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1. [bookmark: _Ref18181]Introduction
For the WI Non-Terrestrial Networks (NTN) for NR Phase 3[1], in RAN1#116, the assumptions on the LLS simulation for UL capacity enhancement has been agreed.
In this contribution, the views on UL capacity enhancement are further elaborated based on the progress.
1. [bookmark: _Ref54269283]Discussion on UL capacity enhancement
In this section, the discussion mainly focuses on two aspects, i.e., how to design the OCC sequence and how to map or apply the sequence to the PUSCH transmission.
1. OCC sequence design
In existing specification, there are already some types of OCC sequences used for control channels that require UE multiplexing, e.g. Walsh sequence, DFT sequence. For the OCC sequence type for NR PUSCH, the existing sequences types for PUCCH in TS 38.211 can be used as baseline.
Among the different sequence types for PUCCH in existing NR specifications, although the elements include real values, imaginary values, complex values, there is no difference on the performance since the cross-correlation is always zero between different orthogonal sequences no matter what value types. The main factor that matters is the sequence length, since only DFT sequence can support flexible length 1~7 while the other 2 sequence types can only support certain sequence length 2 or 4.
Furthermore, it should be noticed that there is also parallel discussion on the OCC for NPRACH and NPUSCH for IoT NTN, it will save a lot of effort if we consider a unified sequence design for PUSCH, NPRACH, and NPUSCH. For different NPRACH formats, the repetition number in a repetition group could be 3 or 5, then the sequence length should be flexible enough to ensure the OCC sequence can be compatible with different configurations. 
Proposal 1: To ensure a unified sequence design for NR PUSCH, IoT NPUSCH and NPRACH, the existing sequence for PUCCH format 1 in TS 38.211 can be used as baseline sequence.
1. Discussion on the OCC mapping method
2.2.1 Technical analysis
As discussed in RAN#116, the potential mapping method of the OCC can be done in following solutions with different granularities for resource mapping: 
· OCC across slots
In NR specification, the PUSCH transmission of repetitions with repetition type A or type B are configured in slot or mini-slot level. Then, for the application of OCC in time domain, the most straightforward way is to associate the OCC sequence with repetitions, i.e., each element of the OCC sequence is mapped to each repetition(s). In this way, the legacy resource mapping method will be maintained which is also aligned with the processing of repeated transmission with limited efforts to support the de-OCC operation,  i.e., OCC combination among repetitions can be done with the knowledge of different OCC sequences for different UEs, then the per UE signal can be extracted from the superimposed signal. Therefore, the spec effort and implementation complexity are limited for OCC across slots. However, when frequency offset exists, the accumulated phase error may have impacts on the performance with large number of multiplexed UE, which highly depends on the requirements for enhancement.
In addition, OCC application requires the content of each repetition is exactly the same, so the redundancy version for different repetitions should be kept the same, e.g. always 0.
Observation 1: OCC across slots can provide the promising gain with limited spec effort and implementation complexity considering the tolerance to frequency offset.
Proposal 2: In NR NTN with OCC across slots, the redundancy versions for different repetitions should be kept the same.
· OCC across symbols
In existing NR specification, the resource mapping is done before the repetitions, that is to say, multiple different symbols are mapped in a slot, then the slot is copied in multiple repetitions each with multiple different symbols.
However, if we want to apply different OCC elements across symbols, it requires the content of multiple adjacent symbols to be the same, and the legacy resource mapping cannot be reused. In this new resource mapping, we need to first decide on a total duration of transport block, the transport block can then be divided into multiple individual symbols, if repetition is configured, each symbol will be repeated and mapped in adjacent positions, then different symbol groups are connected with each other. In short, the repetition is performed in granularity of symbols instead of slots compared with OCC across slots.
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Figure 1. Comparison between OCC across slots and OCC across symbols
An example is shown above, OCC sequence is [+1, -1, +1, -1], 4 repetitions are configured, and in each slot the first 4 symbols are illustrated for simplicity. It can be seen that in OCC across slots, the symbols in a slot are different, and different slots have the same content, one OCC element is applied on one slot. In OCC across symbols, the symbols in a slot are the same, different slots have different contents, different OCC elements are applied on the symbols in a slot.
In this method, the repetition is in symbol level so that the phase error due to frequency offset would be quite small in different symbols, then the channel information among different OCC elements, i.e. symbols, has much smaller gap than OCC across slots. In short, OCC across symbols would have higher spec impact but the tolerance to frequency offset is high.
Observation 2: OCC across symbols requires significant change on the legacy resource mapping.
