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1 Introduction

This is the second FLS for the IoT-NTN work item. The goal of this FLS is to prepare for offline / online discussions on Thursday 18 April. The issues that are discussed are:

· Choice / prioritisation of single-tone and multi-tone for OCC

· Choice between support of 15kHz SCS, 3.75kHz SCS or both for single-tone

· Whether we are going to support different schemes (slot level vs symbol level) for different SCS / tone numbers

· DMRS: goal to clarify what schemes are being proposed

· Clarification of uniformly random distribution of frequency error in evaluations for NPUSCH format 1 

Updated text is marked [FL2T]. Updated questions are marked [FL2Q].
Delegates who are just interested in what is going to be discussed in the Thursday offline session can go directly to section 7.
Note: some of the latter responses to the draft FLS#1 were not reflected in R1-2403560. FL has tried to copy those latter responses into this FLS2.

Main Introduction

This document is the Feature Lead Summary document for the Rel-19 IoT-NTN work item [1].

At this initial stage of the work, the goal is to have an “Study the benefit and identify the options for usage of OCC on NPUSCH and NPRACH”, as stated in the workplan [2]. 

This FLS contains a set of proposals, which can hopefully be addressed in online meeting time at some stage. The document also contains a set of questions. These questions are intended for the purpose of sharing company views. If there is enough agreement, it might be possible to generate proposals.

NPUSCH

The following issues are discussed for NPUSCH:

· Time and frequency domain OCC. How to apply OCC to single tone and multi tone NPUSCH. Whether RAN1 should focus on single tone transmissions.

· Signalling and configuration. Should UEs support multiple OCC schemes and the eNB can select one of the supported schemes?

· OCC sequence design and length. What is the maximum length of the OCC sequence?

· Compatibility with other features. Should OCC work with EDT, PUR etc?

· Updated Evaluation assumptions. Some minor corrections to the evaluation assumptions agreed in RAN1#116 need to be considered.

NPRACH

The following issues are discussed for NPRACH:

· NPRACH OCC schemes. How OCC could potentially be applied to NPRACH, starting from the existing NPRACH structure.

· NPRACH formats. Which NPRACH formats can use OCC? Should RAN1 consider OCC for NPRACH at all?

· RAR. What changes need to be made to RAR when multiple UEs are multiplexed onto the same PRACH resource?

· Evaluation assumptions. Ideally, these would be compatible with the assumptions for NPUSCH.

Follow the naming convention in this example:

· IoTNTNFLS1-v000.docx
· IoTNTNFLS1-v001-CompanyA.docx
· IoTNTNFLS1-v002-CompanyA-CompanyB.docx
· IoTNTNFLS1-v003-CompanyB-CompanyC.docx
If needed, you may “lock” a discussion document for 30 minutes by creating a checkout file, as in this example:

· Assume CompanyC wants to update IoTNTNFLS1-v002-CompanyA-CompanyB.docx.

· CompanyC uploads an empty file named IoTNTNFLS1-v003-CompanyB-CompanyC.checkout.
· CompanyC checks that no one else has created a checkout file simultaneously, and if there is a collision, CompanyC tries to coordinate with the company who made the other checkout (see, e.g., contact list below).

· CompanyC then has 30 minutes to upload IoTNTNFLS1-v003-CompanyB-CompanyC.docx.
· If no update is uploaded in 30 minutes, other companies can ignore the checkout file.

In file names, please use the hyphen character (not the underline character) and include ‘v’ in front of the version number, as in the examples above and in line with the general recommendation, otherwise the sorting of the files will be messed up (which can only be fixed by the RAN1 secretary).
To avoid excessive email load on the RAN1 email reflector, please note that there is NO need to send an info email to the reflector just to inform that you have uploaded a new version of this document. Companies are invited to enter the contact info in the table below.

Issues for which comments are invited in this FLS are labelled with [FL1].

The table below provides a list of points of contact within companies for this WI. Contact details from RAN1#116 Athens use a blue font. Please feel free to update your contact details and convert into a black font.

[FL1] Please consider entering contact info below for the points of contact for this email discussion.
	Company
	Point(s) of contact
	Email address(es)

	SONY
	Martin Beale
	martin.beale@sony.com

	Ericsson
	Gerardo Agni Medina Acosta
	gerardo.agni.medina.acosta@ericsson.com

	Lenovo
	Zhi Yan
	yanzhi1@lenovo.com

	LGE
	Daesung Hwang

Seungmin Lee

Hanjun Park
	daesung.hwang@lge.com

edison.lee@lge.com

hanjun0128.park@lge.com

	Gatehouse Satcom
	René Brandborg Sørensen
	rbs@gatehouse.com

	Nokia, NSB
	Jingyuan Sun
	Jingyuan.sun@nokia-sbell.com

	InterDigital, Inc
	Umer Salim
	umer.salim@interdigital.com

	ETRI
	Pansoo Kim
	pskim@etri.re.kr

	vivo
	Zichao Ji

Siqi Liu
	jizichao@vivo.com
liusiqi@vivo.com

	Sharp
	Zhanping Yin
	zyin@sharplabs.com

	Xiaomi
	Xuemei Qiao
	qiaoxuemei@xiaomi.com


2 WID objectives

The IoT-NTN WID [1] has the following objectives:

	· 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

· Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction [RAN2]:

· Msg3 transmission without msg1/RAR

· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete




3 Previous agreements

The following agreements were made in RAN1#116 Athens:

	Agreement#116-IoT-NTN #1
For single-tone NPUSCH format 1 transmissions with both 3.75kHz and 15kHz SCS, the following OCC schemes are considered by RAN1 for further study:

· Time domain OCC where OCC spreads across:

· Symbol-level

· Slot-level 

· Repetition-level

· RV-level

For multi-tone NPUSCH format 1 transmissions, the following OCC schemes are considered by RAN1 for further study:

· Time domain OCC where OCC spreads across:

· Symbol-level

· Slot-level

· Repetition-level

· RV-level

· Intra-symbol pre-DFT spreading OCC 
Agreement#116-IoT-2
The following evaluation assumptions are used for the study of OCC for NPUSCH format 1:

Parameter

value

scenario

orbit

GEO

LEO600

Elevation angle 

12.5 degree

30degree

Channel and impairments

carrier frequency

2GHz

Channel model

NTN-TDL-C

The channels from different UE are independent.

Frequency error

Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.
Timing error

Uniform random selection from [-97Ts, +97Ts] for all UEs

Timing drift 80us/s for LEO600 and 0 for GEO.
Power imbalance

Uniformly distributed between +Pimb and -Pimb for all UEs

Proponent to report the value of Pimb (can be zero) and justification for the chosen value
transmitter 

SCS

3.75KHz and 15KHz

15kHz

Number of tones

Single tone 

Single tone and multi tone up to 12 tones

Waveform

DFT-s-OFDM

Frequency hopping 

w/o frequency hopping

MIMO scheme

SISO

DMRS configuration 

For baseline evaluations:

OS#3 per slot for 3.75kHz

OS#4 per slot for 15kHz

For OCC evaluations:

Up to proponent

For baseline evaluations:

OS#4 per slot for 15kHz

For OCC evaluations:

Up to proponent

Number of resource unit ([image: image2.png]


) 

Up to proponent

Up to proponent

Modulation order [image: image4.png](0..)




Up to proponent

Up to proponent

TBS ([image: image6.png]


)

Up to proponent

Up to proponent

Number of repetitions ([image: image8.png]-



)

Up to proponent

OCC length 

Up to 4

OCC sequence

Up to proponent

Number of UE

Up to 4

Velocity of UE

3km/h

receiver

Receiver algorithm

MMSE

Channel estimation

Real channel estimation

KPI

SNR at 10% BLER

Report for baseline and OCC schemes

Aggregated throughput 

Total throughput of up to 4 UEs multiplexed




The following agreements have been made so far in RAN1#116bis Changsha:

	Agreement
For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:

DMRS configuration 

For baseline evaluations:

OS#4 per slot for 3.75kHz

OS#3 per slot for 15kHz

For OCC evaluations:

Up to proponent

For baseline evaluations:

OS#3 per slot for 15kHz

For OCC evaluations:

Up to proponent

Agreement
At least the following NPRACH OCC schemes are considered by RAN1 for study:

· Intra-symbol group OCC

· Inter-symbol group(s) OCC

· Inter-repetition OCC 

Agreement
The study of OCC for NPRACH does not consider NPRACH format 2.

