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Introduction
In RAN #103 meeting, the WID of Release 19 NR NTN was revised [1]. One objective of the WID is uplink capacity/throughput enhancement for FR1-NTN. In RAN1 #116bis meeting [2], the following agreements have been 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

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 contribution, we provide our views on the study of NR-NTN uplink capacity enhancement. 
Discussion
Orthogonal Cover Codes (OCC) sequence 
There are two types of OCC codes: Walsh codes and DFT-based OCC codes. The Walsh codes correspond to lines of a special square matrix, i.e., Hadamard matrix. The length of Walsh codes has to be a power of 2. For example, length-2 Walsh codes could be [1 1] and [1 -1], while length-4 Walsh codes could be [1 1 1 1], [1 -1 1 -1], [1 1 -1 -1] and [1 -1 -1 1]. These sequences are used in PUCCH format 2 (i.e., Table 6.3.2.5A-1 and Table 6.3.2.5A-2 in [3]). 
The DFT-based OCC sequence is generated by a formula of , where . The length of DFT-based OCC sequence can be any positive integer. For example, length-2 DFT-based OCC sequences are [1 1] and [1 -1], length-3 DFT-based OCC sequences are [1 1 1], [1, , ] and [1, , ], length-4 DFT-based OCC sequence are [1 1 1 1], [1, , , ], [1, , , ] and [1, , , ]. These sequences are used in PUCCH format 1 (i.e., Table 6.3.2.4.1-2 in [3]), PUCCH format 3 and format 4 (i.e., Table 6.3.2.6.3-1 and Table 6.3.2.6.3-2 in [3]). 

RAN1 should first determine which OCC sequence is to be used to spread PUSCH. 

Proposal 1: RAN1 is to determine whether Walsh codes or DFT-based OCC codes is used to generate OCC sequence.

OCC Spreading Schemes
Three different schemes of spreading PUSCH with OCC sequence were identified for further down-selection [2]: inter-slot time-domain OCC with PUSCH repetition Type A; inter-symbol(s) time domain OCC; intra-symbol pre-DFT-s OCC. We shall examine these three different schemes. 

Inter-slot time-domain OCC with PUSCH repetition Type A 
For PUSCH repetition type A, a single OCC codeword is applied to a PUSCH repetition in a slot. 

It is clear that inter-slot time-domain OCC does not have specification impact on TBS calculation and resource mapping.

In case of PUSCH repetition type A, if PUCCH resource and PUSCH resource have time domain overlap, then UCI is multiplexed on the corresponding overlapped PUSCH repetition. However, this scheme does not fit for PUSCH spreading with OCC, since it is expected that the same contents are used in all PUSCH repetitions. Hence, the UCI multiplexing rule needs to be modified for inter-slot time-domain OCC. 

For PUSCH repetition type A, the RV cycling across repetitions is applied. However, this RV cycling across repetitions does not fit inter-slot time-domain OCC since the PUSCH repetitions with OCC spreading should have the same RV. Hence, the RV cycling across repetitions rule needs to be modified for inter-slot time-domain OCC. 

Observation 1: The inter-slot time-domain OCC with PUSCH repetition Type A does not have specification impact on TBS calculation and resource mapping, but has specification impact on UCI multiplexing and RV cycling across repetitions.

It is required that the PUSCH repetitions with OCC spreading have the same RV. To achieve this, a simple way is to pause RV cycling so that all PUSCH repetitions have a common RV. This is shown as the top sub-figure of Figure 1. This approach may result in performance loss. 

An alternative way is to keep RV cycling over every X slots, where X is the OCC length. For example, the number of PUSCH repetitions is 4 and X=2. Then two PUSCH repetitions have RV=0 and the other two PUSCH repetitions have RV=2. Here, we could have two options on the order between RV cycling and OCC cycling. In the first option, OCC cycling is performed before RV cycling, as shown in the middle sub-figure of Figure 1. In the second option, RV cycling is performed before OCC cycling, as shown in the bottom sub-figure of Figure 1.
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[bookmark: _Ref161831498]Figure 1: Exemplary OCC = [1 -1] across slots

Proposal 2: For inter-slot time-domain OCC with PUSCH repetition Type A, consider the following options for PUSCH repetition:
· Option 1: Pause RV cycling in PUSCH repetition
· Option 2: Keep RV cycling over every X PUSCH repetitions, where X is OCC length. 
· FFS: ordering between OCC cycling and RV cycling

Inter-symbol(s) time domain OCC 
Suppose the PUSCH OFDM symbols before OCC spreading are [, …, ]. The OCC sequence to spread PUSCH is denoted by [, …, ]. The PUSCH OFDM symbols with OCC spreading are [, , …, , …, ,…, ], if OCC is applied to a single symbol. If OCC is applied to two symbols, then PUSCH OFDM symbols with OCC spreading are [, , , ,…, , , , …, , ],

The top sub-figure of Figure 2 shows an example of OCC = [1 -1] across every single OFDM symbol, where PUSCH data symbols are in blue color and PUSCH DMRS symbols are in orange color. The bottom sub-figure of Figure 2 shows an example of OCC = [1 -1] across every 2 OFDM symbols,
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[bookmark: _Ref156740198]Figure 2: Exemplary OCC = [1 -1] across OFDM symbols 
It is clear that inter-symbol(s) time-domain OCC has specification impact on resource mapping, since the same OFDM symbol will be repeated by the number of OCC length in a PUSCH. The TBS in inter-symbol(s) time-domain OCC is scaled down by a factor of OCC length from the legacy TBS determination. 

