revisit periodicity and dwelling window.
· Proposal 3: With the understanding of both the necessity of coverage ratio enhancements of NTN and the detailed description on the system level enhancements, the extension of the SSB periodicity is within the scope.
· Proposal 4: Update the notes related to the SSBs in the WID as following
· SSB channel enhancement is not considered, except for the extension of SSB periodicity.

NTT DOCOMO [16]
· In R19 NTN, PDCCH / Msg4 PDSCH / SIB1 PDSCH / SIB19 PDSCH / 1Mbps PDSCH are enhanced for coverage extension
· Enhancement for SIB1/SIB19 is supported for other SIBs, if applicable
· Make a guidance on whether SSB periodicity extension is included or not

Huawei [17]
· Proposal: to revise Rel-19 NR NTN WID to align the objective part to the corresponding justification part:
· SSB channel enhancement for improved link level performance is not considered in this scope.

CATT [18]
· Proposal 1: RAN to clarify that SSB periodicity extension is within Rel-19 NTN WID scope to facilitate the working group discussion.

ZTE [20]
· Proposal 1: Update the description of WID as below to clarify that the intention of the note is only for link level enhancement and does not impact the discussion on SSB periodicity extension for system level enhancement:
· SSB channel enhancement is not considered for link level enhancement.
· Proposal 2: RAN1 further consider the study on link level enhancement for the identified channel(s) without exceeding the SNR limitation of the SSB detection according to realistic assumption.

CSCN [22]
· Proposal 1: SSB channel enhancement is not considered for link level DL coverage enhancement in Rel-19 WID. 


Uplink capacity enhancements
Thales [3] Proposal 2.1 : Modify the following sub-objective as follow
Uplink Capacity/Cell Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Down-select and specify one of the following Orthogonal Cover Codes (OCC) techniques to enhance DFT-s-OFDM PUSCH:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

vivo [4]
· Proposal 5: Start the normative work of objective 2 (i.e. UL OCC for PUSCH) of Rel-19 NR NTN WI after RAN#104.

OPPO [5] Proposal 2 suggest to add the following to the R19 NR NTN Ph3 normative work objective
· Specify at least one of the OCC techniques: 
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· Note: The multiplexing factor supports at least 2 and 4. When selecting the OCC techniques, further consider backward compatibility with non-Rel-19 UE. 

LGE [6]
· Proposal 1: For the topic of “Uplink Capacity/Throughput Enhancement for FR1-NTN,” RAN1 starts the normative work of specifying at least one of the OCC technique candidates.

Ericsson [7]
· Proposal 3 For UL capacity/throughput enhancements in NR-NTN, RAN1 to specify support for OCC multiplexing of up to four UEs. Down-selection of the OCC scheme(s) to use is to be performed by RAN1.
· Proposal 4 For UL capacity/throughput enhancements in NR-NTN, before considering OCC multiplexing of more than four UEs, RAN1 should study the impact of intra-cell and inter-cell interference on system level capacity.
· Proposal 5 For UL capacity/throughput enhancements in NR-NTN, before considering OCC multiplexing of more than four UEs, RAN4 should study the co-existence with terrestrial networks.

Spreadtrum [9]
· Proposal 8: For the normative phase, inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4 should be specified for R19 NTN.

Xiaomi [10]
· Proposal 4: Specify DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC). Detailed solutions can be left to WG level discussion.

Nokia [11]
· Proposal 6: TSG RAN to update the WID for uplink capacity enhancements such that OCC is applied only for inter-slot time-domain operation with PUSCH repetition Type A.

InterDigital [12]
· Proposal 1: RAN1 to specify Inter-slot and one of symbol level OCC schemes.

CMCC [13]
· Proposal 1: Support to start the normative work of DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) in the NR-NTN enhancement phase 3.
· Proposal 2: Considering both the performance and the specification impact, the inter-slot OCC scheme is preferred for the normative phase.
· Proposal 3: RAN plenary can task RAN1 to further down-select the candidate solutions into one.
· Proposal 4: If a combined solution with multiple candidate solutions is supported, only one UE capability is defined or supported without differentiation of any sub-capability or sub-solutions.

