
[bookmark: _Hlk145670493]3GPP TSG RAN WG1 #117		                                                    R1-2404672
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024


Agenda Item:	9.11.4
Source:	NEC
Title:	IoT-NTN uplink capacity/throughput enhancement
Document for:	Discussion 

1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#116bis, the following agreements on IoT-NTN uplink capacity/throughput enhancement were made [1]:

	Agreement
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.
For GEO, the same frequency error is applied to each subframe of a transport block.
For LEO, the same frequency error is applied to each subframe of a segment (if applied in the evaluation). Companies to report their assumption on frequency error across segments.

	
	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#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


	
	Number of resource unit () 
	Up to proponent

	Up to proponent


	
	Modulation order 
	Up to proponent

	Up to proponent


	
	TBS ()
	Up to proponent

	Up to proponent


	
	Number of repetitions ()
	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



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.

R1-2403719	FL Summary #2 for IoT-NTN	Moderator (Sony)

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

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


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 ()
	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







In this contribution, we provide further views on the uplink capacity enhancement for IoT-NTN.
2. [bookmark: _Hlk165890015][bookmark: _Ref129681832]NPUSCH 
For the single carrier NPUSCH with SCS 3.75 kHz, where 5 slots are a frame, the slot duration is 61440 Ts or 2 ms, and each slot contains 7 symbols [2]. Thus, the gap between any two DMRS symbols will be an integer multiplied by 2/7 ms.
Based on the agreements in RAN1#116-bis, the frequency error is a uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs, and the carrier frequency is 2 GHz [1]. Thus, the maximum frequency error is 400 Hz.
To ensure the gNB could estimate the frequency error based on the DMRS symbols without phase rotation ambiguity, the maximum phase rotation between two DMRS symbols should be smaller than 2. As the maximum frequency error is 400Hz, the gap between two DMRS symbols should be smaller than 2.5 ms, which is 8.75 symbols for SCS 3.75 KHz and 35 symbols for 15 KHz. Thus, a maximum distance between two DMRS symbols of 8 symbols for 3.75 KHz and 35 symbols for 15 KHz could meet the CFO estimation requirement of the current simulation assumption. 

Observation 1: To meet the CFO estimation requirement of the current simulation assumption, the distance between two corresponding consecutive DMRS symbols should be equal to or smaller than 2.5 ms. 
Observation 2: For the single carrier, NPUSCH with 3.75 KHz SCS, the distance between two corresponding consecutive DMRS symbols should be equal to or smaller than 8 symbols to meet the CFO estimation requirement. 

Observation 3: For the single carrier, NPUSCH with 15 KHz SCS, the distance between two corresponding consecutive DMRS symbols should be equal to or smaller than 35 symbols (5 slots) to meet the CFO estimation requirement. 

The two-level gap is proposed in [3], which is similar to the NPRACH “two-level hopping”. Within a DMRS cluster, the gap between two multiplexed consecutive DMRS symbols is x1. Between two DMRS clusters, the gap between two multiplexed consecutive DMRS symbols is x2. For symbol-level OCC of 3.75 KHz SCS NPUSCH, the x1 is strictly constrained to meet the CFO estimation requirement, and the x2 is constrained to retain the same DMRS overhead as the legacy.  

Proposal 1: For symbol-level OCC, the multiplexed DMRS pattern contains the first level gap between two consecutive DMRS symbols within a DMRS cluster and the second level gap between two consecutive DMRS symbols across two DMRS clusters, where the first level gap should meet the CFO estimation requirement and the second level gap should keep the DMRS overhead same as the legacy NPUSCH without OCC. 
· For 3.75 KHz SCS, the first level gap should be smaller or equal to 8 symbols. 

3. NPRACH
The legacy Random Access procedure is performed on the anchor carrier or one of the non-anchor carriers for which the PRACH resource has been configured in system information. For a legacy NB-IoT UE, when multiple carriers provide PRACH resources for the same enhanced coverage level, the UE will randomly select one of them using the following selection probabilities [4]:
· the selection probability of the anchor carrier PRACH resource for the given enhanced coverage level, nprach-ProbabilityAnchor, is given by the corresponding entry in nprach-ProbabilityAnchorList
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]the selection probability is equal for all non-anchor carrier PRACH resources and the probability of selecting one PRACH resource on a given non-anchor carrier is (1- nprach-ProbabilityAnchor)/(number of non-anchor NPRACH resources)

Proposal 2: Support study if the anchor carrier and non-anchor carrier selection probability could be enhanced to multiplex NPRACH with OCC and legacy NPRACH  in uplink capacity enhancement for IoT-NTN.

For the legacy NPRACH preamble component, each preamble repetition contains P symbol groups, each group contains one CP + N symbols as illustrated in Fig. 1 and Fig. 2.   