Agreement
The following evaluation assumptions are used for the study of OCC for NPRACH:
Parameter
value
Scenario
Orbit and elevation angle
GEO at 12.5 degrees; LEO600 at 30 degrees
Channel and impairments
carrier frequency
2GHz
Channel model
NTN-TDL-C

The channels from different UE are independent.
Frequency error
Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.
Timing error
Uniform random selection from [-97Ts, +97Ts] for all UEs

Timing drift 80us/s for LEO600 and 0 for GEO.
Power imbalance
Uniformly distributed between +Pimb and -Pimb for all UEs

Proponent to report the value of Pimb (can be zero) and justification for the chosen value
Transmitter
NPRACH format

1 or 0
MIMO scheme

SISO

Number of repetitions ([image: image10.png]-



)

Up to proponent

OCC length 

Up to proponent

OCC sequence

Up to proponent

Number of UE

Up to proponent

Velocity of UE

3km/h

Total NPRACH time / frequency resource utilisation

To be reported by proponent. 

KPI

Target detection probability
99%
Target false alarm probability
0.1%
SNR operating point
Report SNR where target detection probability and false alarm probability are reached for baseline and OCC schemes
Agreement
OCC multiplexing is not supported between a UE using NPUSCH format 1 with 3.75kHz SCS and another UE using NPUSCH format 1 with 15kHz SCS.

Proposal 4_7_1
For NPUSCH format 1, RAN1 will not consider maximum OCC sequence length greater than 4.




4 NPUSCH

4.1 Overall summary of issues raised in Tdocs

The following is an overall summary of issues raised by companies in input contributions.

· DMRS multiplexing schemes:

· CDM [HW]

· TDM [HW]

· Performs better than CDM [HW]

· Increase number of DMRS symbols to support OCC [LGE]

· Single-tone OCC performance

· RV/rep level OCC gives poor performance [HW]

· Performance loss of rep-level is not significant compared to slot/symbol level [ZTE]

· They seem to show an additional loss of about 0.7dB

· Symbol and slot level OCC give similar performance [HW, ZTE]

· Double aggregated throughput [HW]

· Double aggregated throughput with OCC2 [QC]

· Symbol level studied as slot level and above have too large a CFO issue [QC]

· TDM DMRS gives better performance than CDM DMRS [HW]

· Multi-tone performance

· RV/rep level OCC gives poor performance [HW]

· Performance loss of rep-level is not significant compared to slot/symbol level [ZTE]

· Symbol, slot and N_slot level OCC give similar performance for OCC2 [HW]

· Symbol, slot give similar performance for OCC4 [HW]

· N_slot level degrades for OCC4 [HW]

· More loss for OCC4 than for OCC2 due to more FO error with the longer OCC4 transmission [Xiaomi]

· Higher aggregated throughput with OCC schemes [HW, ZTE]

· Less SNR degradation than for single-tone since the transmissions are shorter [ZTE]

· 3.75kHz and 15kHz OCC multiplexing

· Don’t support: too hard / complicated to separate at eNB [Len]

· Configuration of basic unit length of OCC

· Can be configured by a value X [Len]

· Signalling of OCC sequence

· DCI, semi-static (RRC) or based on C-RNTI

· Types of OCC sequence

· DFT codes [ZTE, Apple]

· From PUCCH format 1 in TS38.211 [ZTE]

· Walsh codes [CATT, Apple]

· We should decide on the length of OCC before deciding on which OCC sequences to use [FL]

· OCC size

· Maximum 4 [Apple]

· NPDCCH signalling would be the bottleneck if we supported more than OCC4 [Apple]

· NPDCCH needs to schedule NPDSCH as well as NPUSCH [Apple]

· Maximum 2 [Ericsson]

· Phase shift is too large for OCC4 [Ericsson]

· 2,4 [Apple]

· Support a limited number of OCC lengths [Nokia]

· Supporting too many OCC lengths would increase complexity [Nokia]

· Views on OCC schemes for NPUSCH

· Symbol level

· More spec impact since we need to redefine PhyCH mapping [ZTE, Apple, QC]

· More resilient to FO and TO [ZTE, QC]

· Increases code rate and this impacts performance [vivo, OPPO, Sharp]

· Especially with OCC4 since there is more repetition [vivo]

· DMRS issues [Apple, Sharp, QC]

· DMRS issues can be resolved by rearranging the symbols applied for DMRS, with DMRS symbols separated by a small gap in a pair and the pairs separated by a larger gap [QC]

· Issues to consider:

· Pull-in range (max phase error that avoids ambiguity) [QC]

· Relative overhead of DMRS [QC]  

· OCC2 for 3.75kHz [Ericsson]

· Slot level

· More spec impact since we need to redefine PhyCH mapping [ZTE]

· More resilient to FO and TO, but not as resilient as symbol level [ZTE]

· Gives acceptable performance [Xiaomi, CATT]

· OCC4 is supported. Even though there is a link level performance loss, there is still an overall throughput gain [CATT]

· Increases code rate and impacts performance [vivo, Sharp]

· Simpler for the implementation (less complexity) [CATT]

· Performance is OK (as simulated for NR NTN) [MTK]

· OCC2 for 15kHz [Ericsson]

· Repetition level

· Lower spec impact [ZTE, Sharp]

· Worse performance due to FO and TO [ZTE]

· Worse performance due to too much time span [Spreadtrum]

· Performance is OK [MTK]

· RV level 

· Worse performance due to FO and TO [ZTE]

· Worse performance due to too much time span [Spreadtrum, Sharp]

· Decoding delay [Apple]

· Intra-symbol pre-DFT

· Significant spec changes [ZTE]

· The multiplexing effect can be achieved by not doing OCC and just allocating a UE with smaller amounts of frequency resource [ZTE]

· Increases code rate [vivo]

· Power boosting gain [vivo]

· But couldn’t the same effect be achieved by allocating fewer subcarriers? [FL, CATT]

· Only consider time-domain schemes [Xiaomi, Nokia, ETRI]

· TD schemes can be applied to multicarrier as well as to single carrier [Xiaomi, Nokia]

· Common design with single-tone schemes [Ericsson]

· Don’t consider multi-carrier schemes [Sharp, MTK]

· If eNB is concerned about capacity, it should be applying single carrier anyway [Sharp]

· Consider single-tone schemes first [Ericsson]

· Intra-symbol post-DFT

· Deprioritise [CMCC]

· Do we support different schemes at the different subcarrier spacings (3.75kHz, 15kHz)?

· Yes [Ericsson]

· Too much phase shift for slot level OCC at 3.75kHz, hence use symbol level at 3.75kH

· Evaluation assumptions

· Small data and VoIP considered in evaluation [CMCC]

· Update NPUSCH evaluation assumptions to account for error in DMRS location [ETRI]

· Power imbalance should be 5.1dB, accounting for the potential pathloss difference in a cell [ETRI]

· Segments

· Consider the effects of UL segments on OCC operation [spreadtrum ,LGE, Nokia, Ericsson]

· There will be loss of phase continuity between segments [spreadtrum, LGE]

· If OCC spans a dropped symbol within a segment gap, the whole segment is dropped, otherwise there will be a loss of orthogonality from a partial OCC unit [Nokia]

· Other features (other than connected mode dynamic grant) with which NPUSCH OCC should work

· IDLE / INACTIVE (including EDT) [Xiaomi]

· Xiaomi are unsure whether OCC applies to these cases in the current WID

· EDT [QC]

· PUR [QC]

· RACH-less EDT (Rel-19) [QC]

· Compatibility and coexistence with legacy UEs [Nokia]

· NPRACH periodicity

· NPUSCH with OCC should fit within NPRACH periodicity [Ericsson]

· Odd NPUSCH scheduling delays [Ericsson]

· NPDCCH should be able to signal odd subframe offset to increase the number of scheduling opportunities for NPUSCH [Ericsson]

4.2 Update on evaluation assumptions

ETRI pointed out an error in the agreed evaluation assumptions from the RAN1#116 Athens meeting: the DMRS symbol locations for NPUSCH are incorrect. 

The current evaluation assumptions include:

	DMRS configuration 
	For baseline evaluations:

OS#3 per slot for 3.75kHz

OS#4 per slot for 15kHz

For OCC evaluations:

Up to proponent


	For baseline evaluations:

OS#4 per slot for 15kHz

For OCC evaluations:

Up to proponent




It is proposed to update this section of the table as:

Proposal 4.2-1

For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:

	DMRS configuration 
	For baseline evaluations:

OS#4 per slot for 3.75kHz

OS#3 per slot for 15kHz

For OCC evaluations:

Up to proponent


	For baseline evaluations:

OS#3 per slot for 15kHz

For OCC evaluations:

Up to proponent




[FL1] Question 4_2_1: Do you support the update to the evaluation assumptions in proposal 4.2-1? Please provide comments, if necessary.

	Company
	Comment

	Qualcomm
	We are OK.

	Ericsson
	OK

	Xiaomi
	Fine. It aligns with the current specification.

