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[bookmark: _Ref2933478]Introduction
The Release-19 NR NTN enhancement work item was approved in RAN #102 meeting [1] and updated in RAN #103 meeting [2].

One objective of Release-19 NR NTN is uplink capacity/throughput enhancement for FR1-NTN, with the following scope:

	2. 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



Another objective of Release-19 NR NTN is support of Rel-17 Redcap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands. 

	5. 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.



It is clear that the check points for these two objectives are at RAN# 104 meeting. 

In this contribution, we present our views on the topics of uplink capacity/throughput enhancement and support of HD-FDD RedCap/eRedCap UEs.
Discussion 
One of the objectives in Release-19 NR NTN [2] is to study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC). According to WID [2], the study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
In RAN1 discussions, it was concluded [3] that OCC with PUSCH can support at least multiplexing of 2 or 4 UEs and achieve up to 2 or 4 times capacity gains, when repetitions are used. 
	RAN1 #117 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.



It is clear that applying OCC on PUSCH can largely enhance uplink capacity, hence it is beneficial. Based on the guidance of WID, we propose that NR NTN Rel-19 to specify DFT-s-OFDM PUSCH enhancements via OCC to multiplex 2 or 4 UEs. 
Proposal 1: NR NTN Rel-19 to specify DFT-s-OFDM PUSCH enhancements via OCC to multiplex 2 or 4 UEs. 
Three different OCC schemes were studied in RAN1: Inter-slot time-domain OCC with PUSCH repetition type A, Inter-symbol(s) time domain OCC, Intra-symbol pre-DFT-s OCC. It was agreed [3] that at least one of the OCC techniques will be specified. 
	RAN1 #117 Agreement
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



It seems that the down-selection among 3 candidate OCC techniques is hard to achieve in RAN1. Hence, it is preferred that RAN plenary to decide which OCC technique(s) to be specified. 
The inter-slot time-domain OCC scheme does not result in any changes on TBS calculation and resource mapping. 
However, in inter-slot time-domain OCC, RV cycling across repetitions and frequency hopping need to be examined, which likely has limited specification efforts. The inter-slot time-domain OCC scheme has impact on the existing UCI multiplexing rule, where a UCI should be multiplexed on all PUSCH repetitions in an OCC period. This may subsequently involve combining multiple UCIs, whose corresponding PUCCH resources overlap with different PUSCH repetitions. If the inter-slot time domain OCC with PUSCH repetition type A is agreed to be specified, the combination of multiple UCIs over different slots should be avoided to reduce specification efforts and UE implementation complexity. 
Comparing with intra-symbol pre-DFT-s OCC, inter-symbol(s) OCC has restrictions on intra-slot frequency hopping, where the span of OCC sequence has to be within a frequency hop. Additionally, the UCI multiplexing has to be in the time span of an OCC sequence in inter-symbol(s) OCC. 
On the other hand, if the number of symbols in inter-symbol(s) OCC is equal to the number of symbols of PUSCH, then the inter-symbol(s) OCC is actually applied to PUSCH repetition type B. This case has relatively less specification impact since the TBS calculation and resource mapping are unchanged from legacy behavior. However, it is unclear whether PUSCH repetition type B is really necessary in NTN scenario. 
In summary, we can 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 the normative phase. 
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.
Another objective in Release-19 NR NTN [2] is to check whether any essential changes are needed for supporting HD-FDD RedCap/eRedCap UEs.
In RAN1 discussions, it was concluded [3] that for collision cases 1, 2, 5 and 6, the existing priority rules can be reused for HD-FDD UE in NTN. Hence, in our view, no essential changes are needed for supporting HD-FDD UE in NTN for these cases. On the other hand, the collision cases 3 and 4 are considered as error cases in terrestrial network, but it may occur frequently in NTN due to the mismatch between actual TA used by a UE and assumed TA for the UE at gNB. Hence, essential changes are needed for the support of HD-FDD (e)RedCap UE in NTN. One straightforward change is the definition of collision rules (or UE behavior) so that these cases are no longer considered as error cases. 
	RAN1 #117 Conclusion
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

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



Besides 6 collision cases, it was observed in RAN1 that TA mismatch between UE and gNB may lead to BLER performance degradation for UL reception. This is because of the misalignment between UE and gNB on slot counting, invalid symbol determination and actual TDW determination. The solutions to address UE and gNB misalignment on slot counting, invalid symbol determination and actual TDW determination may be deprioritized considering the TU limitation on Rel-19 NR NTN. 
It was observed in RAN1 that TA reporting is beneficial to mitigate the TA mismatch in NTN, but the complexity, UE power consumption and signaling overhead impact of TA reporting have not been investigated yet. Although TA reporting may mitigate the TA mismatch, it may not completely address the collision issue. Mandating TA reporting for HD-FDD (e)RedCap UE will increase the UE’s complexity and power consumption. Finally, we need to consider UE privacy when enhancing existing TA reporting schemes (e.g., with finer TA reporting granularity). The solutions of TA reporting enhancement may be deprioritized considering the TU limitation on Rel-19 NR NTN. 
	RAN1 #116bis Observation
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.

RAN1 #117 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



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.  
Conclusion
Based on the discussions above, we have the following proposals.
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.
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.  
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