NTT DOCOMO [16]
· Start normative work to define OCC techniques for DFT-s-OFDM PUSCH
· Option 1: WGs continue discussion including potential down-selection of OCC techniques without any guidance from RAN plenary
· E.g. a possible down-selection is to prioritize intra-symbol OCC and inter-slot OCC (and potentially the combination), and to deprioritize inter-symbol OCC
· Option 2: A checkpoint is made at RAN#105 to conclude down-selection of OCC techniques in WGs

Huawei [17]
· Specify Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4 [RAN1]

CATT [18]
· Proposal 3: For Rel-19 NR-NTN UL capacity enhancement, specify inter-slot time-domain OCC with PUSCH repetition Type A with OCC length up to 4 only.

MediaTek [19]
· [bookmark: _Hlk168660570]RAN1 should strive to select one OCC technique that may be compromise between performance, specification impact and complexity. If necessary, an additional OCC technique to optimize NTN NR operations to optimize performance could be considered for specification.

ZTE [20]
· Proposal 3: RAN endorse the normative phase of UL enhancement with the limited scope to specify the inter-slot time domain OCC with OCC length 2 or 4 for NR NTN.

Apple [21]
· Proposal 1: NR NTN Rel-19 to specify DFT-s-OFDM PUSCH enhancements via OCC to multiplex 2 or 4 UEs. 
· Proposal 2: Consider inter-slot time domain OCC with PUSCH repetition type A, with minimal change to existing UCI multiplexing rule, and/or intra-symbol pre-DFT-s OCC in normative phase.

Support of HD-FDD (e)RedCap UEs
Thales [3] Proposal 3.1 : Modify the following text as follow
· For HD-FDD RedCap UEs and eRedCap UEs :, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Specify the processing rules to mitigate issues caused by TA mismatch at least for the following collision cases [RAN1]:
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Define the RF and RRM requirements for UE [RAN4]

vivo [4]
· Observation 1: The current specification already supports the operation of HD-FDD Rel-17 RedCap and Rel-18 eRedCap UEs in the NR NTN band, although there might be throughput loss due to “less resource available” issue.
· Observation 2: RAN1 observed the benefit to mitigate the “less resource available” issue for collision cases 3 and 4.
· Proposal 3: Conclude the feasibility of supporting HD-FDD Rel-17 RedCap and Rel-18 eRedCap UEs in the NR NTN band, and start the normative work of RAN4 for HD-FDD RedCap/eRedCap UEs in the NTN band after RAN#104.
· Proposal 4: If additional enhancements are deemed necessary in Rel-19 to optimize the performance of HD-FDD UEs, the enhancements should focus on mitigating the issue for collision cases 3 and 4.

OPPO [5]
· Proposal 3: suggest to specify collision rules for case 3 and case 4 for RedCap UE in R19 NR NTN WI. Further enhancement to avoid collisions is not pursued. 

LGE [6]
· Proposal 2: For the topic of “Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands,” RAN1 starts the normative work of specifying solution(s) to mitigate the issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB.

Ericsson [7]
· [bookmark: _Toc168944548]Proposal 2: For Rel-19 HD-FDD RedCap/eRedCap UE in NTN, towards any follow-up work and in line with RAN1 conclusions: The issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB should be mitigated for collision cases 3 and 4 (existing priority rules for other collision cases can be reused).

Qualcomm [8]
· Proposal 1: Endorse the following objective for the RAN1 normative phase of supporting HD-FDD (e)RedCap UEs:
· For HD-FDD RedCap UEs and eRedCap UEs, specify the following enhancements
· Define enhanced UE procedure(s) and, if necessary, associated signalling for collision cases 3 and 4
· Consider defining different procedure for SIB19 collision with UL transmission
· Consider to mandate Rel-17 TA report and, if deemed beneficial, to define a new TA report with finer granularity 
· By considering the solutions to the above two objectives, study the impacts of and, if deemed beneficial, define solutions to the following issues:
· Slot counting for UL repetition transmission colliding with SSB reception.
· Invalid symbol determination for PUSCH repetition type B
· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling 

Spreadtrum [9]
· Proposal 5: Case 3 and case 4 can be included in the normative phase for HD-FDD RedCap UEs and eRedCap UEs with NR NTN operatin in Rel-19 NTN.
· Proposal 6: Case 1, 2, 5 and 6 can reuse the current priority rules, no need to do enhancement in Rel-19 NTN.
· Proposal 7: TA reporting can reuse the current mechanism, no need to do enhancement in Rel-19 NTN.