	Apple
	OK

	LGE
	OK

	ZTE
	OK

	
	

	CATT
	OK

	Huawei, HiSilicon
	OK


The following issues were additionally raised by companies:

· Small data and VoIP considered in evaluation [CMCC]

· Power imbalance should be 5.1dB, accounting for the potential pathloss difference in a cell [ETRI]

FL view is that the small data and VoIP implications can be handled through the choice of MCS and physical resource that is simulated for NPUSCH format 1 and this can be up to the proponent. It seems from [vivo, OPPO, Sharp] that the code rate that is applied to the NPUSCH will affect the relative performance with and without OCC and proponents should bear this issue in mind.

The power imbalance is included in the evaluation assumptions and proponents can report this. FL feels that we should not be prescriptive about the amount of power imbalance that should be applied and that the amount of power imbalance isn’t affected solely by the pathloss difference in deployment scenario (GEO, LEO), but also on PA tolerance. Hence, we should leave the amount of power imbalance used in evaluations to the proponent.

[FL2T]

The agreed simulation assumptions state:

	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.


In company contributions, FL has the impression that some companies have applied different CFO to different subframes / slots within the transmission of a transport block. The intention with the evaluation assumption on frequency error was that the same frequency error is applied to each subframe of the transport block, since this maps to the reality of how frequency error occurs. It is hence proposed to update the evaluation assumptions according to the following proposal:

Proposal 4_2_2: For the NPUSCH evaluation assumptions, update the frequency error assumption, as follows.
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.

The same frequency error is applied to each subframe of a transport block.


[FL2Q] If you have comments on Proposal 4_2_2, please make them here:

	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


4.3 Time domain OCC

In RAN1#116 Athens, we agreed to consider the following time domain schemes:

· Time domain OCC where OCC spreads across:

· Symbol-level

· Slot-level 

· Repetition-level

· RV-level

There were no suggestions for additional schemes to be considered in this meeting.

The following observations and views on time domain scheme performance were made in input documents:

· Single-tone OCC performance

· RV/rep level OCC gives poor performance [HW]

· Performance loss of rep-level is not significant compared to slot/symbol level [ZTE]

· They seem to show an additional loss of about 0.7dB

· Symbol and slot level OCC give similar performance [HW, ZTE]

· Double aggregated throughput [HW]

· Double aggregated throughput with OCC2 [QC]

· Symbol level studied as slot level and above have too large a CFO issue [QC]

· TDM DMRS gives better performance than CDM DMRS [HW]

· Multi-tone performance

· RV/rep level OCC gives poor performance [HW]

· Performance loss of rep-level is not significant compared to slot/symbol level [ZTE]

· Symbol, slot and N_slot level OCC give similar performance for OCC2 [HW]

· Symbol, slot give similar performance for OCC4 [HW]

· N_slot level degrades for OCC4 [HW]

· More loss for OCC4 than for OCC2 due to more FO error with the longer OCC4 transmission [Xiaomi]

· Higher aggregated throughput with OCC schemes [HW, ZTE]

· Less SNR degradation than for single-tone since the transmissions are shorter [ZTE]

· The following general views on the time domain schemes were made:

Symbol level

· More spec impact since we need to redefine PhyCH mapping [ZTE, Apple, QC]

· More resilient to FO and TO [ZTE, QC]

· Increases code rate and this impacts performance [vivo, OPPO, Sharp]

· Especially with OCC4 since there is more repetition [vivo]

· DMRS issues [Apple, Sharp, QC]

· DMRS issues can be resolved by rearranging the symbols applied for DMRS, with DMRS symbols separated by a small gap in a pair and the pairs separated by a larger gap [QC]

· Issues to consider:

· Pull-in range (max phase error that avoids ambiguity) [QC]

· Relative overhead of DMRS [QC]  

· OCC2 for 3.75kHz [Ericsson]

· Slot level

· More spec impact since we need to redefine PhyCH mapping [ZTE]

· More resilient to FO and TO, but not as resilient as symbol level [ZTE]

· Gives acceptable performance [Xiaomi, CATT]

· OCC4 is supported. Even though there is a link level performance loss, there is still an overall throughput gain [CATT]

· Increases code rate and impacts performance [vivo, Sharp]

· Simpler for the implementation (less complexity) [CATT]

· Performance is OK (as simulated for NR NTN) [MTK]

· OCC2 for 15kHz [Ericsson]

· Repetition level

· Lower spec impact [ZTE, Sharp]

· Worse performance due to FO and TO [ZTE]

· Worse performance due to too much time span [Spreadtrum]

· Performance is OK [MTK]

· RV level 

· Worse performance due to FO and TO [ZTE]

· Worse performance due to too much time span [Spreadtrum, Sharp]

· Decoding delay [Apple]

The list of observations from RAN1#116 Athens still seems to be relevant. It could be further updated that the changes to physical resource mapping for across-symbol OCC would also require changes to DMRS mapping / location.


· Across symbol OCC

· Resilient to timing error since the OCC operation covers a limited timespan

· Resilient to CFO

· Requires new physical resource mapping, including updates to DMRS mapping / location
· Coding rate will be impacted for some TBS and physical resource allocations
· Across slot OCC

· Impacted by timing error

· Coding rate will be impacted for some TBS and physical resource allocations
· Across repetition / RV

· Severely impacted by timing error

· A range of OCC lengths is easily specified, given a sufficient number of repetitions.

[FL1] Question 4_3_1: Do you have any comments on the following observations (red observations are additional to those in RAN1#116 Athens):
· Across symbol OCC

· Resilient to timing error since the OCC operation covers a limited timespan

· Resilient to CFO

· Requires new physical resource mapping, including updates to DMRS mapping / location
· Coding rate will be impacted for some TBS and physical resource allocations
· Across slot OCC

· Impacted by timing error

· Coding rate will be impacted for some TBS and physical resource allocations
· Across repetition / RV

· Severely impacted by timing error

· A range of OCC lengths is easily specified, given a sufficient number of repetitions.

	Company
	Comment

	Qualcomm
	We think across slot OCC will also largely suffer from CFO. Actually the CFO is the limiting factor and not the timing error, in our understanding.

	Ericsson
	In our view, the impact of some of the aspect listed above is different depending on the subcarrier spacing. This because for a 15 kHz SCS the slot duration is 0.5ms, whereas for a 3.75 kHz SCS the slot duration is 2ms. 

	Nokia, NSB
	We think some updated are needed as following:

For Across slot/repetition/RV OCC, also impacted by CFO.

Coding rate impact may only happen for some cases.

	Xiaomi 
	For across slot OCC, we have the following observations:

1. it can also be impact by the CFO. 

2. Besides, for multi-tone with repetitions, if the OCC multiplexing is based on the current resource mapping structure, the coding rate will not be impacted in fact. 

3. For the different SCS for single-tone, we think whether the timing offset and frequency offset could have different impact on the different SCS mainly depends on how to assume the time duration of the TA segmentation. The time duration of each TA segmentation can be configured by the RRC parameters as follows, which is counted as ms. After each segmentation, FO/TA pre-compensation can be performed and the FO/TO can be reset. But, during a TA segmentation, the FO/TO will be accumulated. Since the unit of the TA segmentation is ms, even for small SCS, the performance impact may be also limited, which depends on the assumption of the value of the TA segmentation. The impact should be evaluated. 
npusch-TxDuration-r17


ENUMERATED {ms2, ms4, ms8, ms16, ms32, ms64, ms128, ms256}

For across repetition/RV, we have the following observations:

1. Of course, it will be more impacted by the channel timing-varying than across slot OCC or across slot OCC.

2. It also impacted by the frequency offset.

3. However, whether it is more impacted by the timing error or frequency error than across slots or symbols schemes, actually it also depends on how to assume the TA segmentation in our view. For example, for single-tone with 15kHz SCS, assuming each repetition occupies one RU with 16slots, and the TA segmentation configured by the eNB is 8ms. It means that, for each TA segmentation, the frequency offset and timing offset can be reset, which is only accumulated in each separate TA segmentation, from a initial value. For simulation evaluation, this initial value is uniformed selected in a field as the RAN1#116 meeting’s agreements. So, This bullet is not correct somehow in our view. 
 

	Apple
	Maybe we should have some observations for repetition level. The repetition level OCC scheme is different from RV level OCC for multiple tone transmission, i.e., it’s actual across subframe level OCC. As it’s in the middle of across slot and across RV OCC, the performance impacts could be acceptable and the standard impact is minor.  

	LGE
	For the accurate observations, it seems necessary that the evaluations also consider realistic assumption on the DMRS transmission and its channel estimation. To be specific, DMRSs from different NPUSCH needs to be multiplexed in the evaluation, and the eNB distinguish them and performs channel estimation in the evaluation. Meanwhile, after reviewing the contributions, it seems that only few companies consider realistic assumption on the DMRS multiplexing and channel estimation. Before determining observations, we may need to clarify whether the observations are achieved based on the realistic assumption on the DMRS part as well. 
Alternatively, we can add some note something like “this observation is achieved at least for the case when the DMRS transmission of the target NPUSCH is ensured without interferences from other NPUSCHs”. 
Regarding the UL segments, we can also add some note something like “these observations is achieved with the assumption that NPUSCH transmission is within a single UL segment”. 

