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Introduction
In the new WID on coverage enhancement for NR NTN [1] agreed in RAN#97e, the following are described.
	The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port).
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.
The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]


In this document, we discuss above issues on coverage enahncement for NR NTN. 
Enhancement for PUCCH for Msg.4 HARQ-ACK
Evaluation of PUCCH format 1 repetition
In Rel.17, PUCCH repetition can be configured UE-specifically via PUCCH-nrofSlots or nrofSlots in PUCCH-config. Before the RRC reconfiguration takes effect during the initial access, PUCCH is transmitted without repeittion. Therefore, PUCCH for Msg.4 HARQ-ACK is transmitted without repetition in Rel.17. 
According to evaluation results submitted in RAN1#110, PUCCH format 1 without repetition does not meet the coverage target. It was agreed to specifiy coverage enhancments to PUCCH for Msg.4 HARQ-ACK in RAN#97e. For the enhancement, support of repetition for PUCCH Msg.4 HARQ-ACK is promsing as discussed in RAN#97e. In addition, DMRS bundling may be a candidate solution because of a low SNR region in NTN. Therefore, we evaluated repetition and DMRS bundling for PUCCH Msg.4 HARQ-ACK. 
The evaluation assumptions are aligned with the assuptions agreed in RAN1#109e and shown in Table 2 in Annex. Intra-slot frequency hopping is used for repetition 1 (i.e. w/o repetition) and inter-slot frequency hopping is used for repetition 2-8. The length of one hop is half of the repetition slots. Joint channel estimation with the time domain window is same as the length of a hop in the evaluation. 
Evaluation results for 1T1R and 1T2R are shown in Figure 1 and Figure 2. (a) ACK miss dection probability, (b) NACK to ACK error propability and (c) requierd SNR to meet 1% ACK miss detection and 0.1% NACK to ACK error are shown. 
By using repetition up to 8 repetitions, significant gain of the requierd SNR (e.g. 8.6 dB gain for miss detection rate 1% and 6.5 dB gain for NACK to ACK error 0.1% for 1T2R) is seen. The target SNR calculated by the link budget for LEO 1200km parameter set-1 (the condition agreed in RAN#97e), i.e. -8.1 dB, can be met with sufficient margin.  
Regarding the gain of DMRS bundling, almost no gain is seen for ACK miss detection performance. 2.6 dB and 2.3 dB gains are seen for NACK to ACK error performance of 1T1R and 1T2R, respectively. Because ACK miss detection performance is more critical, DMRS bundling would not help for better coverage of PUCCH for Msg4 HARQ-ACK.  
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           (a) ACK miss detection probability                            (b) NACK to ACK error probability
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(c) Required SNR
[bookmark: _Ref115346316]Figure 1 evaluation results for PUCCH format 1 repetition (1T1R)
[image: ]       [image: ]
          (a) ACK miss detection probability                            (b) NACK to ACK error probability
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[bookmark: _Ref111017787]Figure 2 evaluation results for PUCCH format 1 repetition (1T2R)

Proposal 1: Repetition of PUCCH for Msg.4 HARQ-ACK up to 8 repetitions should be supported. 
Proposal 2: DMRS bundling of PUCCH for Msg.4 HARQ-ACK is not necessary. 

[bookmark: _Hlk115354721]Signaling of PUCCH repetition for Msg.4 HARQ-ACK
Because PUCCH for Msg.4 HARQ-ACK is transmitted by UE before RRC reconfiguration takes effect, signaling of PUCCH repetition for Msg4 HARQ-ACK needs to be enhanced. The following options can be considered. 

Option 1: The number of PUCCH repetitions is cell-specifically configured via SIB 
In this option, repetition of PUCCH format 1 (i.e. PUCCH-nrofslot) is indicated via SIB, e.g. SIB1 or SIB19 (NTN specific SIB). This may be a straightforward solution, but a drawback is the same configuration of the repetition is applied to all UEs in a cell. The SNR difference between UE with elevation angle 30 degree and UE with elevation agnle 90 degree is 4.4 dB in LEO 1200km according to the link budget calculation. In addition, around 3dB larger difference may be seen considering the difference of the beam gain which is not taken into account in the link budget calculation (i.e. 3dB difference between beam edge and beam center). Therefore, required number of repetitions is different for different UE locations. To apply the same number of PUCCH repetitions for all UEs is inefficient.

