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[bookmark: _Toc120549591]Introduction
In RAN#102 meeting, the New WID: Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3 [1] was approved, including the following objectives of enhancements for uplink capacity/throughput for IOT-NTN: 
	· Support of Capacity enhancements for uplink
· Study then specify, if beneficial, enhancements to enable multiplexing of multiple UEs (e.g. up to the min of 4 and the maximum allowed by the existing UL and DL signalling) in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH [RAN1, RAN2]
· Multi-tone support for 15 kHz SCS should also be considered.
Note: Impact of impairment shall be taken into account


In this contribution, potential OCC schemes to enhance uplink capacity/throughput for IOT-NTN will be discussed.
Potential OCC schemes to enhance uplink capacity/throughput
For uplink capacity/throughput enhancement for IOT-NTN, the following potential OCC 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)
The potential OCC schemes for NR-NTN and IOT-NTN are similar, since that, the evaluation methodology and results can be reference for each other. However, since NB-IoT and NR are two separate systems, and the resource allocation schemes are different, there is no necessity to have a unified design for the two OCC enhancements. 
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 to NR PUCCH format 4, generates 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 NPUSCH schemes are compared assuming the same tone number allocated to each UE with different allocation pattern.

For multi-tone NPUSCH case as shown in Figure 2, Pre-DFT OCC use less subcarriers in one slot which can bring power boosting gain. And if power boosting is applied, higher modulations and code rates can be used to improve the data rate. But it should be further discussed and considered that, current NPUSCH can also support single tone transmission. If the power boosting is one of the motivations, then it should be compared with the schemes with less subcarriers or even the single tone. 

Based on the above discussion, pre-DFT OCC scheme for NPUSCH transmission with multi tones 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: _Hlk158315562]Observation 1: 
Pre-DFT OCC scheme in frequency domain can bring additional power boosting gain and improve the throughputs, compared with the legacy multi-tone NPUSCH transmission with same number of subcarriers.

Proposal 1:
Further study pre-DFT OCC in frequency domain for NPUSCH, considering the legacy single/multi-tone NPUSCH transmission with same number of subcarriers as reference case. 

Considering the OCC scheme for NPUSCH and NPRACH. Only multi-tone NPUSCH can support frequency domain OCC. For time domain OCC, it seems that single-tone and multi-tone NPUSCH together with NPRACH can support it(although the performance needs further study). As the WID described, NPUSCH format 1 with single-tone and NPRACH seem have a high priority, so the pre-DFT OCC scheme in frequency domain may have lower priority than the OCC in time domain.

[bookmark: _Hlk158315569]Observation 2: 
Pre-DFT OCC scheme in frequency domain may have lower priority than in time domain.

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 RU), less power boosting gain, which may result in worse performance. 
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: _Hlk158315578]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 RU), less 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 reduce slot-level OCC gain especially when OCC operation spans over a long duration.
As shown in Figure 6, in the current spec, for NPUSCH repetition, RV cycling is supported for NPUSCH format 1 transmission with multiple repetitions in the pattern of [0, 2], which may increase the span duration of OCC operation. For single-tone NPUSCH, the unit for repetition is TB, e.g., the UE would transmit a full TB and then another TB with different RV, and the cycle continues until reach the repetition number. For multi-tone NPUSCH, the unit for repetition are subframe and TB, e.g., the UE would transmit a part of the TB and then repeat it for min(4, N/2) times. after that UE would transmit the new part of the TB, and the cycle continues until the TB is completed. Next the UE would transmit another TB with different RV in the same way. This procedure will repeat several times until reach the configured repetition times N.


[bookmark: _Ref158025341]Figure 6  Example of Slot-level OCC considering RV pattern.
Based on the above discussion, slot-level OCC scheme can be further studied, considering the realistic impairments, e.g. doppler, time variation, phase distortion, etc. The detailed LLS evaluation method can be found in section 3.
[bookmark: _Hlk158315592]Proposal 3: 
Further study slot-level OCC scheme in time domain.
[bookmark: _Ref157948296]LLS evaluation methodology for OCC
The benefits of uplink capacity/Throughput enhancements through Orthogonal Cover Codes needs study. Link level simulations are required to evaluate different OCC schemes, e.g. time domain OCC and frequency domain OCC. And the realistic impairment should be also considered in the evaluations, since the orthogonality of OCC is sensitive to the channel variation in both time domain and frequency domain. And the impairment of the hardware will also impact the performance of OCC. 

