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In RAN plenary #102 meeting, the work item of of Rel-19 Non-Terrestrial Networks (NTN) for NR Phase. Two check point had been setup for the work item. One is for the uplink capacity enhancements/throughput enhancements for FR1-NTN checking the benefits of the OCC enhancements for DFT-S-OFDM PUSCH. The other is for HD-FDD RedCap UEs and eRedCap UEs checking whether any essential changes are needed for operating in NR-NTN in FR1. The details are quoted as below and highlighted [1].
	
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

2. 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 contribution, we provide our views on the check points of the work item. 
Discussion
OCC enhancements on the DFT-s-OFDM PUSCH

RAN1 was targeted to complete the study phase by RAN#104 meeting on the benefits of DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) for the uplink capacity/throughput enhancements. In RAN1#116bis meeting, it was agreed to support OCC for PUSCH in Rel-19 NR NTN [2]. And the benefits were captured in RAN1#117 meeting that OCC with PUSCH can support at least multiplexing of 2 or 4 UEs and achieve up to 2 or 4 times capacity gains respectively [3]. The benefits had been clearly identified and accepted by the group during the study phase in RAN1. 

	
[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.




Then from our point of view, it is reasonable to support the further normative work of DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) in the NR-NTN enhancement phase 3. 

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.

In RAN1#117 meeting, it was concluded that the at least one of the OCC techniques will be specified for the normative phase. Three candidate techniques had been agreed to be down selected. One is the inter-slot time domain OCC with PUSCH repetition Type A with OCC length 2 or 4. The 2nd is the inter-symbol(s) time domain OCC with OCC length 2 or 4. The 3rd one is intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4. 

	
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




Since it is in the NTN scenario, due to the long propagation distance and the large pathloss fading, for even LEO-600km scenario, the uplink transmission is still coverage limited. For the small data rate transmission with payload 96bits, at least 8 repetitions should be used to fulfill the required SINR. And for the VoIP traffic, 20 repetitions would be required for the uplink link transmission with the payload of 184bits. PUSCH repetition type A will be definitely used for any data traffic transmission in uplink. It was also agreed in the RAN1#116bis meeting that, the PUSCH repetition type A would be used combined with the OCC enhancements. 

Observation 1:
PUSCH repetition type A is required for all data traffic transmission in uplink for NR-NTN, including both small data rate and VoIP traffic. 

Then it is more straightforward to use the inter-slot time domain OCC with PUSCH repetition type A with different OCC lengths. Based on the PUSCH repetition Type A, the inter-slot time-domain OCC has the least specification impacts and the easiest one for implementation based on current specifications, which only requires mapping the orthogonal cover code over the REs for PUSCH within each slot. 

Observation 2:
The inter-slot time-domain OCC has the least specification impacts for PUSCH RE mapping and is easiest one for realization, compared with the other two OCC solutions. 

On the other side, for the inter-symbol time domain OCC, there are two ways for realization. One is to apply the OCC codes over the consecutive repeated symbols, as illustrated in Case 1 and 2 in Figure 1. It is obvious that the RE mapping would be changed according to the number of repeated symbols compared with the legacy. The other way is to realize it through the PUSCH repetition Type B as illustrated in Case 3 in Figure 1, in which the OCC would be mapped over each PUSCH Type B repetition with 7 symbols. But if the PUSCH repetition Type B is repeated with other value of symbol numbers, e.g. 6 or 8 symbols, the operation for across slot repetitions or the actual repetitions should be studied further, in which the specification impact is also not trivial. In addition, the PUSCH repetition type A is usually used for the coverage enhancement scenarios instead of repetition PUSCH type B. Then, either way of inter-symbol time domain OCC has a large specification impact. 

