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Introduction
The WID on Non-Terrestrial Networks (NTN) for NR Phase 3 is approved in [1]. 
	The objectives of the work item are the following:

1. [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.
· 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 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

1. 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

1. Specify signaling of the intended service area of a broadcast service (e.g. MBS broadcast) via NR NTN [RAN2, RAN3]
· Specify SIB signaling to indicate the intended service area in case the satellite footprint covers a larger area. [RAN2]
· Specify the necessary signaling between CN and NG-RAN. [RAN3]

1. [bookmark: _Hlk153358806]Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3]
· Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.

1. 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.


In this paper, we share our views on NR-NTN uplink capacity and throughput enhancement.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
Achievable capacity improvement analysis of PUSCH enhancements via OCC
In general, compared with PUSCH transmission without OCC, PUSCH transmission with OCC will exponentially increase the time-frequency resource overhead. From a system perspective, PUSCH transmission with OCC cannot increase the capacity of PUSCH transmission in the system if we do not consider the spread spectrum gain. For example, the network can schedule the PUSCH transmission between UE # 0 and UE # 1 in the following two schemes.
· Scheme 1: The network allocates different time-frequency resources to UE # 0 and UE # 1 for PUSCH transmission (without OCC).
· Scheme 2: The network allocates different OCCs (length of 2) to UE # 0 and UE # 1, and UE # 0 and UE # 1 send PUSCH on the same time-frequency resources.
As shown in Figure 1, if we do not consider the spread spectrum gain, the time-frequency resource overhead of Scheme 1 and Scheme 2 is the same. In this case, PUSCH transmission with OCC has no gain in PUSCH transmission capacity.
If we consider the spread spectrum gain, scheduling the same number of UE for PUSCH transmission, compared to PUSCH transmission without OCC, PUSCH transmission with OCC can save time-frequency resource overhead. For example, PUSCH transmission with OCC can adopt higher code rates compared to PUSCH transmission without OCC. As shown in Figure 2, the time-frequency resource overhead of Scheme 2 is smaller than Scheme 1. In this case, PUSCH transmission with OCC has significant gain in PUSCH transmission capacity.


Figure 1: PUSCH transmission with OCC and no spread spectrum gain



Figure 2: PUSCH transmission with OCC and considering spread spectrum gain

Observation 1: From a system perspective, PUSCH transmission with OCC can increase the capacity of PUSCH transmission in the system with spread spectrum gain. 

OCC multiplexing scheme of PUSCH
In RAN1#116b, the following agreement on OCC multiplexing scheme of PUSCH had been achieved.
	[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



· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
Orthogonal cover codes within an OFDM symbol can be understood as frequency domain spread spectrum operation, as shown in Figure 3. In current specification, PUCCH format 3 and PUCCH format 4 adopt orthogonal cover codes within an OFDM symbol. 


Figure 3: Orthogonal cover codes within an OFDM symbol
Figure 3 shows the example of 2 users with OCC 2. For the former, a length-6 OCC code is applied to each of 6 different data symbols (a0 … a5) repeated twice and mapped over 12 REs of the PRB. Each multiplexed user is assigned a different OCC.
This method can be applied to the PUSCH with any symbol length in a slot. It can improve UL capacity when the PUSCHs using one PRB. However, it needs to study whether or not can be applied to the PUSCH with more than 1 PRB, since the UL capacity improvement is not clear for this case.
· Inter-symbol(s) time domain OCC 
[bookmark: OLE_LINK93]For orthogonal cover codes across OFDM symbols, time domain OCC can be applied to each data symbol, as shown in the Figure 4. The OCC length equals to the number of the data symbols. In current specification, PUCCH format 1 adopt orthogonal cover codes across OFDM symbols. 


