3GPP TSG RAN WG1 #116bis                                R1-2402123
Changsha, Hunan Province, China, April 15th – 19th, 2024

Agenda Item:	9.11.4
Source:	Spreadtrum Communications
Title: 	Discussion on IoT-NTN uplink capacity/throughput enhancement
Document for:	Discussion and decision
1. Introduction
In RAN#102 meeting, the new WID of ‘Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3’ was approved [1]. The corresponding objective is copied below.
	4.1	Objective of SI or Core part WI or Testing part WI
The aim of this WI is enhancement of IoT-NTN with the following objectives:

· Support of Store&Forward (S&F) satellite operation with full eNB as regenerative payload, therefore:
· Define the necessary enhancements into E-UTRAN (network & UE) to support S&F operation for delay-tolerant services [RAN3, RAN2, RAN4]
· At least specify necessary enhancements e.g. related to S1 protocol, especially to address the feeder link switch over as needed [RAN3]

Note: Strive to minimise UE impact.

Note: Coordination with SA2 (Rel-19 SA2 led Sat-Arch ph3 SI) is needed on the detail requirements (e.g. traffic type, or QoS parameters for S&F), network architecture (e.g. whether consider (partial) core network on satellite) etc.; further coordination with CT1 might be required


· 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


In RAN 1#116 meeting, agreements had been achieved as follow [2].
	Agreement
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 (including Nslot level)
· Repetition-level
· RV-level
· Intra-symbol pre-DFT spreading OCC

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.

	
	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 () 
	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






We will share our view on UL capacity enhancement of IoT NTN.
2. NPUSCH
2.1 OCC schemes
The theory of symbol-level OCC is shown in figure 1.
[image: ]
Figure 1 Symbol-level OCC scheme
For example, there are two UEs and two OCC sequences. OCC sequence 0 and 1 meet the condition:
                 (1)
At eNB receiver, the received signals at t0 and t1 are given as S0 and S1 shown as following:
                   (2)
Where  and  represent the channel response of UE0 at t0 and t1 respectively,  and  represent the channel response of UE1 at t0 and t1. To demodulate data , then,
        (3)
When the channel response of UE0 and UE1 at t0 and t1 are similar, e.g.,  and , we can obtain following formula,
      (4)
is a constant and also take (1) into account, so eNB can demodulate UE0’s data .
According to above analysis, if timing and frequency error is big, e.g.,  and , eNB can’t demodulate UE’s data.
Advantages of symbol-level OCC is that time span is shortest and resilient to timing error. But the issue is that in above analysis, OFDM symbol need repetition which is different from current specs. In current spec, the repetition is based on subframe for 15KHz and slot for 3.75KHz.
What’s more, for single-tone transmission, DMRS don’t support multiplex multiple UEs. If symbol-level OCC is determined, DMRS need enhancement.
Observation 1: Symbol-level OCC would change current physical resource mapping and DMRS for single-tone transmission need enhancement.
For slot-level OCC, different slots apply different OCC codes as shown in figure 2, eNB will use “two red brackets” data to demodulate data a0 and b0. If timing and frequency error between two symbols is big, eNB won’t demodulate successfully.
Obviously, time span is longer than symbol-level OCC which means it is impacted by timing error easily but it doesn’t need to change physical resource mapping and DMRS doesn’t need enhancement.
[image: ]
Figure 2: Slot-level OCC scheme
For repetition-level OCC, different repetitions apply different OCC codes as shown in figure 3. For RV-level OCC, different RVs apply different OCC code as shown in figure 4.
For repetition-level OCC and RV-level OCC, because of longer time span, they are severely impacted by timing error. We think the priority of these two schemes should deprioritize.
[image: ]
Figure 3: Repetition-level OCC scheme
[image: ]
Figure 4: RV-level OCC scheme
[bookmark: _Hlk162880232]Intra-symbol pre-DFT spreading OCC is only considered for multi-tone transmission which is similar as NR PUCCH format 4 as shown in figure 5. It seems that 6 tone and 12 tone can be multiplexed in one PRB but 3 tones can’t be multiplexed in one PRB. What’s more, in consideration of unified design for single-tone and multi-tone and TU limited, intra-symbol pre-DFT spreading OCC should be lower priority.
	[image: ]
	[image: ]

	(a)
	(b)


Figure 5: Intra-symbol pre-DFT OCC scheme
Proposal 1: Slot-level OCC can be considered as high priority.
2.2 Potential impact
2.2.1 Pairing
In TN, UE can determine it is near a cell edge due to a clear difference in RSRP as compared to cell center. In NTN scenario, one beam corresponds to one cell and cell size is larger than TN. The difference for RSRP of cell edge and center may not be obvious as shown in figure 6.


Figure 6: Near-far effect in different scenarios: (a) TN (b) NTN
Observation 2: Near-far effect in NTN is not obvious.
In current spec, UE can report CQI during RACH procedure and RRC-connected mode. Network may pair UEs according to CQI-related information.
Proposal 2: Pairing can be solved by network without spec impacts.
2.2.2 Segment transmission
In IoT NTN, segment transmission is introduced for NPUSCH and NPRACH due to larger repetitions. The length of segment and gap are configured by network. UE can adjust TA in gap between two adjacent segments.
When using OCC, one or more symbols are dropped as part of a segmented transmission in a gap which would affect orthogonality between UEs. For example, UE0 drops one symbol but UE1 drops one slot, which may cause eNB can’t demodulate data.
[image: ]
Figure 7: Segment transmission
Observation 3: Segment transmission may impact orthogonality when using OCC.
Proposal 3: RAN1 to discuss the impacts of segment transmission with OCC for both NPUSCH and NPRACH.
2.2.3 Configuration of OCC
For OCC configuration of NPUSCH, there maybe two schemes. One way is configured by high layer parameters just like PF1 and PF4, and another way is dynamic configuration, e.g., DCI.
For static configuration, the advantage is can reuse NR specification, but is not flexible enough. For dynamic configuration, DCI design need to be considered.
Proposal 4: For OCC configuration of NPUSCH, RRC configuration and DCI dynamic indication both should be considered.
3. NPRACH
3.1 OCC schemes
In RAN1 #116 meeting, there are three OCC schemes as shown below. 
	[bookmark: _Ref159838259][bookmark: _Toc159847114]Proposal 4_1: NPRACH OCC schemes
The following NPRACH OCC schemes are considered by RAN1:
· Intra-symbol group OCC
· Inter-symbol group OCC
· [bookmark: _Hlk162871280]Inter-repetition group OCC 