[bookmark: _Ref165892120]Fig. 1 NPRACH symbol


[bookmark: _Ref165892141]Fig. 2 NPRACH symbol group

For intra-symbol group OCC, additional CP might be required to ensure the orthogonal property. In an NPRACH symbol group, all the symbols are identical. Thus, the third symbol of NPRACH Format 1 can be treated as the second CP for the NPRACH symbols multiplexed with the second OCC code word as illustrated in Fig. 3. for OCC length = 2 cases.

[image: ]
[bookmark: _Ref165892233] Fig. 3 NPRACH intra-symbol group OCC
From the UE perspective, UE multiplex the S1 and S2 with the first code word; S3, S4, and S5 with the second code word, and then added the CP as legacy. There is no need to specify a new NPRACH symbol group structure or add new procedures for processing the additional CP.
From the gNB perspective, for any NPRACH with intra-symbol group OCC, the receiver could treat the third symbol of an NPACH symbol group as a CP. 

Proposal 3: For NPRACH with OCC, the intra-symbol group OCC should be supported at least with the OCC length =2 cases.

For legacy NPRACH, the supported preamble repetition numbers are 1, 2, 4, 8, 16, 32, 64, and 128. During the NPRACH transmission, there are three different levels of frequency hopping for preamble format 0 / 1 in frame structure type 1 as illustrated in Fig. 3:
· Level 1 Hopping: between the 1st and 2nd symbol group, and the 3rd and 4th symbol group, hopping one subcarrier
· Level 2 Hopping: hopping 6 subcarriers between the 2nd and 3rd symbol group
· Level 3 Hopping: hopping between each repetition in a pseudo-random fashion within 12 contiguous subcarriers

For inter-symbol group(s) OCC or inter-repetition OCC, the hopping pattern/rule might be different to fit with the multiplex symbol group(s). The potential frequency hopping patterns are illustrated in Fig. 4 and Fig. 5 for inter-symbol group(s) OCC and inter-repetition OCC, respectively.

[image: ]
[bookmark: _Ref165894370]Fig. 4 Inter-symbol group(s) OCC frequency hopping
[image: ]
[bookmark: _Ref165894372]Fig. 5 Inter-repetition OCC frequency hopping
Proposal 4: Support inter-symbol group(s) OCC and inter-repetition OCC for NPRACH with a modified frequency hopping mechanism.
· FFS: the hopping mechanisms
 
For PUCCH with OCC, the codebook index is configured by the Network. During a random access procedure, the codebook index will be selected randomly.  The UEs might select the same codebook index resulting in codebook index conflicts. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 5: Support study of the performance of different codebook index hopping mechanisms for NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

Without losing the orthogonal properties of the OCC, more accurate timing and frequency synchronizing might be required. For legacy NPRACH transmission, the segment transmission and gap are configured by the network for UE to handle the precompensations [4]. 

Proposal 6: Support study on whether the timing and frequency synchronizing should be enhanced to support NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

4. Conclusion
From the discussion, we have the following observations and proposals.

Observation 1: To meet the CFO estimation requirement of the current simulation assumption, the distance between two corresponding consecutive DMRS symbols should be equal to or smaller than 2.5 ms. 
Observation 2: For the single carrier, NPUSCH with 3.75 KHz SCS, the distance between two corresponding consecutive DMRS symbols should be equal to or smaller than 8 symbols to meet the CFO estimation requirement. 

Observation 3: For the single carrier, NPUSCH with 15 KHz SCS, the distance between two corresponding consecutive DMRS symbols should be equal to or smaller than 35 symbols (5 slots) to meet the CFO estimation requirement. 

Proposal 1: For symbol-level OCC, the multiplexed DMRS pattern contains the first level gap between two consecutive DMRS symbols within a DMRS cluster and the second level gap between two consecutive DMRS symbols across two DMRS clusters, where the first level gap should meet the CFO estimation requirement and the second level gap should keep the DMRS overhead same as the legacy NPUSCH without OCC. 
· For 3.75 KHz SCS, the first level gap should be smaller or equal to 8 symbols. 

Proposal 2: Support study if the anchor carrier and non-anchor carrier selection probability could be enhanced to multiplex NPRACH with OCC and legacy NPRACH  in uplink capacity enhancement for IoT-NTN.

Proposal 3: For NPRACH with OCC, the intra-symbol group OCC should be supported at least with the OCC length =2 cases.

Proposal 4: Support inter-symbol group(s) OCC and inter-repetition OCC for NPRACH with a modified frequency hopping mechanism.
· FFS: the hopping mechanisms

Proposal 5: Support study of the performance of different codebook index hopping mechanisms for NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

Proposal 6: Support study on whether the timing and frequency synchronizing should be enhanced to support NPRACH with OCC in uplink capacity enhancement for IoT-NTN.
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