Figure 4: Orthogonal cover codes across OFDM symbols

· Inter-slot time-domain OCC with PUSCH repetition Type A 
In R-17, the maximum number of repetitions supported by PUSCH is 32. Orthogonal cover codes across slots means orthogonal cover codes across PUSCH repetitions, as shown in Figure 5. Here, the OCC length is can be equal or smaller than the number of the PUSCH repetitions. It is also a type of time domain OCC. As same as OCC across symbols, it also suffers from the orthogonal issue.


Figure 5: Orthogonal cover codes across slots
The following table summarizes the Pros and Cons of three OCC schemes in last meeting.
Table 1: Pros and Cons of different OCC schemes
	OCC scheme
	Pros
	Cons

	Inter-slot time-domain OCC with PUSCH repetition Type A
	· Small specification impact 
· OCC multiplexing possible with one UE without Rel-19 OCC capability
· Enables multiplexing gain by spreading codes across repetitions in the time domain, potentially boosting capacity.
	· More sensitive to frequency errors and timing drift
· UCI and RV handlings are required.
· OCC spreading should be restricted within a hop 
· OCC length restricted by PRACH, SRS and/or measurement gap

	Inter-symbol(s) time domain OCC
	· Less sensitive to frequency errors and timing drift
· OCC multiplexing possible with one UE without Rel-19 OCC capability
	· Large specification impact
· Requires updates of the rate matching
· Limited multiplexing gain compared to inter-slot OCC, potentially impacting capacity enhancement.
· Alignment of multiple UEs with different TBSs not straight forward.
· Transport block size will be scaled with OCC length.
· The hopping interval of inter-slot FH should be extended to X slot, where X=OCC-length
· OCC length depends on DMRS/SRS configuration

	Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
	· Less sensitive to frequency errors and timing drift
· No restriction of frequency hopping
	· Large specification impact
· Requires updates of the rate matching
· Transport block size will be scaled with OCC length.
· OCC multiplexing with non-OCC UE not possible
· larger BW necessary decreasing PSD for power limited UEs.
· Impacts on transmission power, low PAPR.



In our view, considering the trade-off between performance and specification impacts, OCC across slots for PUSCH transmission should be prioritized.
Proposal 1: For PUSCH enhancements via Orthogonal Cover Codes, OCC across slots should be prioritized.

OCC sequence design
The enhancement on uplink capacity/throughput enhancement for FR1-NTN is not targeted to PUSCH DMRS. In other words, PUSCH enhancements via Orthogonal Cover Codes is still based on legacy DMRS design and the maximum multiplexed UE number can be supported up to 8. Therefore, the max length of the sequence design for PUSCH via Orthogonal Cover Codes can be 8. In last meeting, it was agreed that code length 2 or 4 is supported and code length 8 is FFS. For the link-level performance of OCC for PUSCH with different code length, most companies contributions in last meeting suggested capacity and throughput enhancements with OCC length 2 and 4 can be achieved. Therefore, code length 8 should be deprioritized.
Proposal 2: Code length 8 should be deprioritized.
In current specification, there are already some types of OCC sequences used for PUCCH, e.g. Walsh sequence, DFT sequence. The existing sequences types for PUCCH format 1/2/3/4 in TS 38.211 as shown below.
	
Table 6.3.2.4.1-2: Orthogonal sequences  for PUCCH format 1. 
	

	


	
	

	

	

	

	

	

	


	1
	[0]
	-
	-
	-
	-
	-
	-

	2
	[0 0]
	[0 1]
	-
	-
	-
	-
	-

	3
	[0 0 0]
	[0 1 2]
	[0 2 1]
	-
	-
	-
	-

	4
	[0 0 0 0]
	[0 2 0 2]
	[0 0 2 2]
	[0 2 2 0]
	-
	-
	-

	5
	[0 0 0 0 0]
	[0 1 2 3 4]
	[0 2 4 1 3]
	[0 3 1 4 2]
	[0 4 3 2 1]
	-
	-

	6
	[0 0 0 0 0 0]
	[0 1 2 3 4 5]
	[0 2 4 0 2 4]
	[0 3 0 3 0 3]
	[0 4 2 0 4 2]
	[0 5 4 3 2 1]
	-