Observation 3:
The inter-symbol time domain OCC would have a large specification impact for either the realization of consecutive symbol repetitions within one slot or PUSCH repetition Type B-like operations. 
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Figure 1 Examples for inter-symbol time-domain OCC
The 3rd solution is intra-symbol pre-DFT-s OCC, a comb-like structure which is used in PUCCH format 4. It is obvious that if the pre-DFT-s OCC is introduced, the operation of PUSCH RE mapping should be changed. On the other hand, as a frequency domain enhancements, it is less sensitive to the channel variation as the enhancements of time-domain OCC. But it should be further clarified the benefits when the occupied PRBs is larger than one, e.g. two PRBs, over the single PRB transmission without intra-symbol pre-DFT-s OCC. For example, when the two PRBs are allocated for PUSCH transmission with intra-symbol pre-DFT-s OCC with OCC length 2, the performance is almost same with single UE with single PRB PUSCH transmission. And even when single UE with single PRB PUSCH transmission, there is no performance loss due to the inference between combs from different UEs. Considering that two PRBs are required for even VoIP traffic, most traffic with similar or even higher data rate would require larger than two PRBs’ resource allocations. Then it is questionable to support the intra-symbol pre-DFT-s OCC instead of using less frequency resources schemes without any specification impact. 

Observation 4:
The performance of PUSCH transmission adopting two PRBs with intra-symbol pre-DFT-s OCC with OCC length 2 has almost the same performance as PUSCH transmission with single UE and single PRB. The latter scheme will not suffer from the inter-comb interference and can be realized without any specification efforts.

Inter-symbol OCC scheme would introduce time domain repetitions within the slot. And the intra-symbol pre-DFT-s OCC would introduce the un-occupied resources in frequence domain. Both schemes will reduce the effective resources within one PUSCH transmission slot. If no additional resources are allocated for the PUSCH, to maintain the same traffic, higher modulation levels and higher required SINR are needed, which also degrades the link level performances. Then the TBOMS, which is single TB transmission over multiple slots, should be introduced to reduce impacts of less effective resources within one slots. 

Observation 5:
TBoMS should be introduced to maintain the same data rate and lower the code rate for PUSCH transmission if the inter-symbol OCC or the intra-symbol pre-DFT-s OCC is introduced for multiple UE multiplexing. 

Based on the agreed evaluation assumptions, the required SINR under each OCC enhancement for small data rate and VoIP are listed below. 

Table 1 The required SINR for VoIP traffic
	
	With/without UE multiplexing
	Repetitions
/occupied slots
	TBoMS
	repetitions of TBoMS
	SNR(dB)(2% iBLER)

	
	
	
	
	
	Inter-slot
without TBOMS
	Inter-symbol
with TBOMS
	Intra-symbol
with TBOMS

	Case1
	Single UE without multiplexing
	16
	1
	16
	-4.81

	Case2
	
	20
	1
	20
	-5.45

	Case3
	2 UEs /OCC length 2
	16
	2
	8
	-4.34
	-4.78
	-4.79

	Case4
	
	20
	2
	10
	-5.18
	-5.27
	-5.39

	Case5
	4 UEs /OCC length 4
	16
	4
	4
	-3.55
	-4.21
	-4.52

	Case6
	
	20
	4
	5
	-4.13
	-4.74
	-5.2


* MCS level = 11
* RV 0 are used for all repetitions

Table 2 The required SINR for small data rate
	
	
	
	
	
	SNR(dB)(10% iBLER)

	
	With/without UE multiplexing
	Repetitions
/occupied slots
	TBoMS
	repetitions of TBoMS
	Inter-slot
without TBOMS
	Inter-symbol
with TBOMS
	Intra-symbol
with TBOMS

	Case1
	Single UE without multiplexing
	8
	1
	8
	-7.3

	Case2
	
	16
	1
	16
	-9.18

	Case3
	
	32
	1
	32
	-11.12

	Case4
	2 UEs /OCC length 2
	8
	2
	4
	-6.84
	-6.97
	-6.99

	Case5
	
	16
	2
	8
	-8.89
	-9.12
	-9.14

	Case6
	
	32
	2
	16
	-11.01
	-11.05
	-11.09

	Case7
	4 UEs /OCC length 4
	8
	4
	2
	-5.85
	-6.58
	-6.85

	Case8
	
	16
	4
	4
	-8.33
	-8.61
	-8.89

	Case9
	
	32
	4
	8
	-10.72
	-10.7
	-10.95


* MCS level = 8
* RV 0 are used for all repetitions

Based on the evaluation results of VoIP traffic, the performance loss due to introducing multiple UE multiplexing through OCC is marginal between single UE and multiple UEs with OCC length 2. For the case of inter-slot OCC mechanism, the performance loss is less than 0.5dB for 16 repetitions, and less than 0.3dB for 20 repetitions. When OCC length is two, the differences between inter-slot OCC, inter-symbol OCC with TBoMS and the intra-symbol OCC with TBoMS are less than 0.45dB for 16 repetitions, 0.21dB for 20 repetitions.

