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[bookmark: _Toc120549591]Introduction
In RAN1#116 meeting [1], progresses have been made on the evaluation methodologies and evaluation assumptions for uplink capacity/throughput enhancement for FR1-NTN. 
In this contribution, we discuss potential enhancements on OCC based uplink capacity/throughput enhancements, and provide preliminary LLS simulation results.
Potential OCC schemes to enhance uplink capacity/throughput
For uplink capacity/throughput enhancement for FR1-NTN, the following potential OCC (Orthogonal Cover Codes) schemes will be discussed:
· Scheme 1: Frequency domain OCC
· Scheme 1A: Pre-DFT OCC (OCC spreading before transform precoding)
· Scheme 1B: Post-DFT OCC (OCC spreading over REs after transform precoding)
· Scheme 2: Time domain OCC
· Scheme 2A: Slot-level OCC (OCC spreading over slots after transform precoding)
· Scheme 2B: Symbol-level OCC (OCC spreading over symbols after transform precoding)
Scheme 1A: Pre-DFT OCC in frequency domain
As shown in Figure 1, Pre-DFT OCC scheme in frequency domain (i.e., OCC spreading before transform precoding), similar as PUCCH format 4, generates a comb-like structure in the frequency domain.


[bookmark: _Ref157936438]Figure 1  Illustration of physical layer processing of Pre-DFT OCC.
Before any spec effort, we need to check whether Pre-DFT OCC can significantly improve uplink capacity/throughput.

As shown in Figure 2, different PUSCH schemes are compared assuming the same RE number allocated to each UE with different allocation pattern.

For multi-RB PUSCH case as shown in Figure 2 (a), similar to TBoMS, Pre-DFT OCC use less subcarriers in one slot which can achieve power boosting gain. And if power boosting is applied, higher modulations and code rates can be used to improve the data rate. As shown in Figure 2(a), pre-DFT OCC has better throughput compared with baseline case. But TBoMS may have similar performance as pre-DFT-OCC, since it can also achieve the power boosting gain. TBoMS can use less frequency resources but with more time domain resources allocation. In addition, the TBoMS may have better performance compared with pre-DFT-OCC, since it is less sensitive to the frequency synchronization drift. 

Similar analysis can be performed for single-RB PUSCH case as shown in Figure 2 (b). It is clear that the power boosting gains can be achieved for pre-DFT-OCC. Additional power can increase the data rate for the pre-DFT-OCC compared with the baseline case. Since no sub-PRB transmission is supported in the current specification. The benefits of pre-DFT-OCC is clear. But it should be further discussed that if the single PRB transmission or sub-PRB transmission can fulfil the service requirement for the uplink.

Based on the above discussion, pre-DFT OCC scheme for PUSCH transmission with single RB can be further studied. The detailed LLS evaluation method can be found in section 3.


[bookmark: _Ref157940177]Figure 2  Performance analysis of Pre-DFT OCC.
[bookmark: _Hlk158309713]Observation 1: 
For multiple PRB transmission in uplink, TBoMS can achieve similar power boosting gain to increase the date rate and uplink capacity as pre-DFT-OCC. And TBoMS is less sensitive to the frequency drift or synchronization error, compared with pre-DFT-OCC.

Observation 2: 
For single PRB transmission case, no sub-PRB transmission is supported. In this case, the benefits of pre-DFT-OCC is clear. But the using scenario of sub-PRB should be further discussed and clarified.

Proposal 1: 
Further study pre-DFT OCC scheme in frequency domain for PUSCH transmission with a single RB.
Scheme 1B: Post-DFT OCC in frequency domain
The physical layer processing of Post-DFT OCC scheme in frequency domain is shown in Figure 3 for illustration.


[bookmark: _Ref157949397]Figure 3  Illustration of physical layer processing of Post-DFT OCC.
As shown in Figure 4, compared with Pre-DFT OCC, Post-DFT OCC may have more rigorous RF requirement (e.g., frequency flatness within a RB), less capability (e.g., no power boosting gain), which may result in performance degradation. 
Based on the above discussion, it is preferred to deprioritize the study of Post-DFT OCC scheme.


