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Introduction
[bookmark: _Hlk162256825]In RAN1 meeting #116bis, the following agreements were made as below [1].
	[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:
· [bookmark: _Hlk166059052]Inter-slot time-domain OCC with PUSCH repetition Type A 
· [bookmark: _Hlk166059068]Inter-symbol(s) time domain OCC 
· [bookmark: _Hlk166059082]Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS

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



[bookmark: _Hlk158922569]In this contribution, we further discuss the potential schemes on performing OCC across symbols or slots or within a symbol for PUSCH transmission in NR-NTN.
Discussion
[bookmark: _Hlk166061060][bookmark: _Hlk166060370]As discussed in previous RAN1 meeting, inter-slot time-domain OCC with PUSCH repetition Type A, inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC are identified as candidate OCC schemes for PUSCH transmission in NR-NTN.
2.1 OCC schemes for PUSCH transmission
The performances of inter-slot time-domain OCC with PUSCH repetition Type A, inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC are evaluated under the assumptions agreed in RAN1 meeting #116. Detailed simulation assumptions which should be reported by companies as well as simulation results are provided in Appendix. 
[bookmark: _Hlk166230406][bookmark: _Hlk166230635][bookmark: _Hlk166230436][bookmark: _Hlk166230457][bookmark: _Hlk166230824][bookmark: _Hlk166230849][bookmark: _Hlk166230959][bookmark: _Hlk166231071][bookmark: _Hlk166231048]According to the simulation results provided in Appendix, from BLER performance point of view, inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC share similar performance, no matter the OCC length is 2 or 4. The performance of inter-slot time-domain OCC with PUSCH repetition Type A would be degraded heavily compared to the other two OCC schemes, especially when the OCC length is 4 and the frequency offset impact is considered, which is unable to achieve the target BLER requirement based on the assumed evaluation condition. However, from throughput point of view, with OCC length N equals to 2 or 4, almost N times throughput can be achieved for PUSCH with OCC when compared to PUSCH without OCC for all the evaluated OCC schemes except for the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A. Even for those cases, the throughput gain is obvious when compared to PUSCH without OCC. Besides, the FO is modelled only at UE side in the simulation. If we assume the gNB would perform FO estimation and compensation for PUSCH demodulation, the impact of FO would be reduced and the performance would be enhanced. Therefore, inter-slot time-domain OCC with PUSCH repetition Type A can still be considered as candidate OCC scheme.  
Observation 1: Almost N times throughput can be achieved for PUSCH with OCC when compared to PUSCH without OCC for all the evaluated OCC schemes except for the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A.
Observation 2: For the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A, throughput gain is obvious when compared to PUSCH without OCC. 
Observation 3: For the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A, the impact of FO would be reduced and the performance would be enhanced if the FO is estimated and compensated at gNB side.
Table 1 gives the analysis of pros and cons of all the candidate OCC schemes and it is observed as follows. 
Table 1. Pros and cons of candidate OCC schemes
	OCC scheme
	Pros
	Cons

	Inter-slot time-domain OCC with PUSCH repetition Type A 

	Less specification impacts.
Legacy TBS calculation and rate-matching can be reused.
	Performance degradation is larger.
Impact of UCI multiplexing should be considered.
RV mapping and frequency hopping should be restricted by OCC length.

	Inter-symbol(s) time-domain OCC 

	Performance degradation is small.
No restriction to RV mapping and frequency hopping.
	Large specification impacts.
TBS determination should be scaled by OCC length.
Rate-matching should be enhanced.
UCI multiplexing should be enhanced.

	Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
	Performance degradation is small.
Same operation for PUCCH format 4 transmission can be reused.
No restriction to RV mapping and frequency hopping.
	Large specification impacts.
TBS determination should be scaled by OCC length.
Rate-matching should be enhanced.
UCI multiplexing should be enhanced.