we will share our view on NPRACH OCC scheme.
For intra-symbol group OCC, different symbols in one symbol group use different OCC codes. In current spec, symbols in one group are same, but with OCC, symbols in one group maybe different which effects network blind detecting. We think symbol-level OCC will bring great influence for current spec, such as symbol group structure and CP position. Another question is that there are five symbols in one group, so Length-4 Walsh codes can’t be reused.
In our view, priority of intra-symbol group OCC is lower.
[image: ]
Figure 8: Symbol-level OCC scheme
Observation 4: Intra-symbol group OCC may change current preamble structure.
For inter-symbol group OCC, different symbol groups use different OCC codes as shown in figure 9. This scheme doesn’t change current preamble structure, but because of longer time span, it is susceptible to timing drift.
[image: ]
Figure 9: Inter-symbol group OCC scheme
For inter-repetition group OCC, different repetition groups use different OCC codes as shown in figure 10. Between three schemes, time span of this scheme is longest, so it is most susceptible to time drift.
[image: ]
Figure 10: Inter-repetition group OCC scheme
Proposal 5: Inter-symbol group OCC should be high priority.
3.2 NPRACH format
In last meeting, companies discuss on which NPRACH format to enhance in R19.
	[bookmark: _Toc159847115]Proposal 4_2: NPRACH formats
OCC for NPRACH format 1 is studied.



The difference between format 0 and format 1 is shown in table 1. For format 1, the length of CP is 266.7 us, which means it can cover larger cell than format 0. So we think NPRACH format 1 should be higher priority than format 0 in NTN scenario.
Table 1: NPRACH format
	Preamble format
	Tcp
	Tseq

	0
	2048 Ts
	5*8192 Ts

	1
	8192 Ts
	5*8192 Ts


Observation 5: NPRACH format 1 can provide better coverage than format 0.
Proposal 6: NPRACH format 1 is studied for OCC.
3.3 Potential impact
3.3.1 RAR
When OCC is applied to NPRACH, there may be some effects on RAR.
In current spec, the definition of RA-RNTI is shown as below [3]. It can be seen that RA-RNTI is related to SFN_id and carrier_id. RAPID is represented by the start subcarrier index. When 4 UEs multiplex in same time-frequency resource, it means the RA-RNTI and RAPID of them is same, so collision is still existed and only one UE can successfully access to network. In this case, capacity of NPRACH doesn’t increase. Therefore, we think RA-RNTI and RAPID need some enhancement.
	36.321
For NB-IoT UEs, the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI=1 + floor(SFN_id/4) + 256*carrier_id
where SFN_id is the index of the first radio frame of the specified PRACH and carrier_id is the index of the UL carrier associated with the specified PRACH. The carrier_id of the anchor carrier is 0.



Observation 6: If reuse current spec, the NPRACH capacity won’t improve with using OCC.
Proposal 7: RAN1 to discuss RAPID and RA-RNTI related issues when using OCC.
3.3.2 Pairing
In current spec, NPRACH resource can be configured as per CE Level. UEs in same CE Level means the coverage condition is similar. According to section 2.2.1, near-far effect in NTN is not obvious, so we think the near and far effect does not affect pairing. Network can group UEs according to CE Level.
Proposal 8: NPRACH pairing issue can be solved by network configuration without spec impact.
3.3.3 Configuration of OCC
OCC sequences for NPRACH transmission can be configured by SIB.
Proposal 9: OCC sequences for NPRACH transmission can be configured by SIB.
4. Conclusion
In this contribution, we provided our views on the details of UL capacity enhancement. The following observations and proposals are made:
Observation 1: Symbol-level OCC would change current physical resource mapping and DMRS for single-tone transmission need enhancement.
Observation 2: Near-far effect in NTN is not obvious.
Observation 3: Segment transmission may impact orthogonality when using OCC.
Observation 4: Intra-symbol group OCC may change current preamble structure.
Observation 5: NPRACH format 1 can provide better coverage than format 0.
Observation 6: If reuse current spec, the NPRACH capacity won’t improve with using OCC.

Proposal 1: Slot-level OCC can be considered as high priority.
Proposal 2: Pairing can be solved by network without spec impacts.
Proposal 3: RAN1 to discuss the impacts of segment transmission with OCC for both NPUSCH and NPRACH.
Proposal 4: For OCC configuration of NPUSCH, RRC configuration and DCI dynamic indication both should be considered.
Proposal 5: Inter-symbol group OCC should be high priority.
Proposal 6: NPRACH format 1 is studied for OCC.
Proposal 7: RAN1 to discuss RAPID and RA-RNTI related issues when using OCC.
Proposal 8: NPRACH pairing issue can be solved by network configuration without spec impact.
Proposal 9: OCC sequences for NPRACH transmission can be configured by SIB.
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