[bookmark: _Ref157951621]Figure 4  Comparison between Pre-DFT OCC and Post-DFT OCC.
[bookmark: _Hlk158309721]Observation 3: 
Compared with Pre-DFT OCC scheme in frequency domain, Post-DFT OCC scheme in frequency domain may have more rigorous RF requirement (e.g., frequency flatness within a RB), less capability (e.g., no power boosting gain), which may result in worse performance.

Proposal 2: 
Deprioritize the study of Post-DFT OCC scheme in frequency domain.
Scheme 2A: Slot-level OCC in time domain
As shown in Figure 5, in principle, Slot-level OCC scheme in time domain may support multiple UE multiplexing on the top of slot-level repetition to significantly increase the aggregated network capacity.


[bookmark: _Ref158023301]Figure 5  Principle of Slot-level OCC.
Nevertheless, realistic impairments, e.g. Doppler, time variation, phase distortion, etc, may impact the orthogonality of the OCC sequence and reduce the performance, especially when the OCC operation spans over a long period. 
As shown in Figure 6, in the current spec, the RV of PUSCH repetition scheduled by DCI would change according to the pattern of [0,2,3,1]. It will increase the time span of OCC operation, since one OCC code should cover at least 4 slots with different RV. TBoMS repetition has even longer time span of OCC operation, since RV is updated every N slots in the pattern of [0, 2, ,3, 1], where N is number of slots used for TBS determination. CG repetition can support shorter time span of OCC operation when RV pattern is configured as [0, 3, 0, 3] or [0, 0, 0, 0].


[bookmark: _Ref158025341]Figure 6  Example of Slot-level OCC considering RV pattern.
Based on the above discussion, slot-level OCC scheme needs more studies, with consideration of the realistic impairments, e.g. Doppler, time variation, phase distortion, etc. The detailed LLS evaluation method can be found in section 3.

[bookmark: _Hlk158309739]Proposal 3: 
Slot-level OCC schemes need more studies with the consideration of realistic impairments.

Scheme 2B: Symbol-level OCC in time domain
As shown in Figure 7, compared with slot-based OCC, symbol-level OCC may reduce the time span of OCC operation to overcome realistic impairments and keeping the orthogonality between OCCs. But it can be observed that, the symbol level repetition or the sub-slot level repetition will be introduced within one slot. It will have a large specification impact to the resource mapping of PUSCH. It should further study the benefits and the specification impact of the symbol-level OCC for PUSCH.

[bookmark: _Hlk158309748]Observation 4:
Compared with slot-level OCC, the symbol level OCC has larger specification impact at least for RE mapping.


[bookmark: _Ref158025973]Figure 7  Example of symbol-level OCC.
[bookmark: _Hlk158309754]Proposal 4: 
It should further study the symbol level OCC considering both technical performance and the specification impacts.
[bookmark: _Ref157948296]Preliminary evaluation results of OCC enhancements
In the last meeting, the evaluation methodologies and evaluation assumptions were discussed and agreed. Based on the evaluation assumptions, a preliminary evaluation of the slot-level OCC enhancement was carried out. The detailed link level simulation assumptions are listed in the Annex I. The preliminary evaluation results of required SINR are listed below. The required SINR of PUSCH repetitions without OCC or multiple UE multiplexing are considered as baseline. And the required SINR of PUSCH repetitions with OCC and multiple UE multiplexing are compared. The frequency offsets as agreed in the last meeting are considered in the simulations. 

Table 1: Preliminary evaluation results of the SINR losses of OCC enhancements
	Cases
	MU/SU
	Repetitions
	Redundancy 
Version #1
	SNR(dB)
 10% iBLER
	SINR losses (dB) of OCC multiplexing 
compared with SU PUSCH repetitions
	Redundancy 
Version #2
	SNR(dB)
 10% iBLER
	Redundancy Version #3
	SNR(dB)
 10% iBLER