Observation 4: Each candidate OCC scheme has its pros and cons, and can be considered for PUSCH transmission with OCC.
From the above analysis, the following proposal is made. 
[bookmark: _Hlk159212075]Proposal 1: Support inter-symbol(s) time-domain OCC, intra-symbol pre-DFT-s OCC, and/or inter-slot time-domain OCC for PUSCH transmission.

[bookmark: _Hlk162259172][bookmark: _Hlk162259648][bookmark: _Hlk166073774]2.2 Details of OCC sequence design 
In current specification, the tables for OCC sequence with length 2 or 4 are defined for different purposes, e.g., for transmission of PUCCH format 1/2/3/4, or for transmission of DMRS for PUCCH, or for transmission of PT-RS for PUSCH. At least for OCC length 2 or 4, legacy OCC sequence can be reused,  and there is no need to introduce new OCC sequence design.
Proposal 2: Reuse legacy table for OCC sequence with length 2 or 4.
[bookmark: _Hlk166079885][bookmark: _Hlk166079858]Regarding TBS determination, if inter-slot time-domain OCC scheme is adopted, there is no need to modify TBS determination rule. For inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC, the available RE number for TBS determination should be scaled by the OCC length. If the allocated frequency resource for PUSCH transmission is small to obtain high transmit power density for coverage enhancement, then the determined TBS would be very small after taking OCC scaling into account. In this case, TBoMS is beneficial and should be considered.
Proposal 3: The available RE number for TBS determination should be scaled by the OCC length for inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC.
Proposal 4: Support TBoMS for inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC.
[bookmark: _Hlk166086771][bookmark: _Hlk166082164][bookmark: _Hlk166082144]For inter-slot time-domain OCC, each OCC factor of one OCC sequence with OCC length N is scrambled on one PUSCH, and one OCC group includes N repeated PUSCHs. The PUSCHs in a same OCC group should be associated with a same RV value. Table 1 gives an example, assuming PUSCHs carrying TB0 are expected to be transmitted 4 times repeatedly in time domain, and the OCC length is 2, then the first two PUSCHs and the second two PUSCHs belong to different OCC groups. Correspondingly, the first two PUSCHs should be associated with a same RV value, e.g., RV0, and the second two PUSCHs should be associated with a same RV value, e.g., RV2. 


Figure 1. Example of RV mapping for inter-slot time-domain OCC 
[bookmark: _Hlk166082313]Proposal 5: The PUSCHs in a same OCC group should be associated with a same RV value for inter-slot time-domain OCC.

2.3 Signalling aspects of PUSCH with OCC
[bookmark: _Hlk166084312]As indicated in WID [2], no enhancement for initial access is expected for this objective, hence PUSCH with OCC is expected to be configured to RRC connected UEs. To support PUSCH with OCC, the following information should be provided to UE:
· Enable/disable of PUSCH with OCC
· OCC scheme 
· OCC table and OCC length
· OCC index and/or the association between OCC index and DMRS port
The enable/disable of PUSCH with OCC can be configured through RRC signalling. If multiple OCC schemes are supported, then the adopted OCC scheme should be configured through RRC signalling, otherwise, there is no need to indicate the OCC scheme. OCC table can be specified in the specification, or can be RRC configured if multiple OCC tables are supported. OCC length can be RRC configured similar as PUCCH with OCC. OCC index for determining OCC sequence can be indicated in DCI directly or can be associated with DMRS port to reduce signalling overhead. 
Proposal 6: The following information should be provided to UE for PUSCH with OCC:
· Enable/disable of PUSCH with OCC
· OCC scheme 
· OCC table and OCC length
· OCC index and/or the association between OCC index and DMRS port