The following performance metrics should be considered. 
· BLER or miss-detection rate
· Throughputs
· Maximum supported multiplexed UE number

The OCC enhancements for NPUSCH are to reduce the interference between multiplexed UEs while keeping the per UE data rate and BLER with limited degradation. While for the OCC enhancements for the NPRACH should increase the capability without the performance loss of miss-detection rate. Then the BLER, throughputs and miss-detection rate of NPRACH should be considered as the performance metric for the evaluations. Also, the multiplexed UE number will impact the interference level between UEs. Since if more UEs are multiplexed in the same resources, the more interference will be introduced. Then the maximum supported UE number should be also evaluated. 

[bookmark: _Hlk158309761]Proposal 4: 
At least, the following performance metric should be considered during the evaluation of OCC schemes
· BLER or miss-detection rate
· Throughputs
· Maximum supported multiplexed UE number

As mentioned above, the performance of OCC is sensitive the realistic impairments, e.g. Doppler, time variation, phase distortion. Since it is a multiple UE multiplexing for uplink transmission, it should also consider the power imbalance between the UEs. Though UEs have power control and can be configured with same target received power (P0), the propagation loss could also induce different received power at satellite side. And the different received power among the multiplexed UEs may also impact the BLER and throughputs. 

[bookmark: _Hlk158309768]Proposal 5: 
Whether the imbalance between the multiplexed UEs should be considered in evaluations should be discussed. 

Other evaluation parameters, such as channel model, delay spreads and others can reuse the LLS evaluation parameters in Rel-18 NTN. In the last meeting, both GEO and LEO scenarios are considered. When considering the working scenarios and the required SINRs, the provided CNR of specific NTN, e.g. LEO set 1 and GEO set 2, should be also considered. For the traffic, both small data and voip can be considered. The evaluation assumption of the specific traffic can refer to case in the NR PUSCH capacity enhancements. 

Proposal 6:
When considering the required SINRs, it should further consider the working scenarios and the provided CNR, e.g. LEO set 1 and GEO set 2.

Proposal 7:
Both small data rate and VoIP traffic can be considered in the evaluation. 

In the last meeting, DMRS configurations for NPUSCH format 1 was discussed, and the following agreement was made.
	Agreement
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers at least the following for further study:
· TDM of DMRS. The time domain locations of DMRS for different UEs are different. No OCC is applied for the DMRS of different UEs. 
· FFS: Detailed mapping 
· CDM of DMRS. The time domain locations of DMRS for different UEs are the same. Different OCCs are applied for the DMRS of different UEs. 
· FFS: Detailed mapping
· Other schemes are not precluded, including combinations of the above



TDMed DMRS let each location of DMRS only have one DMRS from one of OCC UEs, which avoid inference between DMRS from different UEs. The disadvantage of this scheme is that time interval of two DMRSs from one UE become N times larger than the legacy, where N represent OCC length. This change also requires UE to change its behavior of DMRS transmission. For the CDMed DMRS, more evaluation is needed to judge whether orthogonality in this case can be prevent.

Observation 4: 
The performance of TDMed and CDMed DMRS need further study.

For the multi-tone UEs, whether current DMRS can support OCC should also be discussed. In current spec, cyclic shift is supported for multi-tone DMRS.
	





The cyclic shift  for  and  is derived from higher layer parameters threeTone-CyclicShift and sixTone-CyclicShift, respectively, as defined in Table 10.1.4.1.2-3. For , if npusch-CyclicShift in PUR-Config-NB is configured for NPUSCH (re)transmission corresponding to preconfigured uplink resource it provides the value of  and the cyclic shift  in a slot  is given as , otherwise .