	1
	1
	1
	RV = {0}
	-0.39
	　
	　
	　
	　
	　

	2
	1
	2
	RV = {0, 0}
	-2.65
	　
	　
	　
	　
	　

	3
	2
	2
	RV = {0, 0}
	-0.87
	1.78
	　
	　
	　
	　

	4
	1
	4
	RV = {0, 0, 0, 0}
	-4.9
	　
	　
	　
	　
	　

	5
	2
	4
	RV = {0, 0, 0, 0}
	-4.25
	0.65
	　
	　
	　
	　

	6
	4
	4
	RV = {0, 0, 0, 0}
	/
	　
	　
	　
	　
	　

	7
	1
	8
	RV = {0, 0, 0, 0, 
0, 0, 0, 0}
	-7.3
	　
	　
	　
	　
	　

	8
	2
	8
	RV = {0, 0, 0, 0, 
0, 0, 0, 0}
	-6.41
	0.89
	Case 19:
RV = {0,0,2,2,3,3,1,1}
	-6.45
	Case 22:
RV = {0,2,3,1}*2
	-2.15

	9
	4
	8
	RV = {0, 0, 0, 0, 
0, 0, 0, 0}
	-4.01
	3.29
	　
	　
	　
	　

	10
	8
	8
	RV = {0, 0, 0, 0, 
0, 0, 0, 0}
	/
	　
	　
	　
	　
	　

	11
	1
	16
	RV = {0}*16
	-9.18
	　
	　
	　
	　
	　

	12
	2
	16
	RV = {0}*16
	-8.8
	0.38
	　
	　
	　
	　

	13
	4
	16
	RV = {0}*16
	-6.77
	2.41
	Case 20:
RV = {0}*4, {2}*4, {3}*4, {1}*4, 
	-6.85
	Case 23:
RV = {0,2,3,1}*4
	/

	14
	8
	16
	RV = {0}*16
	/
	　
	　
	　
	
	　

	15
	1
	32
	RV = {0}*32
	-11.12
	　
	　
	　
	　
	　

	16
	2
	32
	RV = {0}*32
	-11.11
	0.01
	　
	　
	　
	　

	17
	4
	32
	RV = {0}*32
	-8.81
	2.31
	　
	　
	　
	　

	18
	8
	32
	RV = {0}*32
	-6.06
	5.06
	Case 21:
RV = {0}*4, {2}*4, {3}*4, {1}*4, 
	-6.58
	Case 24:
RV = {0,2,3,1}*4
	/



Three types of redundancy versions are considered in the link level evaluations. The examples are illustrated in the figure below. 
[image: 应用程序

中度可信度描述已自动生成]
Figure 8 An example of three types of redundance versions for the OCC performance evaluations

Redundancy version of all zeros, as Redundancy version #1, are considered in the Case 1~18 as baseline for the simplicity. Compared with single UE (SU) PUSCH repetitions, the SINR losses of MU=2 with OCC is marginal in the case of 2, 4, 8, 16, 32 repetitions. And the SINR losses will increase as the multiplexed UE numbers increases. For example, compared with Case 8, 9, 12, 13, 16, 17,18, the SINR losses increase as the multiplexed UE increases. But the performance losses are still acceptable, considering the total throughputs increases as 2/4/8 folds. But still in some cases, such as Case 6, 10 and 14, due to the inference between UEs and limited number of repetitions, the performance cannot fulfil the 10% BLER. 

On the other hand, the performance of RV#2 and RV#3 are compared. RV#3 is aligned with the current specification for the DG based PUSCH repetitions. And the RV#2 is a updated version based on RV#3, in which the same RV are located closely. The performance of RV#2 is similar as the one with RV#1. But the performance losses of RV#3 are drastic. For Case 23 and Case 24, the 10% BLER cannot be fulfilled. The legacy RV cycling pattern for DG PUSCH repetition may not be workable in the PUSCH repetition with OCC multiplexing. 

Observation 5:
The required SINR losses of OCC multiplexed PUSCH repetitions may be acceptable under the consideration of the multiplied system throughputs. 

Observation 6:
The legacy redundancy version cycling as defined in current specification of DG PUSCH repetition may not be workable as the repetition number increases. Some modifications of the RV cycling in PUSCH repetitions may be required. 

Proposal 5:
Considering the acceptable SINR losses and the multiplied system throughputs, the slot-level OCC multiplexing in PUSCH repetitions can be supported.

Proposal 6:
The redundancy version cycling of the PUSCH repetitions should be considered for the enhancements, as in some cases the performance of multiplexing would be decreased due to the change RV.

Other issues
In RAN1#116 meeting, the following issues were raised by companies. And the initial proposal from FL is as below [2]. 