For the case of small data rate with payload of 96bit, the performance loss compared with single UE transmission and performance margin between different solutions are even smaller. The performance loss of inter-slot OCC with length 2 relative to single UE repetition with repetition number {8,16,32} is {0.46, 0.29, 0.11}dB. Along with the increase of the repetition number, the performance loss decreases. The performance margin between inter-slot OCC with length 2 relative to intra-symbol with TBoMS with repetition {8,16,32} are {0.15, 0.25, 0.08}. The performance margin between inter-slot OCC and intra-symbol OCC is even smaller along with the increase of the repetition number. In the case of 4 UE multiplexing with OCC length 4, the performance loss is larger than that of 2 UE multiplexing with OCC length 2. But the trend is same for both performance loss compared with single UE transmission and the performance margin between different solutions. 

Observation 6:
The performance difference between different solutions, including inter-slot OCC, inter-symbol OCC and intra-symbol OCC is marginal when a relative high repetition number is applied. 

Though the scheme of inter-slot OCC does not have the best performance between the 3 candidate solutions, but it has less impact to the current PUSCH RE mapping which is more compatible with current implementation. And the inter-slot OCC does not have the dependence on the application of TBoMS as inter-symbol OCC and intra-symbol OCC. Then considering both the performance and the specification impact, the inter-slot OCC scheme is preferred for the normative phase.

Proposal 2:
Considering both the performance and the specification impact, the inter-slot OCC scheme is preferred for the normative phase.

It was also discussed whether the combination of candidate solutions should be supported for OCC length 8. From our understanding, introducing either inter-symbol OCC or intra-symbol OCC schemes will have impact to the legacy PUSCH RE mapping. The specification impact will not be reduced when considering any combination of inter-slot OCC with either inter-symbol or intra-symbol OCC. 

On the other side, considering there is no need to introduce multiple solutions for single enhancements, only one solution should be selected. RAN plenary can task RAN1 to focusing on down selection to only one solution from the proposed 3 solutions. And if one combination of the candidate solutions is selected, only one UE capability to support the combined solutions should be supported. Namely, the OCC enhancement though which may be a combination of, for example, inter-slot OCC and intra-symbol OCC solution, should be supported a unified capability, without further differentiation of the sub-capabilities supporting either inter-slot OCC or intra-symbol OCC.

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.


On the essential changes to support HD-FDD (e)RedCap UEs in NTN

In the latest RAN1#117 meeting, two conclusions and one observation were drawn to facilitate RAN plenary’s discussion for the checkpoint. 

	
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

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. 

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




It was concluded that for Case 3 and Case 4 which was considered in the terrestrial network as error cases should be further enhanced to solve the issues caused by TA mismatch between gNB’s assumption and UE’s. The Case 3 is that semi-statically configured DL reception collides with semi-statically configured UL transmission. And the Case 4 is that Dynamically scheduled DL reception collides with dynamic scheduled UL transmission. In the terrestrial network, since the propagation delay is not large and will not change in a large scale which is different from that of NTN scenario, gNB can always have a good estimation of the propagation delay or the assumption of the TA. The gNB can avoid the collision between configured transmission in the uplink and downlink. But due to the change of propagation delay, which can be changed from 2ms to 3.58ms for the one way transmission, it is possible that the original configured transmission though without any overlapping will collide as the propagation delay changes. This is the reason that the issues for Case 3 and Case 4 should be mitigated. 

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.