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]



Table 6.3.2.5A-1: Orthogonal sequences  for PUCCH format 2 when .
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Table 6.3.2.5A-2: Orthogonal sequences  for PUCCH format 2 when .
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Table 6.3.2.6.3-1: Orthogonal sequences  for PUCCH format 3 with interlaced mapping and PUCCH format 4 when .
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Table 6.3.2.6.3-2: Orthogonal sequences  for PUCCH format 3 with interlaced mapping and PUCCH format 4 when .
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The sequence design for PUCCH format 1 can support flexible length 1~7. In our view, the sequence design for PUCCH format 1 can be used as baseline OCC sequence for PUSCH transmission.
Proposal 3: The sequence design for PUCCH format 1 can be used as baseline OCC sequence for PUSCH transmission.

Potential specification aspects on OCC techniques
In last meeting the following agreement on the potential specification aspects on OCC techniques had been achieved.
	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 share our views on the potential specification aspects on OCC techniques.
TBS calculation / Rate matching
For inter-symbol(s) time domain OCC and intra-symbol pre-DFT-s OCC, transport block size will be scaled with OCC length and the rate matching will be updated. For inter-slot time-domain OCC, there is no change on TBS calculation/Rate matching. We prefer inter-slot time-domain OCC with PUSCH repetition Type A.
Observation 2: For inter-slot time-domain OCC, there is no change on TBS calculation/Rate matching.

UCI multiplexing
For inter-symbol(s) time domain OCC, the UCI multiplexed on the PUSCH in a slot should also be block-wise spread.
For intra-symbol pre-DFT-s OCC, the UCI multiplexed with a PUSCH in a slot should also be block-wise spread before transform precoding.
For inter-slot time-domain OCC with PUSCH repetition Type A, since the OCC sequence is applied across multiple slots/repetitions, the UCI multiplexed on a slot/repetition should also be repeated across the slots/repetitions and multiplied with the same OCC sequence.
Observation 3: For inter-slot time-domain OCC with PUSCH repetition Type A, the UCI multiplexed on a slot/repetition should be repeated across the slots/repetitions and multiplied with the same OCC sequence.

RV cycling across repetitions
For inter-slot time-domain OCC with PUSCH repetition Type A, to ensure orthogonality, repetitions spread with same OCC sequence having same RV. We support PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block. In this case, RV cycling can be across OCC blocks.
Proposal 4: PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block should be supported.

Frequency hopping
For inter-symbol(s) time domain OCC, since the phase continuity may not be guaranteed after frequency hopping, the span of OCC sequence should be within a hop.
For intra-symbol pre-DFT-s OCC, since the OCC spreading is within an DFT-s-OFDM symbol, both intra-slot and inter-slot frequency hopping can be used without change.
For inter-slot time-domain OCC with PUSCH repetition Type A, since the phase continuity may not be guaranteed after frequency hopping, OCC spreading should be restricted within a hop.
Observation 4: For inter-slot time-domain OCC with PUSCH repetition Type A, since the phase continuity may not be guaranteed after frequency hopping, OCC spreading should be restricted within a hop.

OCC indication/configuration
For PUSCH transmission with OCC, how UE determines OCC for PUSCH transmission need to be discussed. In the current specification, there are multiple resource scheduling methods for PUSCH transmission, as shown in Figure 6. Due to the current WID indicating that there is no need for any enhancement in the initial access process, we only need to consider the PUSCH resource scheduling methods of DCI dynamic scheduling and configured grant.