Xiaomi [10]
· Proposal 3: Start the normative work to specify the solutions to resolve the issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at gNB side for collision case 3 and 4. Detailed solutions can be left to WG level discussion.

Nokia [11]
· Proposal 4: TSG RAN to update the WID for (e)RedCap support for NR over NTN to include specifying collision handling rules for cases 3 and 4 while ensuring that a UE is still able to receive needed control information (e.g. SIB19).
· Proposal 5: TSG RAN to update the WID for (e)RedCap such that RAN1 can further study, and specify if needed, solutions to reduce the number of times the collision rules are applied (e.g. solutions to reduce the amount of TA mismatch).

InterDigital [12]
· Proposal 2: Update the NR NTN objective in support of (e-)RedCap devices with the following bullet update:
· For HD-FDD RedCap UEs and eRedCap UEs, check whether specify any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]

CMCC [13]
· Proposal 5: The issue caused by TA mismatch between actual TA and gNB’s assumption of the TA should be mitigated for Case 3 and Case 4 in the normative phase for NR-NTN phase 3.
· Proposal 6: The TA reporting can be enhanced to solve the collision issues in the NTN scenario with an efficient manner.

NTT DOCOMO [16]
· Start normative work to specify UE behavior to mitigate the issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, at least for cases 3 and 4
· WGs continue discussion on what kind of enhancement is introduced, without any guidance from RAN plenary

Huawei [17]
· Specify enhancements to mitigate issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, at least for collision cases 3 and 4 below [RAN1]:
· Semi-statically configured DL reception collides with semi-statically configured UL transmission 
· Dynamically scheduled DL reception collides with dynamic scheduled UL transmission

CATT [18]
· Proposal 2: Specify processing rules to resolve the collision issues of case 3 and case 4 and consider TA reporting enhancement. 

MediaTek [19]
· No enhancements are needed in RAN1 to support (e)RedCap UEs with NR NTN operating in FR1-NTN bands. RAN4 should specify RF and RRM requirements for UE in the HD collision cases 3 and 4.

ZTE [20]
· Proposal 4: If TU is available, RAN can endorse the normative phase to support the (e)RedCap UEs UL in NTN with the following limited scope:
· Mandate the legacy (pre-Rel-19) TA reporting mechanism as the mandatory UE feature for Rel-19 (e)RedCap UEs
· Enhancement on the granularity for reported TA can be considered.

Apple [21]
· Proposal 3: Changes (e.g., collision rules) are needed to address the collision cases 3 and 4, in the support of HD-FDD UE in NTN. 
· Other enhancements to address the TA mismatch between UE and gNB may be deprioritized considering the limited TU in Rel-19 NR NTN.  



Background (WID, WG agreements)
Downlink coverage enhancements
Current WID objective #1 [23]
Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· …
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study