2.4 UCI multiplexing
[bookmark: _Hlk166088442]For PUSCH with OCC, if PUSCH and PUCCH are overlapped in time domain, the following options may be considered on how to deal with collisions between PUSCH and PUCCH by UE:
· [bookmark: _Hlk166088461]Option 1: UCI is multiplexed on PUSCH, and UCI uses the same OCC scheme and OCC sequence as PUSCH. 
· Option 2: UCI is multiplexed on PUSCH, and both UCI and PUSCH are transmitted without OCC.
· Option 3: PUCCH is transmitted, and PUSCH is dropped.
· Option 4: Both PUCCH and PUSCH are transmitted. 
For Option 1, OCC mapping is also adopted for UCI, so UCI should be repeated according to the OCC length in one OCC group as PUSCH. Legacy mapping rule can be reused, but the resource determination for UCI mapping may need to be updated. Besides, for inter-slot time-domain OCC with PUSCH repetition Type A, the UCI would be multiplexed with multiple PUSCHs on multiple slots, which may extend the delay of UCI reception. Figure 2 gives an example of UCI mapping for different OCC schemes for Option 1. 


Figure 2. Example of UCI mapping for UCI with OCC 
For Option 2, once PUSCH and PUCCH are overlapped in time domain, then legacy UCI multiplexing on PUSCH is expected, i.e., both UCI and PUSCH are transmitted without OCC in the corresponding OCC group. The disadvantage of this option is that gNB may need to have two assumptions on PUSCH demodulation, one is UCI and PUSCH transmission without OCC, the other is only PUSCH transmission with OCC in case UE does not know it should transmit the corresponding UCI, which would increase the complexity of gNB implementation. The enhancement of uplink throughput cannot be achieved either since the OCC is not applied in the OCC group which is expected to be multiplexed with UCI. Figure 3 gives an example of UCI mapping without OCC for PUSCH configured with OCC, in which both cases, i.e., UCI on PUSCH and PUSCH only, are considered.


Figure 3. Example of UCI mapping for UCI without OCC
For Option 3, the performance would be degraded if the PUSCH is dropped. Besides, for inter-slot time-domain OCC, the PUSCHs in one OCC group should be dropped to guarantee orthogonality of PUSCH transmissions between UEs, which would result in resource waste.
For Option 4, additional UE capability and implementation complexity are required to support simultaneous transmission of PUCCH and PUSCH.
Based on the above discussion, Option 1 is slightly preferred.
Proposal 7: If PUSCH and PUCCH are overlapped in time domain, UCI is multiplexed on PUSCH with the same OCC scheme and OCC sequence as PUSCH.

Conclusion
In this contribution, we further discuss the potential schemes on performing OCC across symbols or slots or within a symbol for PUSCH transmission in NR-NTN. 
The following observations are made.
Observation 1: Almost N times throughput can be achieved for PUSCH with OCC when compared to PUSCH without OCC for all the evaluated OCC schemes except for the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A.
Observation 2: For the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A, throughput gain is obvious when compared to PUSCH without OCC. 
Observation 3: For the cases that OCC length is 4 and FO is considered in inter-slot time-domain OCC with PUSCH repetition Type A, the impact of FO would be reduced and the performance would be enhanced if the FO is estimated and compensated at gNB side.
Observation 4: Each candidate OCC scheme has its pros and cons, and can be considered for PUSCH transmission with OCC.
The following proposals are made.
Proposal 1: Support inter-symbol(s) time-domain OCC, intra-symbol pre-DFT-s OCC, and/or inter-slot time-domain OCC for PUSCH transmission.
Proposal 2: Reuse legacy table for OCC sequence with length 2 or 4.
Proposal 3: The available RE number for TBS determination should be scaled by the OCC length for inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC.
Proposal 4: Support TBoMS for inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC.
Proposal 5: The PUSCHs in a same OCC group should be associated with a same RV value for inter-slot time-domain OCC.
Proposal 6: The following information should be provided to UE for PUSCH with OCC:
· Enable/disable of PUSCH with OCC
· OCC scheme 
· OCC table and OCC length
· OCC index and/or the association between OCC index and DMRS port
Proposal 7: If PUSCH and PUCCH are overlapped in time domain, UCI is multiplexed on PUSCH with the same OCC scheme and OCC sequence as PUSCH.
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Appendix
In the evaluation, four cases of modelling impairments are considered, i.e., without FO and without TO, without FO and with TO, with FO and without TO, and with FO and with TO. For PUSCH transmission with inter-symbol(s) time-domain OCC and intra-symbol pre-DFT-s OCC, TBoMS is considered and the slot number for TB size determination is 2 for OCC length N = 2 and 4 for OCC length N = 4. TB size is determined per slot for other cases. Table 2 listed detailed assumptions which should be reported by companies.
Table 2. Simulation assumptions for OCC evaluation
	Parameter
	Value

	TBS
	184 bits payload @AMR 4.75kbps;
96 bits @Low data rate.