	ZTE
	In our view, the terminology should be aligned among companies. From our understanding, one repetition refers to 2 slots (each with 7 symbols) for multi-tone transmission, which is the legacy resource mapping, however, this is called across repetition in our contribution while it’s named by across slot from some other companies. 

In addition, the impact of timing error and CFO on the different OCC schemes varies depending on the number of tone. In current spec, the granularity of repetition for single-tone and multi-tone is transmission block-level and Nslot-level, respectively. In our understanding, at least for repetition of multi-tone, the impact of timing error and CFO is similar to slot OCC. 

Therefore, we need to re-organize the solutions at least for multi-tone
· Across symbol OCC

· Resilient to timing error since the OCC operation covers a limited timespan

· Resilient to CFO

· Requires new physical resource mapping, including updates to DMRS mapping / location
· Coding rate will be impacted for some TBS and physical resource allocations
· Across slot OCC

· Impacted by timing error
· Requires new physical resource mapping
· Coding rate will be impacted for some TBS and physical resource allocations
· Across repetition/N slots
· Impacted by timing error
· A range of OCC lengths is easily specified, given a sufficient number of repetitions.
· Across RV

· Severely impacted by timing error

· A range of OCC lengths is easily specified, given a sufficient number of repetitions.



	
	

	CATT
	For across the symbol OCC case, the resource mapping should be limited to within one slot.

For across repetition, the OCC implementation is varied depending on repetition times, so it will be more complicated. 

	Huawei, HiSilicon
	1. According to our observation, the degradation of BLER is mainly from CFO. Timing error has marginal impact because the TE is much smaller than the CP. So we suggest to replace impacts from TE to CFO for across slot/RV/repetitions. 

2. the enhancement of DMRS should be carried out for all OCC schemes at least for single tone mode. Current DMRS in NBIoT do not support multiple orthogonal ports. However, how to enhancement can be FFS. we do not see the necessity to change the location of DMRS symbol per slot.

3. the coding rate is not specified in spec. Instead, the TBS table should be updated for across symbol and across slot OCC. 

4. for the inter RV/repetition scheme, I think the last bullet is trying to explain it can support multiple OCC length without change of existing resource mapping. If resource mapping can be changed for other OCC scheme, they can achieve similar scheduling flexibility. In addition, the RV cycling might be changed.




Issues that could be considered in RAN1#116bis include:

· Should it be possible to support OCC operation applied between 3.75kHz and 15kHz NPUSCH format 1. In this case, one UE within the OCC paring would use a 3.75kHz NPUSCH and the other UE would use a 15kHz NPUSCH. There seems to be little enthusiasm for this, given the potential interference issues and the specification impact and complexity.

· Should RAN1 consider the possibility of one type of OCC scheme for 3.75kHz and a different type for 15kHz (e.g. symbol level for 3.75kHz and slot level for 15kHz SCS)?

Proposal 4_3_2

OCC multiplexing of 3.75kHz and 15kHz SCS NPUSCH format 1 between UEs is not supported.

[FL1] Please provide comments on proposal 4_3_2 below:

	Company
	Comment

	Qualcomm
	OK

	Ericsson
	OK

	Nokia, NSB
	To make it clear we propose that

OCC multiplexing between NPUSCH format 1 with of 3.75kHz SCS and NPUSCH format 1 with 15kHz SCS NPUSCH format 1 between UEs is not supported.



	Xiaomi
	Fine with Nokia’s version. 

	Apple
	OK.

	LGE
	OK

	vivo
	OK

	ZTE
	OK

	FL_3
	Nokia’s version looks a lot better than my original proposal. Let’s go with it!

	
	

	CATT
	OK

	Huawei, HiSilicon
	Ok

	Spreadtrum
	OK


Proposal 4_3_3

RAN1 considers the possibility that the OCC multiplexing scheme for NPUSCH format 1 for 3.75kHz SCS is different to that for 15kHz SCS.

[FL1] Please provide comments on proposal 4_3_3 below:

	Company
	Comment

	Qualcomm
	We should first decide whether 3.75 kHz or 15kHz are prioritized.

In our view, the 1st priority would be to support OCC for 3.75kHz SCS for the following reason:

· For 15kHz single tone, applying an OCC of 4 will give at best the same performance as 3.75kHz SCS, while achieving the same capacity increase (4x).

· For 15kHz multi-tone, applying an OCC of X will give at best the same performance as reducing the bandwidth allocation by a factor of X.

	Ericsson
	We think RAN1 should decide whether OCC will be supported only for NPUSCH format 1 with 15 kHz SCS, or only 3.75 kHz SCS, or both. If both were to be supported, then RAN1 should aim for a common design.

 

	Nokia, NSB
	If OCC for both 3.75kHz and for 15kHz SCS will be supported, we think it will be good for RAN1 to consider same OCC scheme to reduce the complexity of UE implementation and impact to spec.

	Xiaomi
	A common design between different SCS is more preferred by us.  

	Apple
	If both 3.75kHz and 15kHz SCS are supported, the common design is preferred. 

	LGE
	It is too premature to decide it. 

	vivo
	We prefer a unified design for NPUSCH format 1 between 3.75kHz SCS and 15kHz SCS.

	ZTE
	Not support. We think if both SCSs are needed to enhance capacity, it is better to use same solution to have a unified design.

	
	

	CATT
	A common design is preferred.

	Huawei, HiSilicon
	We support to specify OCC for NPUSCH with both 3.75kHz and 15kHz SCS. A common design between 3.75 and 15 is preferred. 

	HONOR
	A common design is preferred.

	Spreadtrum
	We prefer common design.

	Lenovo
	Common design is preferred.


4.4 Frequency domain OCC schemes

In RAN1#116 Athens, the following agreements was made:

For multi-tone NPUSCH format 1 transmissions, the following OCC schemes are considered by RAN1 for further study:

· Time domain OCC where OCC spreads across:

· Symbol-level

· Slot-level

· Repetition-level

· RV-level

· Intra-symbol pre-DFT spreading OCC 
Issues related to the time-domain schemes are considered above (on time domain OCC schemes). This section just considers the intra-symbol pre-DFT spreading aspect of OCC multiplexing in the frequency domain.

The following views were expressed:

· Intra-symbol pre-DFT

· Significant spec changes [ZTE]

· The multiplexing effect can be achieved by not doing OCC and just allocating a UE with smaller amounts of frequency resource [ZTE]

· Increases code rate [vivo]

· Power boosting gain [vivo]

· But couldn’t the same effect be achieved by allocating fewer subcarriers? [FL, CATT]

· Only consider time-domain schemes [Xiaomi, Nokia, ETRI]

· TD schemes can be applied to multicarrier as well as to single carrier [Xiaomi, Nokia]

· Common design with single-tone schemes [Ericsson]

· Don’t consider multi-carrier schemes [Sharp, MTK]

· If eNB is concerned about capacity, it should be applying single carrier anyway [Sharp]

· Consider single-tone schemes first [Ericsson]

Given the workload, the TU allocation and the observation that capacity for multi-tone transmission could be enhanced by the scheduler scheduling single-tone instead of multi-tone without specification change, FL suggests that we deprioritise consideration of multitone schemes. We would hence de-prioritise intra-symbol pre-DFT spreading OCC.

Proposal 4_4_1

For NPUSCH format 1, RAN1 prioritises single-tone schemes over multi-tones schemes.

[FL1] Please provide comments on proposal 4_4_1 below, including whether or not you support the proposal:

	Company
	Comment

	Qualcomm
	Agree

	Ericsson
	Ok.

	Nokia, NSB
	We think common solution for single-tone and multi-tone scheme should be considered but not just agree prioritized scheme for single-tone and multi-tone separately.

	Xiaomi
	For across slots-based OCC spreading, multi-tone is easy to specify based on the current resource mapping structure without any further modifications if up to 4 UE multiplexing together is supported. So, we can’t understand why prioritise single-tone schemes over multi-tones schemes.  

	Apple
	Both the single tone and multi-tone should be considered. The repetition pattern was already defined multi-tone transmission, it’s easier to apply the time domain OCC.

	LGE
	We share similar view with Xiaomi. 

	vivo
	Support.

	ZTE
	No, we don’t need prioritization at current stage, we think single-tone and multi-tone transmission both have capacity issues since IoT voice service requires multi-tone transmission, both should be enhanced.

	FL_3
	I think that we are not going to agree on this now. Maybe companies can further evaluate the gain of multi-tone OCC over single-tone OCC in the future.

	
	

	CATT
	Reducing standardization efforts is preferred, so we support multi-tone case can be prioritized because it will reuse the NR OCC design.