It was also concluded that the existing priority rules can be reused for a HD-FDD (e)RedCap UE in NTN. At the UE side, the original collision rule can work to solve the issue when the collision happens. But for the case 1 and 2, there are difficulties for gNB to decide whether there will be a collision at the UE side, if the TA assumption at the gNB side is not aligned with that of UE. Though it was concluded that the original rules can be reused at the UE side. But in the terrestrial network, whether a dynamic scheduled transmission can override the original configured transmission at the UE side is still depending on gNB’s decision. Without any relative correct information of UE’s TA, it is hard for gNB to make decisions on whether to override some previously configured transmission at the UE side. And gNB may even not clear whether there will be a collision at the UE side. 

Observation 7:
Without a relative correct TA information at the UE side, the gNB cannot make decisions for a dynamic scheduled transmission to override an original configured transmission at the UE side. And without a relative correct TA information, the gNB may not even know there will be a collision at the UE side. 

Currently it is only an observation that TA reporting to mitigate the TA mismatch between actual TA and the assumed TA at gNB side is beneficial. Our understanding is that TA reporting is not only can solve some issues for both Case 3 and Case 4. It can also provide more information and facilitate gNB’s scheduling to avoid the collisions. For example, if the gNB have the relative accurate TA of the UE, it can avoid the collision at the UE side between dynamic scheduled transmission and the configured transmissions. 

Observation 8:
TA reporting can not only solve some of issues for both Case 3 and 4 but can also facilitate the scheduling of gNB to avoid the collision between dynamic and configured transmission at the UE side.

Currently, the TA will be reported to the gNB when after the RRC configuration and when the threshold based TA reporting is configured. Both TA reporting are optional features. For the case of TA reporting after RRC configuration, it can only reports the TA when RRC configuration finished. It cannot report the TA when the RRC configuration has been finished after a long time. It cannot reflect the variation of the TA due to the propagation delay. On the other side, if the threshold based TA reporting is configured, it is also has some issues. There will be some TA reporting is useless because that the UE with the TA reporting does not have any traffic. And the gNB cannot determine whether there will be a traffic for the UE at the time instance of RRC configuration. Then some of the TA reporting of the UEs’ without any traffic demands is not useful but also will occupy the limited uplink resources. An on demanded TA reporting could be a way forward to solve this issue. 

Proposal 6:
The TA reporting can be enhanced to solve the collision issues in the NTN scenario with an efficient manner.
Conclusions
In this contribution, we provide our views on the check points of the NR-NTN phase 3 work item. The observations and proposals are as below.

Observation 1:
PUSCH repetition type A is required for all data traffic transmission in uplink for NR-NTN, including both small data rate and VoIP traffic. 

Observation 2:
The inter-slot time-domain OCC has the least specification impacts for PUSCH RE mapping and is easiest one for realization, compared with the other two OCC solutions. 

Observation 3:
The inter-symbol time domain OCC would have a large specification impact for either the realization of consecutive symbol repetitions within one slot or PUSCH repetition Type B-like operations. 

Observation 4:
The performance of PUSCH transmission adopting two PRBs with intra-symbol pre-DFT-s OCC with OCC length 2 has almost the same performance as PUSCH transmission with single UE and single PRB. The latter scheme will not suffer from the inter-comb interference and can be realized without any specification efforts.

Observation 5:
TBoMS should be introduced to maintain the same data rate and lower the code rate for PUSCH transmission if the inter-symbol OCC or the intra-symbol pre-DFT-s OCC is introduced for multiple UE multiplexing. 

Observation 6:
The performance difference between different solutions, including inter-slot OCC, inter-symbol OCC and intra-symbol OCC is marginal when a relative high repetition number is applied. 

Observation 7:
Without a relative correct TA information at the UE side, the gNB cannot make decisions for a dynamic scheduled transmission to override an original configured transmission at the UE side. And without a relative correct TA information, the gNB may not even know there will be a collision at the UE side. 

Observation 8:
TA reporting can not only solve some of issues for both Case 3 and 4 but can also facilitate the scheduling of gNB to avoid the collision between dynamic and configured transmission at the UE side.

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.

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.
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