	DMRS configuration / port / bundling
	1 port per UE
DMRS positions for single-symbol DMRS defined in Table 6.4.1.1.3-3 with ld=14, l0=2 and pos1=11 in TS38.211.

	PRBs/MCS
	1 PRB

	Max repetition number
	20 for VoIP;
8 for low data rates.

	OCC length
	2; 4

	OCC sequence
	OCC-2: [+1 +1], [+1 -1];
OCC-4: [+1 +1 +1 +1], [+1 -j -1 +j], [+1 -1 +1 -1], [+1 +j -1 -j].

	TO
	With TO: Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts;
Without TO.

	FO
	Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible;
Without FO.

	Timing drift
	Not considered.

	Receiver algorithm
	MMSE

	Number of code-division multiplexed users
	2; 4

	KPI – SNR for a target BLER per UE
	[bookmark: _Hlk162282184]VoIP: SNR @2% BLER;
Low data rate: SNR @10% BLER.

	KPI - Aggregated throughput
	Total throughput according to number of code-division multiplexed users.


The simulation results of inter-slot time-domain OCC with PUSCH repetition Type A (marked as ‘interslotOCC’), inter-symbol(s) time-domain OCC (marked as ‘intraslotOCC’) and intra-symbol pre-DFT-s OCC (marked as ‘intrasymbolOCC’) for low data rate are provided. As comparison, the performance of PUSCH without OCC (marked as ‘nonOCC’) is also provided. 
· Simulation results of low data rate for OCC length N = 2 
Figure 4 and Figure 5 show the SNR vs. BLER curves and the SNR vs. aggregated throughput curves for 2 users multiplexing respectively for low data rate. Table 3 summarizes the degradation of the required SNR at 10% BLER point for all the candidate OCC schemes when compared to PUSCH without OCC.
Table 3. Degradation of the required SNR at 10% BLER for OCC length N = 2 for low data rate
	Modelling impairment
	Inter-slot OCC
	Intra-slot OCC
	Intra-symbol OCC

	W/O FO and W/O TO
	0.5 dB
	0.6 dB
	0.6 dB

	W/O FO and W/ TO
	0.5 dB
	0.7 dB
	0.7 dB

	W/ FO and W/O TO
	1.1 dB
	0.7 dB
	0.7 dB

	W/ FO and W/ TO
	1.2 dB
	0.5 dB
	0.5 dB
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Figure 4. SNR vs. BLER curves for OCC length N = 2 
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Figure 5. SNR vs. aggregated throughput curves for OCC length N = 2

· Simulation results of low data rate for OCC length N = 4 
Figure 6 and Figure 7 show the SNR vs. BLER curves and the SNR vs. aggregated throughput curves for 4 users multiplexing respectively for low data rate. Table 4 summarizes the degradation of the required SNR at 10% BLER point for all the candidate OCC schemes when compared to PUSCH without OCC.
Table 4. Degradation of the required SNR at 10% BLER for OCC length N = 4 for low data rate
	Modelling impairment
	Inter-slot OCC
	Intra-slot OCC
	Intra-symbol OCC

	W/O FO and W/O TO
	1.4 dB
	0.9 dB
	0.9 dB

	W/O FO and W/ TO
	1.7 dB
	1.0 dB
	1.0 dB

	W/ FO and W/O TO
	-
	1.1 dB
	1.0 dB

	W/ FO and W/ TO
	-
	1.0 dB
	0.9 dB
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Figure 6. SNR vs. BLER curves for OCC length N = 4 
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Figure 7. SNR vs. aggregated throughput curves for OCC length N = 4
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