	
Initial Proposal 5-1
[bookmark: _Hlk160178872]On whether OCC can also be applied to Msg3 PUSCH with repetition(s), it is not in scope of study considering the note in the WID “ no enhancement for initial access”?

Initial Proposal 5-2
Companies are encouraged to comment on whether the following can be studied:
· [bookmark: _Hlk162881430]OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s)
· UE grouping for OCC based PUSCH transmission to prevent near-far problem
· UCI multiplexing rules for PUSCH with OCC



Msg 3 PUSCH with repetition(s)

Since it is clear captured in the WID [3] that no enhancement for initial access, the enhancements to the initial access procedure which includes Msg 3 PUSCH with repetitions should not be pursued considering the limited TU. If this item draws enough interests from the group, it can be discussed in the later phase of the WI. Currently the discussion on the OCC application to the Msg 3 PUSCH with repetitions should be deprioritized. 

Proposal 7:
The discussion on the OCC application to the Msg 3 PUSCH with repetitions should be deprioritized. 

As also commented in the FL summary, the indication and configuration of the OCC should be the focuses in the normative work. We should put more emphasis on the study phase for the performance evaluation and the justification of the OCC enhancement to improve the PUSCH capacity. The configuration and indication of OCC can be discussed in the later phase of WI. 

Proposal 8:
The OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s) can be discussed in the later phase. 
The UE grouping for OCC based PUSCH transmission to prevent near-far problem are more of implementations. Based on the RSRP report or the information of UE locations, gNB can decides which group of the UEs have the similar transmit power and can prevent the power imbalance between the UEs and the OCC sequences. 

Observation 7:
The UE grouping for OCC based PUSCH transmission to prevent near-far problem is an implementation issue. 

UCI multiplexing rules for PUSCH with OCC

As captured in TS 38.213, if a PUSCH repetition occasion is overlapped with a PUCCH with UCI, UE may multiplex the UCI in the overlapped PUSCH repetition is some cases. And in other cases (e.g., if overlapped with a PUCCH repetition), UE may transmit the PUCCH and does not transmit the overlapped PUSCH repetition occasion. The detailed description in the specification is captured in the Annex. 

As shown in Figure 8, if the PUCCH repetitions are overlapped with the PUSCH repetitions with OCC, the PUSCH repetition, e.g. slot n+1 as in UE 1, may be dropped. And if a UCI would be reported in the slot n+2 in UE 2, the UCI should be multiplexed in the PUSCH repetition in that slot. Both the dropping of the slot of UE1 and the UCI multiplexing of UE2 will destroy the orthogonality of OCC enhanced PUSCH repetition. Since the content of PUSCH repetition would be different from other PUSCH repetitions. 



[bookmark: _Ref162876499]Figure 8. UCI multiplexing issues for PUSCH with OCC.
Observation 8:
Based on current specifications, the UCI multiplexing with PUSCH repetition and the dropping of PUSCH repetition happens, which will break the orthogonality of the OCC enhanced PUSCH repetitions. 

Based on the discussion above, it should be discussed in the later phase the enhancements for the case of PUSCH repetition dropping and the UCI multiplexing when the time domain based OCC enhancements are applied. 

Proposal 9: 
It should be discussed in the later phase the enhancements for the cases of PUSCH repetition dropping and the UCI multiplexing when the time domain based OCC enhancements are applied. 

Conclusions
In this contribution, we discuss potential enhancements on OCC based uplink capacity/throughput enhancement and provide preliminary LLS simulation results. The observations and proposals are listed below. 

Observation 1: 
For multiple PRB transmission in uplink, TBoMS can achieve similar power boosting gain to increase the date rate and uplink capacity as pre-DFT-OCC. And TBoMS is less sensitive to the frequency drift or synchronization error, compared with pre-DFT-OCC.

Observation 2: 
For single PRB transmission case, no sub-PRB transmission is supported. In this case, the benefits of pre-DFT-OCC is clear. But the using scenario of sub-PRB should be further discussed and clarified.

Observation 3: 
Compared with Pre-DFT OCC scheme in frequency domain, Post-DFT OCC scheme in frequency domain may have more rigorous RF requirement (e.g., frequency flatness within a RB), less capability (e.g., no power boosting gain), which may result in worse performance.