Observation [RAN1#117]
Based on the results of DL coverage ratio evaluation at system level collected from 7 sources for all the three LEO600km satellite parameter sets where the beam footprint diameter is 50 km:
· For Set 1-1/1-3, the coverage ratio can be improved from 10% to 100% if the SSB periodicity is increased from 20ms to 80ms and beam hopping is applied
· For Set 1-2, the coverage ratio can be improved from 1.5% to 96.8% if the SSB periodicity is increased from 20ms to 320ms and beam hopping is applied.
· Note: coverage ratio is N2+N3/ total beam footprints
· Note: the baseline assumes no beam hopping. TDM between SIB1 and SIB19 is assumed in those results, following current specs.
Based on the results of DL coverage ratio evaluation at system level collected from 3 sources for a deployment scenario implementing wide beam footprint:
· 1 source reports that with a deployment of wide beam covering 4 narrow (of 50km size) beams, which means Set 1-2 FR1 with additional EIRP reduction of 6dB, using SSB periodicity of 80 ms can provide coverage ratio of 96.8%, and Set 1-1/1-3 FR1 with additional EIRP reduction of 6dB, SSB periodicity of 80 ms can provide coverage of 100%.
· 1 source observed that for Set 1-1, 1-2 and 1-3, the coverage ratio can be improved from 1.5% to 100% using the legacy default SSB periodicity of 20ms during initial access, by choosing a wide beam footprint with beam footprint sizes of 84 km and 56 km respectively. 
· Note: the PDCCH and the PDSCH for SIB19 is assumed to be transmitted within 2 OFDM symbols and 5 MHz bandwidth. the PDSCH for SIB1 is assumed to be transmitted within 3 OFDM symbols and 5 MHz bandwidth. This assumes no SIB1 and SIB19 transmission in N2 beam footprints. This assumes non-aligned SFN timing across different beams.
· 1 source observed, for Set 1-1 with increased beam size, that the legacy SSB periodicity of 20ms during initial access is usable with NTN beam hopping, by choosing a deployment scenario implementing wide beam footprint with beam footprint sizes of 70.7 km and 86.6 km, leading to a total of 529 and 353 beam footprints within the satellite coverage area, respectively, and the coverage ratio is 80% and 90%, respectively, and a ratio of simultaneously active beam footprints to the total number of beam foot prints equal to 20% and 30%. 
· Note: Beam footprint size is increased by increasing only the adjacent beam spacing without increasing the 3dB beamwidth.
Note: RAN1 will further investigate the impact of SSB periodicity extension
Note: Any needed clarification “SSB channel enhancement is not considered” in the WID is up to RAN plenary
Note: RAN1 will further investigate the impact of wider beam of SSB and/or other channels on performance (e.g. link budget, capacity...)

Uplink capacity enhancements
Current WID objective #2 [23]
Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

RAN1 agreements
[bookmark: _Hlk164098130]Agreement [RAN1#116bis]
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS

Conclusion [RAN1#117]
OCC with PUSCH can support at least multiplexing of 2 or 4 UEs and achieve up to 2 or 4 times capacity gains respectively, when repetitions are used.
Note: the actual gain may be less due to e.g. intra/inter cell interference.

Agreement [RAN1#117]
For the normative phase, at least one of the OCC techniques will be specified:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· FFS Combination of OCC techniques including multiplexing of 8 UEs
· FFS Use of OCC techniques with TBoMS
FFS Backward compatibility with non-Rel-19 UEs



Support of HD-FDD (e)RedCap UEs
Current WID objective #5 [23]
Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex FDD RedCap and eRedCap UEs, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap UEs and eRedCap UEs, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.

Conclusion [RAN1 #117]
For Rel-19 HD-FDD RedCap/eRedCap UE in NTN, the issues caused by TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB should be mitigated for collision cases 3 and 4.
· Note: further discussion on other cases is not precluded

Conclusion [RAN1 #117]
For collision cases 1, 2, 5 and 6, the existing priority rules can be reused for a HD-FDD (e)RedCap UE in NTN. 

Observation [RAN1 #117]
TA reporting is beneficial to mitigate the TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB for HD-FDD RedCap/eRedCap UE in NTN from RAN1 perspective.
Note: complexity, power consumption and signaling overhead impact of TA reporting for (e)redcap UEs was not investigated in this work item

Observation [RAN1 #116bis]
When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there may be a BLER performance degradation for the reception of UL transmissions at the gNB for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB does not attempt to avoid the collision at least in the following cases: 
· UL transmission with repetitions due to different available slot counting at UE and gNB when colliding with SSB reception
· PUSCH repetition type B due to different invalid symbol determination at gNB and UE when colliding with DL transmissions 
· UL transmission with DMRS bundling due to the different actual TDW determination at gNB and UE when colliding with DL transmissions
Note: the above cases happen at least with one of collision cases 1, 2, 5, 6, and 7.
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