Figure 6: PUSCH scheduling in NR

· DCI dynamic scheduling
For PUSCH transmission with DCI dynamic scheduling, the following two OCC determination methods can be considered.
· Option 1: The OCC used for PUSCH transmission is configured through RRC.
· Option 2: The OCC used for PUSCH transmission is indicated by the scheduling DCI.
Proposal 5: For PUSCH transmission with DCI dynamic scheduling, the following two OCC determination methods can be considered.
· Option 1: The OCC used for PUSCH transmission is configured through RRC.
· Option 2: The OCC used for PUSCH transmission is indicated by the scheduling DCI.

· Configured grant
For configured grant type 1, the OCC used for PUSCH transmission can be configured through RRC. For configured grant type 2, the following two OCC determination methods can be considered.
· Option 1: The OCC used for PUSCH transmission is configured through RRC.
· Option 2: The OCC used for PUSCH transmission is indicated by the CS-RNTI scrambled DCI.
Proposal 6: For configured grant type 1, the OCC used for PUSCH transmission can be configured through RRC.
Proposal 7: For configured grant type 2, the following two OCC determination methods can be considered.
· Option 1: The OCC used for PUSCH transmission is configured through RRC.
· Option 2: The OCC used for PUSCH transmission is indicated by the CS-RNTI scrambled DCI.

UE grouping for OCC based PUSCH transmission
In last meeting, some companies propose to study UE grouping for OCC based PUSCH transmission to prevent near-far problem. The WID only considers OCC based PUSCH transmission in the RRC connected state. In the RRC connected state, UE will perform channel quality measurement and reporting activities. The network can perform UE grouping for OCC based PUSCH transmission based on the channel quality reported by UE. Therefore, UE grouping for OCC based PUSCH transmission in RRC connected state can be implemented based on the network.
In addition, in NTN, there is little difference in signal strength between the center and edge of the cell, as shown in the following figures [2]

Figure 7: A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN

Observation 5: UE grouping for OCC based PUSCH transmission in RRC connected state can be implemented based on the network.

Conclusion
In this contribution, we provided views on Redcap positioning. In summary, we have following observations and proposals:
Observation 1: From a system perspective, PUSCH transmission with OCC can increase the capacity of PUSCH transmission in the system with spread spectrum gain.
Observation 2: UE grouping for OCC based PUSCH transmission in RRC connected state can be implemented based on the network.
Observation 3: For inter-slot time-domain OCC with PUSCH repetition Type A, the UCI multiplexed on a slot/repetition should be repeated across the slots/repetitions and multiplied with the same OCC sequence.
Observation 4: For inter-slot time-domain OCC with PUSCH repetition Type A, since the phase continuity may not be guaranteed after frequency hopping, OCC spreading should be restricted within a hop.
Observation 5: UE grouping for OCC based PUSCH transmission in RRC connected state can be implemented based on the network.

Proposal 1: For PUSCH enhancements via Orthogonal Cover Codes, OCC across slots should be prioritized.
Proposal 2: Code length 8 should be deprioritized.
Proposal 3: The sequence design for PUCCH format 1 can be used as baseline OCC sequence for PUSCH transmission.
Proposal 4: PUSCH encoding of transport block with a fixed redundancy version number for repetitions over each OCC block should be supported.
Proposal 5: For PUSCH transmission with DCI dynamic scheduling, the following two OCC determination methods can be considered.
· Option 1: The OCC used for PUSCH transmission is configured through RRC.
· Option 2: The OCC used for PUSCH transmission is indicated by the scheduling DCI.
Proposal 6: For configured grant type 1, the OCC used for PUSCH transmission can be configured through RRC.
Proposal 7: For configured grant type 2, the following two OCC determination methods can be considered.
· Option 1: The OCC used for PUSCH transmission is configured through RRC.
· Option 2: The OCC used for PUSCH transmission is indicated by the CS-RNTI scrambled DCI.

Reference
[1] RP-234078, “New WID: Non-Terrestrial Networks (NTN) for NR Phase 3”, Huawei.
[2] TR 38.821, “Solutions for NR to support non-terrestrial networks (NTN) (Release 16)”
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