Table 10.1.4.1.2-3: Definition of  
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	sixTone-CyclicShift
	


	0
	

	0
	


	1
	

	1
	


	2
	

	2
	


	
	
	3
	







	NPUSCH-Config-NB information element
-- ASN1START

NPUSCH-ConfigCommon-NB-r13 ::=		SEQUENCE {
	ack-NACK-NumRepetitions-Msg4-r13	SEQUENCE (SIZE(1.. maxNPRACH-Resources-NB-r13)) OF
														ACK-NACK-NumRepetitions-NB-r13,
	srs-SubframeConfig-r13				ENUMERATED {
											sc0, sc1, sc2, sc3, sc4, sc5, sc6, sc7,
											sc8, sc9, sc10, sc11, sc12, sc13, sc14, sc15
											}							OPTIONAL,	-- Need OR
	dmrs-Config-r13						SEQUENCE {
		threeTone-BaseSequence-r13			INTEGER (0..12)			OPTIONAL,	-- Need OP
		threeTone-CyclicShift-r13			INTEGER (0..2),
		sixTone-BaseSequence-r13			INTEGER (0..14)			OPTIONAL,	-- Need OP
		sixTone-CyclicShift-r13				INTEGER (0..3),
		twelveTone-BaseSequence-r13			INTEGER (0..30)			OPTIONAL	-- Need OP
	}		OPTIONAL,	-- Need OR
	ul-ReferenceSignalsNPUSCH-r13		UL-ReferenceSignalsNPUSCH-NB-r13
}




This cyclic shift can help eNB to divide different DMRS from different UEs. However, current configuration is a cell common configuration. All UEs in the cell will share the same values. In this case, the NPUSCH OCC cannot used since the eNB cannot distinguish the DMRS from different UE. In the current spec, the cyclic shift of the twelve tone NPUSCH is set to 0 unless it is configured in the PUR-Config-NB. Before supporting the NPUSCH OCC multiplexing, the orthogonal DMRSs for multiplexed UEs in the same cell should be supported. 

In the last meeting, the enhancement of DMRS for single tone NPUSCH was discussed. Potential solutions were listed. One way is to support a unified solution for DMRS enhancement for both single tone and multiple tone NPUSCH. Another way is adopting different solutions for single tone and multiple tone NPUSCH separately. 

Proposal 8:
It should discuss the DMRS enhancement to support multiple UE multiplexing for multi-tone NPUSCH.

Proposal 9:
It should be discussed whether a unified DMRS enhancements applied to both single tone and multiple tone NPUSCH DMRS or separate enhancements should be supported.


Conclusions
In this contribution, we discussed potential OCC schemes to enhance uplink capacity/throughput for IoT-NTN, and the following proposals are made.

Observation 1: 
Pre-DFT OCC scheme in frequency domain can bring additional power boosting gain and improve the throughputs, compared with the legacy multi-tone NPUSCH transmission with same number of subcarriers.

Observation 2: 
Pre-DFT OCC scheme in frequency domain may have lower priority than in time domain.

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 RU), less power boosting gain, which may result in worse performance.

Observation 4: 
The performance of TDMed and CDMed DMRS need further study.


Proposal 1:
Further study pre-DFT OCC in frequency domain for NPUSCH, considering the legacy single/multi-tone NPUSCH transmission with same number of subcarriers as reference case. 

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

Proposal 3: 
Further study slot-level OCC scheme in time domain.

Proposal 4: 
At least, the following performance metric should be considered during the evaluation of OCC schemes
· BLER or miss-detection rate
· Throughputs
· Maximum supported multiplexed UE number

Proposal 5: 
Whether the imbalance between the multiplexed UEs should be considered in evaluations should be discussed. 

Proposal 6:
When considering the required SINRs, it should further consider the working scenarios and the provided CNR, e.g. LEO set 1 and GEO set 2.

Proposal 7:
Both small data rate and VoIP traffic can be considered in the evaluation. 

Proposal 8:
It should discuss the DMRS enhancement to support multiple UE multiplexing for multi-tone NPUSCH.

Proposal 9:
It should be discussed whether a unified DMRS enhancements applied to both single tone and multiple tone NPUSCH DMRS or separate enhancements should be supported.
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