	Huawei, HiSilicon
	Support of OCC for NPUSCH with multi tone is a low hanging fruit if they share the same OCC scheme. No need to deprioritize it before we make down selection of OCC schemes.

	HONOR
	No, we think prioritization is not needed at now.

	Lenovo
	We think the single tone and multiple tone have the same priority as noted in WID, and common design should be preferred.


[FL2T]

From offline discussions, companies would like to progress the issue of prioritisation between single-tone and multi-tone.
· The WID objective states:

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

The objective is that multi-tone support for 15kHz should be considered. The baseline is that single-tone is worked on.
The drawback of supporting multi-tone is the amount of work that will be required, given the limited TU allocated to IoT-NTN. The extra work could include:
· Consideration of frequency domain OCC schemes in addition to supporting time-domain schemes. Note that time-domain schemes need to be supported anyway for the single-tone case.

· For time-domain multi-tone, we are going to have to consider physical channel mapping, changes to RU sizes, DMRS schemes etc. This will entail extra work.

· Consideration of OCC multiplexing of UEs with different numbers of subcarriers

The potential benefits of multi-tone are:

· There are views that it could be supported with minimal differences to single-tone.

· Multi-tone could be used for VoIP services. Is VoIP supported for NB-IoT anyway? Does the IoT-NTN link budget support VoIP data rates?

There is the view that: if the network wants to enhance capacity, it would first enhance that capacity by using single-tone (more UEs can be multiplexed in the given physical resource) and only after that would it want to do OCC multiplexing. Hence, it is natural that OCC multiplexing should be applied to single-tone.
FL would like to discuss the following proposal:

Proposal 4_4_1

For NPUSCH format 1, RAN1 prioritises single-tone schemes over multi-tones schemes.

We could alternatively consider:

Proposal 4_4_2

For NPUSCH format 1, RAN1 prioritises time-domain schemes over frequency domain schemes.

[FL2Q] If you have comments on the above proposals, please make them here:

	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


[FL2T]

If we support OCC for NPUSCH format 1 with different SCS (e.g. supported for both 3.75kHz SCS and 15kHz SCS), or with different numbers of tones, we would need to decide whether or not we support different OCC schemes (e.g. symbol level for 3.75kHz and slot level for 15kHz). It would seem that if a scheme worked for 3.75kHz, it would also work for 15kHz SCS. We would need a good reason (significantly improved performance??) to support different schemes at different SCS. Hence, it is proposed:
Proposal 4_4_3

If OCC of NPUSCH format 1 is supported for both 3.757kHz SCS and 15kHz SCS, RAN1 strives to apply the same OCC scheme for both SCS.

[FL2Q] If you have comments on the above proposals, please make them here:

	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


4.5 Signalling and configuration

The following issues related to configuration and signalling of OCC were considered:

· Configuration of basic unit length of OCC

· Can be configured by a value X [Len]

· Signalling of OCC sequence

· DCI, semi-static (RRC) or based on C-RNTI

As per the suggestion for RAN1#116 Athens, it is suggested that signalling of the OCC sequence is considered in future meetings.

The issue raised by Lenovo on configuration raises the point about whether RAN1 will specify multiple types of OCC scheme (symbol-level, slot-level, repetition-level, RV-level), the UE would have to implement those multiple schemes (subject to UE capability) and the eNB would be able to configure one of the schemes. This would seem to increase RAN1 workload (as we would have to specify multiple schemes) and would create fragmentation in the marketplace. 

[FL1] Question 4_5_1: Should RAN1 choose a single OCC scheme for NPUSCH format 1, or should multiple schemes be specified with the supported scheme being signalled in UE capability?
	Company
	Comment

	Qualcomm
	Needs further discussion.

	Ericsson
	To minimize the specification impact, it is preferred to support only 1 OCC scheme.

	Nokia, NSB
	Preferred to have common solution, considering less complexity.

	Xiaomi
	The details about the signalling and configuration can be discussed during standardization phase if OCC multiplexing for NPUSCH format 1 is supported after justification. 

	Apple
	We strive for single OCC Scheme, the signalling aspect can be discussed later after the OCC scheme is clear. 

	vivo
	Open to discuss. These OCC schemes should be further discussed and analysed and down-selection could be done in future meeting. 

	ZTE
	In our view, to avoid complex designs, a single OCC scheme should be supported.

	FL_3
	I get the impression that we will end up with a single scheme in the end, but it seems too early to decide on that right now. I suspect we would need an impelling reason to support more than one scheme. 

	
	

	CATT
	One single scheme is preferred

	Huawei, HiSilicon
	Single scheme is preferred, but it can be discussed later.

	HONOR
	Single OCC scheme is preferred.

	Lenovo
	Single scheme is preferred, but it depends on companies’ views


4.6 UL segments

The following issues on UL segments were considered by companies:

· Segments

· Consider the effects of UL segments on OCC operation [spreadtrum ,LGE, Nokia, Ericsson]

· There will be loss of phase continuity between segments [spreadtrum, LGE]

· If OCC spans a dropped symbol within a segment gap, the whole segment is dropped, otherwise there will be a loss of orthogonality from a partial OCC unit [Nokia]

At RAN1#116 Athens, companies preferred to decide on the basic scheme before considering UL segments. FL considers that this is still the situation. Hence, FL suggests that we consider issues related to UL segments in a future meeting.

4.7 OCC Sequence design and length

The following views on OCC sequence and length were considered in company contributions:

· Types of OCC sequence

· DFT codes [ZTE, Apple]

· From PUCCH format 1 in TS38.211 [ZTE]

· Walsh codes [CATT, Apple]

· We should decide on the length of OCC before deciding on which OCC sequences to use [FL]

· OCC size

· Maximum 4 [Apple]

· NPDCCH signalling would be the bottleneck if we supported more than OCC4 [Apple]

· NPDCCH needs to schedule NPDSCH as well as NPUSCH [Apple]

· Maximum 2 [Ericsson]

· Phase shift is too large for OCC4 [Ericsson]

· 2,4 [Apple]

· Support a limited number of OCC lengths [Nokia]

· Supporting too many OCC lengths would increase complexity [Nokia]

Compared to RAN1#116 Athens, new sequence types were not suggested. In RAN1#116 Athens, companies preferred to consider the basic OCC scheme before considering the OCC sequence. This position would seem to be unchanged. Hence, FL proposes that OCC sequence design is considered after the basic OCC scheme has been decided.

The maximum OCC length proposed for NPUSCH format 1 was 4. Companies also supported a maximum sequence length of 4 in RAN1#116 Athens. Hence, FL makes the following proposal:

Proposal 4_7_1

For NPUSCH format 1, the maximum OCC sequence length is not greater than 4.

[FL1] Please provide comments on proposal 4_7_1 below, including whether or not you support the proposal:

	Company
	Comment

	Ericsson
	There are several aspects in the technical specification that should be considered when dimensioning the upper limit of this enhancement. For example, there are Transports Blocks requiring more than one RU to be transmitted (e.g., up 10 RUs), repetitions, potential excess of NPUSCH postponement due to a gap, pairing aspects (i.e., the complexity of finding UEs with similar conditions as to be paired together), DL bottleneck. Thus, a short sequence length is preferred (e.g., an OCC sequence length 2).

	Nokia, NSB
	OK

	Xiaomi
	We are fine with this limitation to reduce the workload both for study and for the standardizations work due to the limited time. 

	Apple
	OK.

	LGE
	In our view, the important thing is the number of OCC sequences (or, multiplexing capacity) rather than OCC length. Depending on the OCC length, for instance, in case of symbol-level OCC, among 14 OS, there would be 4 DMRS symbols. Then, the remaining 10 OS will apply OCC sequence. To support the multiplexing capacity of 4, OCC with length 5 needs to be applied. If the maximum OCC length is 4, then the maximum multiplexing capacity would be 3 since some OCC sequence would have length 3 to cover the remaining 10 data OS. 
So, we’d like to focus on the maximum number of OCC sequences. 
“For NPUSCH format 1, the maximum number of OCC sequences is not greater than 4.”

	vivo
	Support. Furthermore, the existing Walsh code or DFT code with length 4 or 2 in current NR specification could be considered and no new OCC sequence is unnecessary to be introduced. 

	ZTE
	OK, clarify that the OCC sequence length can be 2,4.

	
	

	CATT
	OK

	Huawei, HiSilicon
	OK

	HONOR
	Ok 


[FL2T]

In the online session, we discussed the following proposal that will be discussed in the comeback session on Thursday:

Proposal 4_7_1_comeback
For NPUSCH format 1, RAN1 will not consider maximum OCC sequence length greater than 4.

The WID says the following:

	· 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]




For the sake of discussion, FL suggests that the WID hence could be rephrased as “as long DL and UL control signalling is not the bottleneck, the maximum number of multiplexed UEs is 4”. Hence, 4 would be the absolute maximum.