Observation 3: OCC across symbols has higher tolerance to frequency offset.
· OCC within symbol
OCC within symbol refers to application of OCC across REs, that is to say, different OCC element can be applied on different REs with the same content, it requires the original data mapping to be further spreading in frequency domain, which is not allowed in current specification. 
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Figure 2. An example of length 2 Pre-DFT OCC
As shown in Figure 2, the pre-DFT OCC procedure is between the modulation module and DFT module, assuming that the OCC length is 2, the allocated frequency domain resource is 1 RB, the modulated symbols will be mapped in half of the frequency domain resources, i.e. 6 REs, then frequency spreading would be performed to repeat the 6 REs into 1 RB, each 6 REs are multiplied with an element of the OCC sequence.
Actually, the pre-DFT OCC is a method of comb-like frequency domain multiplexing, in case of limited frequency resources, the pre-DFT OCC would require the coding rate to be much larger than time domain OCC, since the actual utilized frequency resource is only half of the total frequency resource. Furthermore, the total spectrum resources available to the network will be limited especially in the early phases of NR NTN deployments, but the frequency spreading would probably need more frequency resource when maintaining the reasonable code rate. In addition, the frequency spreading may also have impact on the PAPR since multiple repeated symbols are mapped in the different REs. Frequency spreading also poses higher requirements for transmission power, which is not desirable for NTN UEs.
Observation 4: OCC within symbol may have impact on the required frequency resources, coding rate, PAPR and transmission power.
2.2.2 Evaluation results
In the following, the evaluations are conducted to compare the performance of multiple UEs multiplexing with single UE based on the simulation assumption listed in Appendix. Additionally, the FO and TO of each UE is randomly selected from [-0.1ppm, +0.1ppm] and [-0.94us,+0.94us], respectively. At receiver side, the realistic FO and TO compensation are considered. 
[image: ][image: ]
Figure 3. Performance of OCC mapping methods in VoIP scenario(left) and low data rate scenario(right)
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Figure 4. Aggregated throughput of OCC mapping methods in VoIP scenario(left) and low data rate scenario(right)
It can be observed that:
· In VoIP scenario
· For OCC across slots, at least 2 UEs can be supported without performance degradation @2% BLER.
· For OCC across symbols, at least 4 UEs can be supported without performance degradation @2% BLER.
· In Low data rate scenario
· For OCC across slots, 4 UEs can be supported without performance degradation @10% BLER.
· For OCC across symbols, 4 UEs can be supported without performance degradation @10% BLER.
It can be seen from the results that, although OCC across symbols has higher tolerance than OCC across slots, it’s still feasible to support at least 2 UEs for OCC across slots in VoIP scenario and at least 4 UEs in Low data rate scenario.  Then, given the potential complexity on the spec changes as mentioned in section 2.1, OCC across slots should be considered. 
Observation 5: For OCC across slots, at least 2 UEs in VoIP scenario and at least 4 UEs in Low data rate scenario can be supported without performance degradation.
Proposal 3: Considering the trade-off between performance and specification impact, OCC across slots should be supported.
1. Conclusions
In this contribution, the simulation assumption and OCC design are discussed with following observations and proposals.
Observation 1: OCC across slots can provide the promising gain with limited spec effort and implementation complexity considering the tolerance to frequency offset.
Observation 2: OCC across symbols requires significant change on the legacy resource mapping.
Observation 3: OCC across symbols has higher tolerance to frequency offset.
Observation 4: OCC within symbol may have impact on the required frequency resources, coding rate, PAPR and transmission power.
Observation 5: For OCC across slots, at least 2 UEs in VoIP scenario and at least 4 UEs in Low data rate scenario can be supported without performance degradation.
Proposal 1: To ensure a unified sequence design for NR PUSCH, IoT NPUSCH and NPRACH, the existing sequence for PUCCH format 1 in TS 38.211 can be used as baseline sequence.
Proposal 2: In NR NTN with OCC across slots, the redundancy versions for different repetitions should be kept the same.
Proposal 3: Considering the trade-off between performance and specification impact, OCC across slots should be supported.
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Appendix
A Simulation assumption
	[bookmark: _GoBack]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 with
	14 OS- for OCC across slots including DMRS

	HARQ configuration
	No HARQ

	Channel coding
	LDPC

	TBS
	184 bits for VoIP, 96 bits for Low data rate

	DMRS configuration
	1 port per UE
Double-symbol DMRS

	PRBs
	2 PRBs

	Max repetition number
	20 for VoIP, 32 for low data rate

	OCC length
	2, 4

	OCC sequence
	DFT sequence in Table 6.3.2.6.3-2 in TS38.211

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	TO
	Uniform selection from [-0.94us, 0.94us]

	FO
	Uniform selection from [-0.1 ppm, +0.1 ppm]

	Receiver algorithm
	MMSE

	Channel estimation
	Real channel estimation
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