Option 2: The number of PUCCH repetitions is determined by UE 
In this option, candidates of the number of PUCCH repetitions are indicated via SIB. UE selects PRACH resource (RO, preamble) based on UE measureemnt e.g. the geometry or location. The selected PRACH resource corresponds to the number of PUCCH repetitions. Alternatively, UE indicates the number of repetitions in Msg.3 instead of PRACH resource selection. UE can transmit PUCCH for Msg.4 HRQ-ACK based on UE measureemnt i.e. less number of repetitions. Unlike Option 3 below, DCI signaling for repetition indication is not supported. Therefore, a drawback is gNB is not able to adjust the number of PUCCH repetitions based on the received PRACH and/or Msg3.

Option 3: The number of PUCCH repetitions is indicated via DCI for scheduling Msg.4 PDSCH
This optoin is similar to the method used for Msg3 repetition. In this option, DCI 1_0 used for scheduling Msg.4 PDSCH indicates reptittion of PUCCH for Msg.4 HARQ-ACK. In order to keep the size of DCI 1_0 same as Rel.17, existing field should be reused for the indication of PUCCH repetition. For example, PUCCH resource indicator field (3 bits) is used to indicate the number of repetitions for PUCCH before UE specific RRC reconfiguration is given. The other fields, e.g. PDSCH-to-HARQ timing indicator (3 bits), TPC for PUCCH (2 bits), can also be used. Enable/disable of this indication and the candidate number of repetitions can be configured via SIB. Drawback of this option would be less flexibility of the original usage (i.e. PUCCH resource indication, PUCCH timing indication and power control) for Msg.4 HARQ-ACK. But, this would not be a critical issue because this is applied to only Msg.4 HARQ-ACK transmission during initial access. In addition, the flexibility of these function would not be very important considering the NTN characteristic, e.g. FDD, transmit with almost full power. Similar to Option 2, UE selects PRACH resource (RO, preamble) based on UE measureemnt e.g. the geometry or location.. 

Considering the flexibility of selecting the number of PUCCH repetitions at both UE and gNB, we propose to take Option 3.  

Proposal 3: Signaling aspects to support PUCCH repetition for Msg.4 HARQ-ACK should be discussed. 
Proposal 4: PUCCH repetition for Msg.4 HARQ-ACK should be indicated by DCI for scheducling Msg.4 PDSCH (Option 3). 
Proposal 5: UE should selects PRACH resource (RO, preamble) based on UE measureemnt e.g. the geometry or location. 

DMRS bundling for PUSCH with VoIP
For Rel.17 DMRS bundling, time domain window length up to 32 slots are supported in RRC signaling. On the other hand, time domain window length supported by UE is reported via UE capability signaling. 
In NTN, the propagation delay and the Doppler shift are dependent on satellite location and velocity. Timing advance (TA) and transmission frequency are autonomously adjusted by UE using satellite ephemeris and common TA parameters broadcasted via SIB19 and GNSS location information obtained by UE. The accuracy requirement of the timing specified in TS38.133 is shown in Table 1. Note that Tc is 0.509ns according to TS38.211. 
[bookmark: _Ref114645347]Table 1 Timing Error Limit Te_NTN (Table 7.1C.2-1 in TS38.133)
	 Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


The frequency accuracy requirement is defined in TS38.101-5 as follows
	[bookmark: _Toc97562294][bookmark: _Toc104122521][bookmark: _Toc104205472][bookmark: _Toc104206679][bookmark: _Toc104503639][bookmark: _Toc106127570]6.4.1	Frequency error
The NTN satellite UE basic measurement interval of modulated carrier frequency is 1 UL slot. The NTN satellite UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. The mean value of basic measurements of NTN UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
[NOTE: The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by SAN and UL pre-compensated Doppler frequency shift. For the test case, the location of the UE is explicitly provided to the UE from the test equipment.]
Requirement will be verified for at least two cases of which one has zero Doppler conditions.



UE is required to adjust the transmission timing and frequency to meet the requirement when it transmits the data. 
On the othe hand, when DMRS bundling is configured to the UE, the phase continuity during the time domain window (TDW) needs to be guaranteed. Therefore, during the TDW of DMRS bundling, time-frequency adjustment due to satellite movement shall be stopped or adjusted smoothly to keep the phase continuity. The feasibility to satisfy the both requirement should be studied.  
As an initial study, we evaluate the feasibility considering the perfromance of DMRS bundling and time-frequency adjustment period to meet the requirement. 