However, it is noted that the WID has the maximum of 4 as an example. RAN1 still needs to decide what the actual maximum is. We have freedom to decide some other number (6, 8, 2, pi,…). There would hence still be value in agreeing / considering proposal 4_7_1: it moves things forward beyond what is stated in the WID.

[FL2Q] If you have comments on Proposal 4_7_1_comeback, please make them here. Do you agree that the proposal would add something that has not already been defined in the WID objectives:

	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


4.8 Compatibility with other features

The following issues on compatibility with other features were considered in company contributions:

· Other features (other than connected mode dynamic grant) with which NPUSCH OCC should work

· IDLE / INACTIVE (including EDT) [Xiaomi]

· Xiaomi are unsure whether OCC applies to these cases in the current WID

· EDT [QC]

· PUR [QC]

· RACH-less EDT (Rel-19) [QC]

· Compatibility and coexistence with legacy UEs [Nokia]

It seems like OCC multiplexing for NPUSCH format 1 should operate with the following schemes:

· Connected mode dynamic grant

· EDT 

· PUR 

· RACH-less EDT (Rel-19) 

OCC multiplexing for NPUSCH format 1 should coexist with legacy UEs.

We should probably decide on the basic OCC multiplexing scheme before considering the features that OCC is going to need to operate with. RAN1 is going to have to consider the compatibility and coexistence with legacy UEs in any case. FL hence proposes that we consider the basic OCC schemes before considering how to apply OCC to the feature list above.

4.9 DMRS

[FL2T]
Companies have considered DMRS schemes. There seem to be two schemes for single-tone:
· TDM. For example, with OCC2, when one UE transmits a DMRS symbol, the other UE does not transmit a DMRS symbol. TDM avoids collision of DMRS symbols between the two UEs.

· CDM. For example, with OCC2, pairs of DMRS symbols for UE1 are have OCC applied with corresponding pairs of DMRS symbols for UE2. Both UEs transmit DMRS at the same time.

[HW R1-2402006] provide a figure that illustrates the two schemes:
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[Qualcomm R1-2403214] also provide a figure of a different mapping of DMRS symbols for the CDM case. 

FL suggests that it would be easier for companies to understand DMRS schemes if figures are provided in future company contributions. 

It would be good to have a common understanding of how to handle DMRS when OCC is applied. Hence, I would like to discuss the following proposal:

Proposal 4_9_1

For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers the following:

· TDM of DMRS. DMRS for different UEs are transmitted in different OFDM symbols. 

· CDM of DMRS. A group of DMRS symbols for a first UE have an OCC applied. A group of DMRS symbols for a second UE have an OCC applied. The first UE and the second UE transmit each transmit their DMRS symbols without DTX.
Note that for OCC2, the “group” of OFDM symbols in the above would be a pair (i.e. 2 DMRS symbols).

[FL2Q] If you have comments on proposal 4_9_1, please make them here:

	Company
	Comment

	FL
	In section 7, Qualcomm proposed to update the proposal. I’ve copied what Qualcomm wrote in section 7 to keep everything together. I think this is a better proposal. Does anyone have further comments on this updated proposal?
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers the following:

· TDM of DMRS. DMRS for different UEs are transmitted in different OFDM symbols. In the OFDM symbols in which one UE transmits DMRS, the other UEs do not transmit anything (DTX). 

· CDM of DMRS. The DMRS for different UEs have an OCC applied. All the UEs transmit DMRS in the same OFDM symbols.
· FFS: Detailed mapping



	ZTE
	We suggest the following:
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers the following:

· TDM of DMRS. The time domain locations of DMRS for different UEs are different. No OCC is applied for the DMRS of different UEs. In the OFDM symbols in which one UE transmits DMRS, the other UEs do not transmit anything (DTX). 

· 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. All the UEs transmit DMRS in the same OFDM symbols.
· FFS: Detailed mapping


	FL
	I have checked with some other interested companies and they are happy with the update from ZTE. We could hence go with:

For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers the following:

· 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



	
	

	
	

	
	

	
	

	
	

	
	


5 NPRACH

5.1 Overall summary of issues raised in Tdocs

The following is an overall summary of issues raised by companies in input contributions.

NPRACH

· NPRACH evaluation assumptions [ZTE, CMCC]

· TO is less than 2.6us [ZTE]

· I think this is OK as the UE can do precompensation via the ephemeris

· FO is less than 0.1ppm [ZTE]

· ZTE seem to think that the ephemeris will help to reduce the FO. That sounds unlikely. I would have thought it was based on the UE oscillator accuracy

· Companies proposing NPRACH simulation assumptions:

· ZTE, CMCC, QC

· Schemes:

· Symbol level [ZTE, CMCC, Apple, QC]

· Affects the CP – problematical [Xiaomi, Apple, Sharp]

· Requires additional CPs associated with symbols in NPRACH symbol group [Apple]

· Improved coexistence with legacy NPRACH [ETRI]

· Minimal performance degradation [QC]

· Across symbol groups with 22.5kHz jumps [ZTE]

· Not applied to the 3.75kHz jumps as they are used for FO and TO estimation using “differential operation” [ZTE]

· Across symbol groups [spreadtrum, CMCC, Xiaomi, Apple, Sharp]

· Less complex than symbol level [Apple]

· Performance impact [QC]

· Across repetitions [IDC, CMCC, Sharp]

· Too much time span [spreadtrum, xiaomi]

· Joint schemes

· Increases multiplexing flexibility [Sharp]

· NPRACH formats to study:

· Format 1: Spreadtrum

· Decide whether both format 0 and format 1 will be supported [Ericsson]

· Do not support NPRACH OCC

· Not bottleneck [vivo, CATT, HW]

· Too much spec impact [vivo, CATT, HW]

· Performance degradation [HW]

· Configuration of basic unit length of OCC

· Can be configured by a value X [Len]

· This would mean that the standard would have to specify how the multiple different approaches would work and then the network would have to configure one of them 

· Synchronisation accuracy

· Tighten synchronisation accuracy requirements should be tightened to allow OCC [NEC]

· Codebook index hopping [NEC]

· Issue should be studied, as it was for NR PUCCH [NEC]

· Partitioning [NEC]

· Will OCC support NPRACH partitioning to indicate single-tone / multi-tone Msg3?

· Separate NPRACH resource space for OCC [Apple]

· Try to support legacy UEs and OCC UEs in the same resource [QC]

· Selection probability of anchor vs non-anchor carrier [NEC]

· Needs enhancement [NEC]

· RAR / RAPID impact

· Will have to account for OCC used [LGE]

· Separate RA-RNTI for OCC since legacy UEs will not understand the RAPID [LGE]

· Scheme compatibility. OCC for NPRACH should work with the following features:

· Initial access

· EDT

· PDCCH order

· Connected mode CBRA

5.2 NPRACH OCC schemes

The following issues related to NPRACH OCC schemes (and observations on those schemes) were considered in input contribution to RAN1#116bis:

· Symbol level [ZTE, CMCC, Apple, QC]

· Affects the CP – problematical [Xiaomi, Apple, Sharp]

· Requires additional CPs associated with symbols in NPRACH symbol group [Apple]

· Improved coexistence with legacy NPRACH [ETRI]

· Minimal performance degradation [QC]

· Across symbol groups with 22.5kHz jumps [ZTE]

· Not applied to the 3.75kHz jumps as they are used for FO and TO estimation using “differential operation” [ZTE]

· Across symbol groups [spreadtrum, CMCC, Xiaomi, Apple, Sharp]

· Less complex than symbol level [Apple]

· Performance impact [QC]

· Across repetitions [IDC, CMCC, Sharp]

· Too much time span [spreadtrum, xiaomi]

· Joint schemes

· Increases multiplexing flexibility [Sharp]

The following types of OCC scheme were identified for NPRACH by various companies:

· Intra-symbol group OCC 

· OCC is applied to the 5 symbols of the OCC symbol group. 
· Inter-symbol group OCC 

· OCC is applied to the 4 symbol groups of the NPRACH repetition

· Inter-repetition group 

· OCC is applied to the different repetitions within the NPRACH

The above schemes have variants and details. For example, for inter-symbol group the OCC can occur between pairs of symbol groups across large frequency hops, but not apply when there are small frequency hops between symbol groups. At this stage, it is proposed that RAN1 further consider these schemes, including their benefits and drawbacks.

Proposal 5_2-1

The following NPRACH OCC schemes are considered by RAN1:

· Intra-symbol group OCC

· Inter-symbol group OCC

· Inter-repetition group OCC 

Based on the offline session on Monday at 1700, the proposal is updated to v2 below. There were concerns that other OCC schemes could be considered in addition to the ones identified here. “for study” was added at the end to clarify that these are the schemes that will be studied. Just because we are studying these schemes, it doesn’t mean that we are going to specify these schemes. Indeed, it is likely that a maximum of one scheme would be specified (if beneficial), but this will be open for further discussion in future meetings.