Observation 4:
Compared with slot-level OCC, the symbol level OCC has larger specification impact at least for RE mapping.

Observation 5:
The required SINR losses of OCC multiplexed PUSCH repetitions may be acceptable under the consideration of the multiplied system throughputs. 

Observation 6:
The legacy redundancy version cycling as defined in current specification of DG PUSCH repetition may not be workable as the repetition number increases. Some modifications of the RV cycling in PUSCH repetitions may be required. 

Observation 7:
The UE grouping for OCC based PUSCH transmission to prevent near-far problem is an implementation issue. 
Observation 8:
Based on current specifications, the UCI multiplexing with PUSCH repetition and the dropping of PUSCH repetition happens, which will break the orthogonality of the OCC enhanced PUSCH repetitions. 

Proposal 1: 
Further study pre-DFT OCC scheme in frequency domain for PUSCH transmission with a single RB.

Proposal 2: 
Deprioritize the study of Post-DFT OCC scheme in frequency domain.

Proposal 3: 
Slot-level OCC schemes need more studies with the consideration of realistic impairments.

Proposal 4: 
It should further study the symbol level OCC considering both technical performance and the specification impacts.

Proposal 5:
Considering the acceptable SINR losses and the multiplied system throughputs, the slot-level OCC multiplexing in PUSCH repetitions can be supported.

Proposal 6:
The redundancy version cycling of the PUSCH repetitions should be considered for the enhancements, as in some cases the performance of multiplexing would be decreased due to the change RV.

Proposal 7:
The discussion on the OCC application to the Msg 3 PUSCH with repetitions should be deprioritized. 

Proposal 8:
The OCC indication/configuration to mitigate UL interference among cell(s) and/or satellite beam(s) can be discussed in the later phase. 

Proposal 9: 
It should be discussed in the later phase the enhancements for the cases of PUSCH repetition dropping and the UCI multiplexing when the time domain based OCC enhancements are applied.
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Annex I: Link level simulation assumptions for the slot-level OCC
Table 1 Parameters for the OCC evaluations
	Parameter
	Value

	Carrier frequency
	2 GHz

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

	Frequency offset
	0.1 ppm

	Timing offset
	without TO

	SCS
	15kHz 

	BW
	For single UE
2PRB for 3kbps

	MCS
	QPSK MCS=8 for OCC UE <= 4
QPSK MCS=9 for OCC UE = 8

	TBS
	96bits

	DMRS configuration
	Type I, single-symbol, 2 DMRS symbol, no multiplexing with data, [2 11]

When OCC enhancements with 8 UEs multiplexing (8 port DMRS), two symbol front loaded DMRSs are used.
DMRS bundling is enabled.

	Symbol allocation
	14 symbols 

	Waveform
	DFT-S-OFDM

	Channel estimation
	Realistic 

	BLER
	10% iBLER for 3kbps

	Evaluation angle
	30O LEO

	Repetition
	PUSCH repetition Type-A 1, 2, 4, 8, 16, 32

	OCC scheme
	OCC multiplexing across slots



Annex II: Quotations of section 9 from TS 38.213
	[TS 38.213]
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc156237197]9	UE procedure for reporting control information
If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1, and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
[bookmark: _Hlk159157618]If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
When a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a ConfiguredGrantConfig, and includes CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the PUSCH transmission if the UE is provided cg-UCI-Multiplexing; otherwise, if the HARQ-ACK information and the PUSCH have same priority index, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission; if the HARQ-ACK information and the PUSCH have different priority indexes, the UE does not transmit the channel with the smaller priority index.

[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc146789780]9.2.6	PUCCH repetition procedure
[bookmark: _Hlk86776043]A UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, where
-	if the PUCCH resource is indicated by a DCI format and includes pucch-RepetitionNrofSlots,  is provided by pucch-RepetitionNrofSlots
-	otherwise,  is provided by nrofSlots
If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type A or with TB processing over multiple slots over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.
If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type B over a second number of slots, and the PUCCH transmission would overlap with actual PUSCH repetitions in one or more slots, and the conditions in clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied for the overlapping actual PUSCH repetitions, the UE transmits the PUCCH and does not transmit the overlapping actual PUSCH repetitions.
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