Perfomance of DMRS bundling
Figure 3 shows BLER performance for PUSCH VoIP using DMRS bundling with various TDW length (denoted by n) for 1T1R and 1T2R. The agreed scenario and parameters are assumed, i.e. LEO1200, parameter set 1, NTN TDL-C (NLOS) with evevation angle 30 degrees. 20 repetitions with inter-slot frequency hopping period of 10 slots is assumed. In this case, DMRS bundling up to 10 slots are possible. TDW length (denoted by n) 1, 2, 5 and 10 slots are evaluated. Other simulation assumptions are aligned with the agreement in RAN1#109e (listed in Table 3 in Annex). 
According to the simulation results, for both 1T1R and 1T2R, difference between n=5 and 10 is already merginal. Therefore, TDW length of larger than 10 slots would not be needed. 
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[bookmark: _Ref115360423]Figure 3 LLS results for joint channel estimation (DMRS bundling) of PUSCH VoIP

Observation 1: TDW length up to 10 slots is sufficient for PUSCH VoIP

Time and frequency adjustment period
Figure 4 shows time and frequency change rate for LEO 600 km. It is assumed that the satellite orbit is along with the equator and UE is located on latitude 0 degree. Curves with various gateway latitude (0-15 degrees) are shown in the figures. The maximum timing change rate is around 42 us/s and the maximum Doppler frequency change rate is 0.57ppm/s (i.e. 0.57 x 10-6 x 2GHz / s). It means that propagation delay is changed at most 42 ns per slot for SCS 15kHz and the Doppler frequency is changed at most 0.57 x 10-3 ppm per slot. 
According to the timing error requirement shown in Table 1, timing error limit is 945ns (=29 x 64 x Tc) for SCS 15kHz. Therefore, the longest update period of TA to meet the timing error limit is 22.5 slots (=945ns/42ns). The longest update period of frequency to meet 0.1 ppm frequency requirement is 175 slots  (=0.1/(0.57x10-3). 
From above analysis, to keep the phase continuity during TDW length for PUSCH VoIP (at most 10 slots according to above evaluation) would be feasible. 
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[bookmark: _Ref115357572]Figure 4 time (left figure) and frequency (right figure) change rate for LEO 600km

Observation 2: To keep the phase continuity during TDW length for PUSCH VoIP would be feasible.

Conclusion 
We discussed issues on coverage enhancement for NR-NTN. The following proposals on PUCCH for Msg.4 HARQ-ACK and observations on DMRS bundling for PUSCH VoIP are made. 

· Proposals on PUCCH for Msg.4 HARQ-ACK
Proposal 1: Repetition of PUCCH for Msg.4 HARQ-ACK up to 8 repetitions should be supported. 
Proposal 2: DMRS bundling of PUCCH for Msg.4 HARQ-ACK is not necessary. 
Proposal 3: Signaling aspects to support PUCCH repetition for Msg.4 HARQ-ACK should be discussed. 
Proposal 4: PUCCH repetition for Msg.4 HARQ-ACK should be indicated by DCI for scheducling Msg.4 PDSCH (Option 3). 
Proposal 5: UE should selects PRACH resource (RO, preamble) based on UE measureemnt e.g. the geometry or location. 

· Observations on DMRS bundling for PUSCH VoIP
Observation 1: TDW length up to 10 slots is sufficient for PUSCH VoIP
Observation 2: To keep the phase continuity during TDW length for PUSCH VoIP would be feasible.
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Annex: LLS assumptions 
[bookmark: _Ref115346128]Table 2 evaluation assumptions for PUCCH format 1
	Parameter
	Value

	PUCCH format 
	Format 1, 1 bit UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.

	Antenna configuration
	1T1R, 1T2R

	Repetitions
	1, 2, 4, 8

	PUCCH duration
	14 OS

	Number of PRBs
	1 PRB



[bookmark: _Ref115428320]Table 3 evaluation assumptions for PUSCH VoIP
	Parameter
	Value

	Carrier frequency 
	2 GHz

	UE speed
	3 km/h

	Subcarrier spacing 
	15 kHz

	Waveform
	DFT-s-OFDM

	PUSCH duration
	14 OS

	Frequency hopping 
	w/ inter-slot frequency hopping (hopping BW 20MHz) 

	Antenna configuration 
	1T1R, 1T2R 

	DMRS 
	Type I, 2 DMRS symbol, no multiplexing with data.
DMRS bundling window: 1, 2, 5, 10 

	HARQ 
	HARQ is not modelled

	MCS, PRBs, repetitions
	MCS9, 1PRB, 20 repetitions 
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