Proposal 5_2-1v2

At least the following NPRACH OCC schemes are considered by RAN1 for study:

· Intra-symbol group OCC

· Inter-symbol group OCC

· Inter-repetition group OCC 

[FL1] Question 5_2_1: Please provide comments on proposal 5_2_1v2. Potential issues are:

· Is other terminology preferable (e.g. intra-slot, inter-slot etc)?

· Should other schemes be added (or can they be considered as a further level of detail to the listed schemes)?

	Company
	Comment

	Qualcomm
	OK

	Ericsson
	We prefer to prioritize NPUSCH Format 1, since within its scope there are several decisions to be taken (e.g., 15 kHz SCS only, 3.75 kHz SCS only, or both, and also single-tone only, or both single-tone and multi-tone). 

	Nokia, NSB
	OK

	FL_2
	Comments above relate to the earlier proposal

	Xiaomi
	We prefer to study the inter-symbol group OCC and inter-repetition group OCC, which is just based on the current channel structure without any change. If intra-symbol group OCC is supported, how to design a new channel structure caused by the CP should be further considered. We don’t think it is a reasonable behaviour to change the PRACH channel structure during the Rel-19 phase. It may be too late…

	NEC
	Current terminolgy is fine. 

Maybe inter-symbol group cluster OCC could be considered by RAN1 for study?

	Apple
	OK

	LGE
	OK

	vivo
	fine

	ZTE
	OK with the options. In our understanding, for the inter-symbol group OCC, OCC pattern should ensure that adjacent symbol groups can be used for TO and FO estimation.

	FL_3
	NEC> I think that “inter-symbol group cluster OCC” would be a subset of “inter symbol group” OCC. I’m not clear what “cluster” refers to and I couldn’t find it in your Tdoc. It would be great if you could clarify what you mean.

ZTE> I think that you have a valid point. I think this relates to proposal 6 in your Tdoc R1-2402625. I think that at this stage we are just listing the schemes that could be used. I think that companies can report the TO and FO accuracy of their schemes in their evaluation results. We could maybe mention that companies should report the TO / FO estimation accuracy impacts in the “evaluation assumptions” section.

	
	

	CATT
	NPRACH study is not desired since it is a bit complicated and the performance gain is not guaranteed. 

	Huawei, HiSilicon
	For intra symbol group OCC, we hope proponent can clarify how the CP is added.

For inter symbol group/repetition OCC, whether the phase continuity can be maintained and how to estimate TA across FH should be discussed together.



	Spreadtrum
	OK

	
	


5.3 NPRACH formats

In input contributions, companies considered the NPRACH formats that should be studied:

· NPRACH formats to study:

· Format 1: Spreadtrum

· Decide whether both format 0 and format 1 will be supported [Ericsson]

At RAN1#116 Athens, there was widespread agreements from companies that, if OCC is applied to NPRACH at all, it should be applies to NPRACH format 1.

Proposal 5_3_1: OCC for NPRACH format 1 is studied.

[FL1] Question 5_3_1: Please provide comments on proposal 5_3_1.

	Company
	Comment

	Qualcomm
	OK

	Ericsson
	See previous comment

	Nokia, NSB
	OK

	Xiaomi
	Both format 0 and format 1 can be studied. 

	Appel
	Share the same view as Xiaomi

	LGE
	OK

	vivo
	OK

	ZTE
	Both format 0 and format 1 can be studied. 

	FL_3
	Several companies want to study NPRACH format 0 in addition to NPRACH format 1.
I think it would be good to have some common reference for what we are going to study, so that companies’ evaluations are bounded. In the offline session, we seemed to be OK to have NPRACH format 1 and 0 in the evaluation assumptions, so it would be consistent to include format 0 in this proposal.

My view is that studying something for one format doesn’t preclude that thing to be applied to the other format in a normative phase. I think the study is about benefits and feasibility rather than determining what specific scheme would be defined in a normative phase.

I suggest we have this for the online session:

The study of OCC for NPRACH considers NPRACH format 1 and NPRACH format 0.

 

	
	

	Spreadtrum
	OK


5.4 Whether OCC should apply to NPRACH

In input contributions, companies considered whether OCC should be applied to NPRACH or not:

· Do not support NPRACH OCC

· Not bottleneck [vivo, CATT, HW]

· Too much spec impact [vivo, CATT, HW]

· Performance degradation [HW]

Some companies considered that NPRACH was not a capacity bottleneck (it is used much less frequently than NPUSCH). Applying OCC to NPRACH may have a large spec impact and there might be a performance degradation when applying OCC to NPRACH (although the amount of degradation would presumably depend on the scheme considered).

[FL1] Question 5_4_1: Should RAN1 consider OCC multiplexing for NPRACH? Companies could maybe consider in their answers the potential workload, spec impact, performance impact and whether OCC support for NPRACH has already been decided via the WID objectives. 

	Company
	Comment

	Ericsson
	We “Do not support NPRACH OCC”.

	Nokia, NSB
	Yes. OCC for NPRACH shall be considered by RAN1. NPRACH is clearly mentioned in the WID as an item for study and specification if beneficial.

	Xiaomi
	It can be study at this phase. The decision could be made in the next RAN1 meeting in our mind. 

	Apple
	Whether support NRACH OCC can be decided after the study.

	LGE
	In our understanding, the baseline will be the case when two different UEs use the same starting subcarrier index, which can cause NPRACH collision. Unlike NPUSCH, it is not always possible that different UEs avoid the selection of the same starting subcarrier index for NPRACH transmission. In this point of view, applying OCC to NPRACH is definitely beneficial compared to this baseline. 
If the specification work load is concern, for progress, we are fine with having only one option which is intra-symbol group OCC. 

	vivo
	Considering NPRACH is mentioned in the WID for study, we could study NPRACH OCC and strive to achieve some observation based on analysis or simulation results first. But it does not mean that we need to support OCC for NPRACH

	FL_3
	Companies think that NPRACH study is mandated in the WID. The study can decide whether OCC for NPRACH is beneficial or not.


	ZTE
	Yes, OCC should be supported for NPRACH. In NTN scenario, there will be a large number of UE accessing the cell simultaneously, and OCC multiplexing can reduce the collision probability. Therefore, it is necessary to enhance the NPRACH capacity.

	
	

	CATT
	We don’t support OCC in NPRACH. No clear scheme and gain are justified.

	Huawei, HiSilicon
	We do not support OCC in NPRACH in R19 IoT NTN. the capacity is not bottle neck and the standard efforts are significant. 

	ZTE
	Yes, OCC should be supported for NPRACH. In NTN scenario, there will be a large number of UE accessing the cell simultaneously, and OCC multiplexing can reduce the collision probability. Therefore, it is necessary to enhance the NPRACH capacity.

	HONOR
	Yes, OCC should be supported for NPRACH.

	Lenovo
	Yes, we are open to study the OCC in NPRACH as WID noted.


5.5 RAR and RAPID

The following issues were raised regarding the random access response:

· RAR / RAPID impact

· Will have to account for OCC used [LGE]

· Separate RA-RNTI for OCC since legacy UEs will not understand the RAPID [LGE]

There was general agreement in RAN1#116 Athens that this issue is a valid one and could be considered in future meetings, once progress has been made on the basic NPRACH OCC multiplexing scheme. This would seem to be the status at this meeting too.

5.6 Compatibility with other features

The following issues on compatibility with other features were considered in company contributions:

· Scheme compatibility. OCC for NPRACH should work with the following features: [QC]

· Initial access

· EDT

· PDCCH order

· Connected mode CBRA

· Partitioning [NEC]

· Will OCC support NPRACH partitioning to indicate single-tone / multi-tone Msg3?

· Separate NPRACH resource space for OCC [Apple]

· Try to support legacy UEs and OCC UEs in the same resource [QC]

It seems like OCC multiplexing for NPRACH format 1 should operate with the following schemes:

· Initial access

· EDT

· PDCCH order

· Connected mode CBRA

OCC multiplexing for NPRACH format 1 should coexist with legacy UEs, possibly through PRACH partitioning or natively. FL suggests that these issues can be considered at a future meeting once the basic OCC scheme for NPRACH has been decided.