Since UCI multiplexing on PUSCH is performed before PUSCH resource mapping with OCC spreading, inter-symbol(s) time-domain OCC does not have specification impact for UCI multiplexing on PUSCH. 

On the other hand, since the OCC operations are within a PUSCH repetition, the inter-symbol(s) time-domain OCC does not have specification impact on RV cycling across repetitions. 

Observation 2: The inter-symbol(s) time-domain OCC has specification impact on TBS calculation, resource mapping, but does not have specification impact on UCI multiplexing and RV cycling across repetitions. 

There are several design details to be considered for inter-symbol(s) time-domain OCC. 

Issue 1: the total number of PUSCH OFDM symbols after OCC spreading. 

For a PUSCH transmission, the number of PUSCH OFDM symbols is configured or indicated, e.g., via time domain resource allocation (TDRA). If PUSCH is spread with OCC, then the total number of PUSCH OFDM symbols needs to be determined. 

In one way, the total number of PUSCH OFDM symbols with OCC spreading is equal to the configured or indicated value from TDRA. In an alternative way, the total number of PUSCH OFDM symbols with OCC spreading is equal to the configured or indicated value multiplied with OCC length. For example, DCI indicates that a PUSCH transmission occupies 5 OFDM symbols. If PUSCH is spread with OCC sequence of length 2, whether the total number of PUSCH OFDM symbols with OCC spreading is 5 or 10 needs to be determined. 

Issue 2: handling the orphan OFDM symbols for PUSCH in case of OCC spreading. 

How to handle the orphan OFDM symbols for PUSCH in case of OCC spreading is unclear. If the number of OFDM symbols carrying PUSCH data is not an integer multiple of OCC length, then the resource mapping on the orphan symbols needs to be studied. This scenario becomes common for large OCC length (e.g., OCC length of 4), but it may also occur for small OCC length. For example, there is an orphan OFDM symbol in Figure 2, if a PUSCH occupies 13 OFDM symbols. 

Proposal 3: For inter-symbol(s) time domain OCC, study at least the total number of PUSCH OFDM symbols after OCC spreading and the handling of orphan PUSCH symbols under OCC spreading.

The inter-symbol(s) time domain OCC may be used together with PUSCH repetition type B, where the number of symbols for OCC spreading is equal to the number of OFDM symbols in each PUSCH repetition. In this way, the orphan PUSCH symbols under spreading does not exist and the number of PUSCH OFDM symbols after OCC spreading follows the configured or indicated value from TDRA. 

Intra-symbol pre-DFT-s OCC
In the previous two cases, the OCC spreading is performed after DFT operation, or post-DFT OCC spreading. On the other hand, the OCC spreading may be applied before DFT operation as well. This is like PUCCH format 4, which only supports OCC length of 2 and 4. PUCCH format 4 occupies a single RB and 4-14 OFDM symbols. Since 12 sub-carriers in a single RB are divisible of OCC length of 2 or 4, the block-wise OCC spreading is performed on every 6 or 3 modulation symbols, respective to OCC length of 2 or 4. 

For DFT-s-OFDM PUSCH enhancement, we could apply the similar scheme to multiplex the transmissions from multiple UEs. If a PUSCH transmission occupies  RBs, the OCC spreading can be performed on every block of  modulation symbols (shown as left sub-figure of Figure 3), or every single modulation symbol (shown as right sub-figure of Figure 3).
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[bookmark: _Ref161840098]Figure 3: Exemplary OCC = [1 -1] within an OFDM symbol
Proposal 4: For intra-symbol pre-DFT-s OCC, study the block size of OCC spreading.

It is clear that intra-symbol pre-DFT-s OCC has specification impact on resource mapping, since the same modulation symbol will be repeated by the number of OCC length on a single OFDM symbol. The TBS in intra-symbol pre-DFT-s OCC is scaled down by a factor of OCC length from the legacy TBS determination. 

Since UCI multiplexing on PUSCH is performed before PUSCH resource mapping with OCC spreading, intra-symbol pre-DFT-s OCC does not have specification impact for UCI multiplexing on PUSCH. 

On the other hand, since the OCC operations are within an OFDM symbol, the intra-symbol pre-DFT-s OCC does not have specification impact on RV cycling across repetitions. 

Observation 3: The intra-symbol pre-DFT-s OCC has specification impact on TBS calculation, resource mapping, but does not have specification impact on UCI multiplexing and RV cycling across repetitions. 

