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Introduction
[bookmark: P3]In the WID for Rel-19 NR NTN [1], the detailed objectives for uplink capacity/throughput enhancements for FR1-NTN are as follows: 
	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


And in RAN#116-bis [2], some FFS points on orthogonal cover code (OCC) were noted for the discussion on capacity/throughput enhancement for NR NTN. In this contribution, we provide our views on detail of UL capacity/throughput enhancement by using OCC.
Down-selection of OCC schemes for PUSCH
In the WID, there are three types of OCC techniques to multiplex UEs in UL for NR-NTN. The first one is inter-slot OCC (OCC across slots in the WID) with repetition for each slot in OCC length. Inter-slot OCC has less specification impact and can multiplex 1 non-OCC aware UE. The second one is inter-symbol OCC (OCC across OFDM symbols in the WID) with repetition for each symbol in OCC length. Inter-symbol OCC is robust over timing drift, and PUSCH repetition type B can be used for OCC without any enhancements specific to NR-NTN. In addition, inter-symbol OCC can multiplex 1 non-OCC aware UE similar to inter-slot OCC, which offers sufficient scheduling flexibility. The last one is intra-symbol OCC (OCC within an OFDM symbol) with comb-like structure spreading of the OCC length in frequency domain. Intra-symbol OCC has similar benefit with inter-symbol OCC in terms of the robustness against timing drift, but it cannot multiplex non-OCC aware UEs. 
 In our view, the intra-symbol OCC scheme has issues in specification aspect. For example, frequency hopping mechanism needs to be enhanced for applying intra-symbol OCC (described in section 4), and comb-like RE mapping needs to be introduced for PUSCH. On the other hand, inter-slot OCC is susceptible to timing drift. Nevertheless, that can be solved by limiting the maximum transmission duration where the timing drift can be negligible. Moreover, inter-symbol OCC may have no clear specification impact if repetition of TBoMS which includes inter-symbol OCC sequence is not applied. Hence, we propose to focus on inter-slot OCC and inter-symbol OCC for further study to reduce the workload in Rel-19. 

Proposal 1: To minimize specification impacts, RAN1 should choose one scheme from inter-slot OCC or inter-symbol OCC in Rel-19. 

OCC details for PUSCH in Rel-19 NR NTN
 In RAN1#116-bis, the following agreement was made.
	[bookmark: _Hlk164098130]Agreement
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


In this section, we discuss the open issues on OCC code length 8 and TBoMS for OCC.
Support of OCC code length 8
 For inter-slot OCC, if OCC length 8 is applied, the timing drift may increase because of longer transmission duration. On the other hand, according to evaluation results by some companies, no sufficient improvements on the aggregated throughput were demonstrated by expanding OCC length 4 to 8 because the orthogonality among multiplexed UEs cannot be preserved.
 For inter-symbol OCC and intra-symbol OCC, OCC length 8 can be acceptable in terms of the timing drift because the transmission duration is relatively shorter than the one in inter-slot OCC. In those cases, the aggregated throughputs can increase by expanding OCC length regardless of timing drift. 

Proposal 2: At least for inter-slot OCC, OCC length 8 is not needed.

TBoMS for OCC
 TBoMS would be useful for NTN because it is expected that low MCS is mainly adopted for NTN. In addition, the reduction of CRC overhead can be expected by adoption of TBoMS. Therefore, we believe the simultaneous use of TBoMS and OCC is beneficial. However, the timing drift may increase because of longer transmission duration as discussed in section 3.1. More specifically, if the combination of TBoMS and inter-slot OCC code length 8 is applied, the multiplication of the number of repetition and the number of slots used for TBS determination is potentially larger than 32. To address this issue, the combination of TBoMS and OCC with the short transmission duration should be supported for NTN UE.

Proposal 3: The combination of TBoMS and inter-slot OCC should be supported, and the length of transmission duration for TBoMS and inter-slot OCC is restricted to avoid the negative impact by timing drift.


[bookmark: Proposal1]Specification aspect on OCC techniques
In RAN1#116-bis, the following agreement was made.
	Agreement
RAN1 to at least further study the potential specification aspects on OCC techniques:
· TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects


In this section, we discuss the issues on frequency hopping when applying OCC techniques for NTN UEs.
Frequency hopping for OCC techniques
For inter-slot OCC and inter-symbol OCC, the configuration of frequency hopping (if configured) can be realized by the existing inter-slot frequency hopping mechanisms for PUSCH Repetition Type A in 38.214 clause 6.3.1 and the existing inter-repetition frequency hopping mechanisms for PUSCH Repetition Type B in 38.214 clause 6.3.2. On the other hand, frequency hopping for intra-symbol OCC has some issues.
In the case of intra-symbol OCC, repetition for OCC is applied in one symbol. So, if frequency hopping is needed, then inter-symbol frequency hopping rule for starting RB is needed. Following formula is the existing configuration for deciding the starting RB during sot  in inter-slot frequency hopping.


where  and  are the 1st hop and 2nd hop respectively, and  is the starting RB within the UL BWP. When inter-symbol frequency hopping is needed for intra-symbol OCC, the previous formula should be change as follows:

where  is the symbol index in one slot and  is the number of symbols in 1st hop. In conclusion, frequency hopping rule for starting RB needs to be modified to apply intra-symbol OCC.

Observation 1: When intra-symbol OCC is applied, specification impact is large because frequency hopping rule for starting RB need to be modified.


In frequency hopping, there is another issue about repetition in away from DC subcarrier. For NTN, the long distance between satellite and UE and the fast movement of satellite result in timing drift and doppler shift. In addition, the transmission duration even becomes longer due to application of OCC. In RAN1#112bis-e meeting, RAN1 made an observation that larger timing drift was observed when transmission over multiple slots occurred in the frequency position more than 6RB away from the DC subcarrier [3]. Therefore, it is preferable to restrict the transmission at least in vicinity of the DC subcarrier to reduce timing drift. Otherwise, the effect of timing drift and doppler shift are increased due to lack of pre-compensation by UE and post-compensation by gNB. If frequency hopping is applied, by its nature, the RB position for 1st hop and 2nd hop is located separately, resulting in the RB location away from DC subcarrier. Hence, it is better to restrict transmission only in subcarrier close to DC subcarrier on inter-slot OCC.

Proposal 4: For inter-slot OCC, PUSCH transmission with frequency hopping is restricted in subcarrier close to DC subcarrier.

Conclusion
In this contribution, we provide our view as below.
Observation 1: When intra-symbol OCC is applied, specification impact is large because frequency hopping rule for starting RB need to be modified.


Proposal 1: To minimize specification impacts, RAN1 should choose one scheme from inter-slot OCC or inter-symbol OCC in Rel-19. 

Proposal 2: At least for inter-slot OCC, OCC length 8 is not needed.

Proposal 3: The combination of TBoMS and inter-slot OCC should be supported, and the length of transmission duration for TBoMS and inter-slot OCC is restricted to avoid the negative impact by timing drift.

Proposal 4: For inter-slot OCC, PUSCH transmission with frequency hopping is restricted in subcarrier close to DC subcarrier.
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