5.7 Evaluation assumptions

The following contributions considered NPRACH evaluation assumptions:

· NPRACH evaluation assumptions [ZTE, CMCC]

· TO is less than 2.6us [ZTE]

· I think this is OK as the UE can do precompensation via the ephemeris

· FO is less than 0.1ppm [ZTE]

· ZTE seem to think that the ephemeris will help to reduce the FO. That sounds unlikely. I would have thought it was based on the UE oscillator accuracy

· Companies proposing NPRACH simulation assumptions:

· ZTE, CMCC, QC

The evaluation assumptions for NPRACH should probably be as compatible as possible with those the NPUSCH format 1, hence it is proposed to reuse the agreed NPUSCH format 1 evaluation assumptions with minimum changes. The table was updated after the offline session to this (please see the “FL_2” notes in the comments box for a description of the changes between the original table and the one below. The original table is also copied, for reference, in blue at the end of this subsection):

	
	Parameter
	value

	scenario
	Orbit and elevation angle
	GEO at 12.5 degrees; LEO600 at 30 degrees

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C

The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs

Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs

Proponent to report the value of Pimb (can be zero) and justification for the chosen value

	transmitter
	NPRACH format
	1 or 0

	
	MIMO scheme
	SISO

	
	Number of repetitions ([image: image16.png]-



)
	Up to proponent



	
	OCC length 
	Up to proponent

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to proponent

	
	Velocity of UE
	3km/h

	
	Total NPRACH time / frequency resource utilisation
	To be reported by proponent. 



	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

	
	SNR operating point
	Report SNR where target detection probability and false alarm probability are reached for baseline and OCC schemes


[FL1] Question 5_7_1: Please provide comments on parameter values in the table. 
	Company
	Comment

	Qualcomm
	We think the notion of “throughput” is not very clear for the case of NPRACH. We should just report the number of UEs that are assumed. We should also delete “SNR at 10% BLER”.

The row “missed detection probability” should be “detection probability”.

	FL
	Thanks. There were some editing errors there. I have updated the table with red and strikethrough

	FL_2
	Notes from the offline discussion on Monday at 1700:

Timing error of 97us is based on the assumption that NTN pre-compensation has been applied

NPRACH format: format 0 has been added as some companies might like to evaluate this. Format 0 has a smaller cyclic prefix and may be applicable in a pre-compensated NTN link.

Total NPRACH time / frequency resource utilisation refers to the total amount of NPRACH resource being used by both the OCC UEs and legacy UEs. Some companies wanted to evaluate OCC schemes where there can be interference caused by NPRACH transmitted by other UEs. Even if we simulated 2 OCC UEs, we could simulate their performance in the presence of 10 other UEs that are not paired in the OCC scheme.

Target detection probability and target false alarm probability are [correctly] listed as KPIs.

SNR operating point is the point at which the detection probability and false alarm probability are satisfied. The previous version discussing 10% BLER was just incorrect / an editing mistake.

	Xiaomi
	Fine.

	NEC
	The intention for the NPRACH time/frequency resource utilisation row is clear. However, the wording in the table could not relect that. 

	LGE
	Unlike NPUSCH, it is not always possible that different UEs avoid the selection of the same starting subcarrier index for NPRACH transmission. In this point of view, the baseline will be the case when different UEs use the same starting subcarrier index, which can cause NPRACH collision in the legacy system.


	ZTE
	Fine

	
	

	CATT
	Adding one note: the NPRACH format is not changed even if the OCC is used.


Note: this is the table that was the input to the offline discussion. It is the table that Qualcomm commented on above.

	
	Parameter
	value

	scenario
	Orbit and elevation angle
	GEO at 12.5 degrees; LEO600 at 30 degrees

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C

The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs

Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs

Proponent to report the value of Pimb (can be zero) and justification for the chosen value

	
	NPRACH format
	1

	
	MIMO scheme
	SISO

	transmitter
	Number of repetitions ([image: image18.png]-



)
	Up to proponent


	

	
	OCC length 
	Up to proponent
	

	
	OCC sequence
	Up to proponent
	

	
	Number of UE
	Up to proponent
	

	
	Velocity of UE
	3km/h

	
	SNR at 10% BLER
	Report for baseline and OCC schemes

	
	Aggregated throughput 
	Total throughput of up to 4 UEs multiplexed

	KPI
	Target missed detection probability
	99%

	
	Target false alarm probability
	0.1%

	
	SNR operating point
	Report SNR where target MDR and FAR are reached for baseline and OCC schemes


6 Proposals for online session Tuesday 16 April

Proposal 4.2-1

For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:

	DMRS configuration 
	For baseline evaluations:

OS#4 per slot for 3.75kHz

OS#3 per slot for 15kHz

For OCC evaluations:

Up to proponent


	For baseline evaluations:

OS#3 per slot for 15kHz

For OCC evaluations:

Up to proponent




Proposal 5_2-1v2

At least the following NPRACH OCC schemes are considered by RAN1 for study:

· Intra-symbol group OCC

· Inter-symbol group OCC

· Inter-repetition group OCC 

Proposal 5_3_1: 

The study of OCC for NPRACH considers NPRACH format 1 and NPRACH format 0.
Proposal 5_7_1: The following evaluation assumptions are used for the study of OCC for NPRACH:
	
	Parameter
	value

	scenario
	Orbit and elevation angle
	GEO at 12.5 degrees; LEO600 at 30 degrees

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C

The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs

Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs

Proponent to report the value of Pimb (can be zero) and justification for the chosen value

	transmitter
	NPRACH format
	1 or 0

	
	MIMO scheme
	SISO

	
	Number of repetitions ([image: image20.png]-



)
	Up to proponent



	
	OCC length 
	Up to proponent

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to proponent

	
	Velocity of UE
	3km/h

	
	Total NPRACH time / frequency resource utilisation
	To be reported by proponent. 



	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

	
	SNR operating point
	Report SNR where target detection probability and false alarm probability are reached for baseline and OCC schemes


Proposal 4_3_2v2
OCC multiplexing between NPUSCH format 1 with of 3.75kHz SCS and NPUSCH format 1 with 15kHz SCS NPUSCH format 1 between UEs is not supported.

Proposal 4_7_1

For NPUSCH format 1, the maximum OCC sequence length is not greater than 4.

7 Proposals for offline session on Thursday 18 April

Based on the initial version of this FLS2, the following proposals would be discussed at the offline session on Thursday 18 April:

Proposal 4_4_1

For NPUSCH format 1, RAN1 prioritises single-tone schemes over multi-tones schemes.

The version below was the outcome of the discussion in the offline.

For NPUSCH format 1, RAN1 prioritises the study of single-tone schemes over multi-tones schemes.
FFS: whether the identified solutions for single-tone may also be specified for multi-tone.
After further offline discussion, it was suggested that the following wording would be better: 
For NPUSCH format 1, RAN1 prioritises the study of single-tone schemes over multi-tones schemes.
FFS: whether the identified solutions for single-tone may also be applicable for multi-tone.
Proposal 4_4_2

For NPUSCH format 1, RAN1 prioritises time-domain schemes over frequency domain schemes.

Proposal 4_9_1
This is the output of the discussion from the offline session. FL just added a quick edit, as shorthand, at the bottom (along the lines of “other combinations”) during the session. This has been expanded to the usual text about other schemes not being precluded. 
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers at least the following for further study:

· TDM of DMRS. DMRS for different UEs are transmitted in different OFDM symbols. In the OFDM symbols in which one UE transmits DMRS, the other UEs do not transmit anything (DTX). FFS: Detailed mapping

· CDM of DMRS. The DMRS for different UEs have an OCC applied. All the UEs transmit DMRS in the same OFDM symbols. FFS: Detailed mapping
· other schemes are not precluded, including combinations
Proposal 4_2_2: For the NPUSCH evaluation assumptions, update the frequency error assumption, as follows.
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.

The same frequency error is applied to each subframe of a transport block.


For 4_7_1, there was a comment that we might want to consider other OCC lengths based on being able to multiplex around DMRS for some of the schemes. I think we then realised that the proposal was about the number of UEs that can be multiplexed and was not about OCC length really. The WID talks about a maximum number of UEs that are multiplexed and it seemed better to propose something on the number of UEs rather than the OCC length.

Proposal 4_7_1_comeback
For NPUSCH format 1, RAN1 will not consider maximum OCC sequence length greater than 4.

For NPUSCH format 1, RAN1 will not consider a maximum number of UEs multiplexed that is  greater than 4.
After further discussion, FL decided that the wording above was not easy to read and the proposal is hence changed to the following (the meaning should be the same and the proposal is hopefully more comprehensible).

For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.
8 Proposals for online session Thursday 18 April

Proposal 4_7_1_comeback
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.

Proposal 4_4_1

For NPUSCH format 1, RAN1 prioritises the study of single-tone schemes over multi-tones schemes.

FFS: whether the identified solutions for single-tone may also be applicable for multi-tone.

Proposal 4_9_1
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

Proposal 4_2_2: For the NPUSCH evaluation assumptions, update the frequency error assumption, as follows.
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs

Variation of frequency error is negligible.

The same frequency error is applied to each subframe of a transport block.


9 Conclusions

This document is the feature lead summary for IoT-NTN in RAN1#116bis. It contains the FLS discussion and lists the proposals that were considered in offline and online sessions.
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