Scope and signaling of PUSCH with OCC
According to WID [1], there is no restriction on whether the OCC spreading on PUSCH is for dynamic grant PUSCH, type 1 configured grant PUSCH or type 2 configured grant PUSCH. In our view, OCC spreading on PUSCH should be applicable for all of dynamic grant PUSCH, type 1 and type 2 configured grant PUSCH.

Proposal 5: For PUSCH enhancement via OCC spreading, RAN1 to consider dynamic grant PUSCH, type 1 configured grant PUSCH and type 2 configured grant PUSCH.

In general, the contents of OCC related signaling include OCC length and OCC sequence index. 

For type 1 configured grant PUSCH, the OCC related information is contained in RRC configuration. For type 2 configured grant PUSCH, it is possible that the OCC related information is contained in RRC configuration. The activation of type 2 configured grant PUSCH transmissions, with or without OCC spreading, can be validated via special DCI fields. 

For dynamic grant PUSCH, part of the OCC information can be provided via configuration in order to save DCI payload. For example, a UE may be configured with a single OCC length and DCI only indicates the OCC sequence index under the configured OCC length. In case of fallback DCI, which does not have additional available field for OCC indication, MAC CE based indication can be considered.

Proposal 6: The contents of OCC related information include OCC length and OCC sequence index. RAN1 to study the signaling to support PUSCH with OCC spreading. 

Evaluation Results 
The assumptions used for the link level simulation are summarized in the following table:

Table 1: Simulation assumptions for PUSCH with small data rate 
	Parameter
	Value

	Channel model
	NTN-TDL-C Rural, 30° elevation angle

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	UE speed
	3 km/h

	Frequency hopping 
	No frequency hopping

	PUSCH mapping type A
	14 OS- for OCC across slots including DMRS 

	HARQ configuration 
	No HARQ

	Channel coding
	LDPC

	TBS
	32 bits 

	DMRS configuration 
	2 DMRS symbols

	PRBs/MCS
	1 PRB with MCS = 120/1024

	Max repetition number
	4

	OCC length 
	2, 4

	OCC sequence
	Walsh sequences

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Channel estimation
	Ideal

	Time offset
	None

	Frequency offset
	None
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[bookmark: _Ref161922014]Figure 4: Performance of PUSCH with OCC
With the above simulation assumptions, we provide the simulation results in Figure 4. From the figure, we observe that at 10% BLER, the required SINR of PUSCH with inter-slot time-domain OCC spreading with OCC length of 2 and 4 is similar to that of PUSCH without OCC.

Observation 4: The BLER performance of PUSCH with inter-slot time-domain OCC spreading does not show significant degradation at OCC length of 2 and 4. 

Overall, we prefer to support inter-slot time-domain OCC scheme due to its acceptable performance and least specification impact. 
 
Proposal 7: RAN1 is to prioritize the inter-slot time-domain OCC scheme. 

Conclusion
In this contribution, we provided our views on NR-NTN uplink capacity enhancements. Our observations and proposals are as follows:

Proposal 1: RAN1 is to determine whether Walsh codes or DFT-based OCC codes is used to generate OCC sequence.

Observation 1: The inter-slot time-domain OCC with PUSCH repetition Type A does not have specification impact on TBS calculation and resource mapping, but has specification impact on UCI multiplexing, RV cycling across repetitions.

Proposal 2: For inter-slot time-domain OCC with PUSCH repetition Type A, consider the following options for PUSCH repetition:
· Option 1: Pause RV cycling in PUSCH repetition
· Option 2: Keep RV cycling over every X PUSCH repetitions, where X is OCC length. 
· FFS: ordering between OCC cycling and RV cycling

Observation 2: The inter-symbol(s) time-domain OCC has specification impact on TBS calculation, resource mapping, but does not have specification impact on UCI multiplexing and RV cycling across repetitions. 

Proposal 3: For inter-symbol(s) time domain OCC, study at least the total number of PUSCH OFDM symbols after OCC spreading and the handling of orphan PUSCH symbols under OCC spreading.

Proposal 4: For intra-symbol pre-DFT-s OCC, study the block size of OCC spreading.

Observation 3: The intra-symbol pre-DFT-s OCC has specification impact on TBS calculation, resource mapping, but does not have specification impact on UCI multiplexing and RV cycling across repetitions. 

Proposal 5: For PUSCH enhancement via OCC spreading, RAN1 to consider dynamic grant PUSCH, type 1 configured grant PUSCH and type 2 configured grant PUSCH.

Proposal 6: The contents of OCC related information include OCC length and OCC sequence index. RAN1 to study the signaling to support PUSCH with OCC spreading. 

Observation 4: The BLER performance of PUSCH with inter-slot time-domain OCC spreading does not show significant degradation at OCC length of 2 and 4.

Proposal 7: RAN1 is to prioritize the inter-slot time-domain OCC scheme. 
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