
[bookmark: _Hlk91681971][bookmark: OLE_LINK1]3GPP TSG RAN WG1 #110bis-e	        		               R1-2209750
e-Meeting, October 10th – 19th, 2022

[bookmark: Source]Agenda item:	9.11.1
Source: 	Samsung  
Title: 	On coverage enhancement for NR NTN
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN#97, the revised WID [1] was approved with the following scope. 
· 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 contribution, it discusses on PUCCH enhancements for Msg4 HARQ-ACK and DMRS bundling for PUSCH, respectively, in case of LEO-1200&LOS with parameter set-1 which was captured in the revised WID as reference scenario.

PUCCH enhancements for Msg4 HARQ-ACK
In Rel-17, Msg4 HARQ-ACK is scheduled by DCI format 1_0 with TC-RNTI. It was concluded that it cannot meet the performance requirement due to absence of support for frequency hopping and repetitions. Thus, enhancing PUCCH for Msg4 HARQ-ACK is beneficial for NTN. One aspect to note is about the terminology and the framework. “Msg4” is not defined in the specifications and the PDSCH providing contention resolution is not necessarily the first PDSCH after Msg3 PUSCH is correctly received. Also, the issue is applicable in general until a UE is provided dedicated PUCCH resources which is also an optional configuration (i.e. a NW is not required by the specifications to provide dedicated PUCCH resources to a UE).
Observation 1: Support of PUCCH repetitions in Rel-18 NTN is about the case where a UE does not have dedicated PUCCH resources.
  
For now, for simplicity, reference will be to “Msg4 HARQ-ACK” under the assumption that repetitions are supported for any PUCCH with HARQ-ACK when a UE does not have dedicated PUCCH resources. Regarding PUCCH format 1, in RAN1#110, it was observed that PUCCH format 1 can meet the performance requirement with proper repetition level and frequency hopping with the assumption of 2-bit payload. Frequency hopping can be further considered if the maximum repetition level of 8 cannot meet the requirement. 
Proposal 1: Support at least PUCCH repetition for PUCCH format 1. 
Regarding how to enable PUCCH repetition, there are several options as followings: 
· Option 1) configuring one repetition value using new RRC parameter
· Option 2) configuring one or multiple repetition values using new RRC parameter, and if multiple repetition values are configured, a DCI format indicates one of values
· Option 2-1) using 2-bit DAI field that is reserved in TN 
· Option 2-2) using one or more of other existing fields (e.g., PUCCH resource indicator, HARQ process number, MCS)
· Option 2-3) using a new DCI field indicating a repetition number
Option 1 is simple solution because it doesn’t change DCI format processing although only one repetition level is configured. Option 2 can provide more flexibility to indicate a repetition number. Since the distance at the elevation angle of 10 degrees is 3135 km for LEO-1200, required SNR range can have large variance. Thus, option 2 is more preferable. 
Following the Rel-17 approach, another option can be that a number of repetitions is per PUCCH common resource, and UE-common RRC indicates an association of the UE common PUCCH resources in Table 9.2.1-1 of 38.213 with a number of repetitions.
Proposal 2: Consider the following candidate options as baseline for enabling PUCCH repetition.  
· Option 1) configuring one repetition value using new RRC parameter
· Option 2) configuring multiple repetition values using new RRC parameter and the DCI format indicates one of values
· Option 2-1) using 2-bit DAI field 
· Option 2-2) using one or more of other existing fields (e.g., PUCCH resource indicator, HARQ process number, MCS)
· Option 2-3) using a new DCI field indicating a repetition number
· Option 3) configuring a number of repetitions per PUCCH common resource


DMRS bundling for PUSCH
DMRS bundling scheme is considered for improving coverage in TN for PUSCH and PUCCH. However, there was discussion in RAN#97 on whether or not a DMRS bundling scheme is feasible for NTN. Thus, feasibility study on DMRS bundling for NTN is included in the scope for Rel-18 NTN. 
The following figures 1 and 2 show simulation results for determining how much delay and Doppler shift are changed over a number of repetitions. The simulation assumptions are LEO-1200, 15kHz, FDD and 2GHz. For PUSCH repetition of 4, the maximum difference of delay would be less than 0.1us and the maximum difference of Doppler shift would be less than 1 Hz. For PUSCH repetition of 20, the maximum difference of delay would be equal to 0.4 us and the maximum difference of Doppler shift would be less than 5 Hz. Around 90 degrees, the impact of Doppler shift difference is much larger than the impact of delay difference. It is the opposite around 10 or 170 degrees.  
	[image: ]
Figure 1: Maximum difference of delay (service link) according to elevation angle
	[image: ]
Figure 2: Maximum difference of Doppler shift according to elevation angle


Observation 2: For PUSCH repetition of 4, the maximum difference of delay would be less than 0.1us and the maximum difference of Doppler shift would be less than 1Hz.

Observation 3: For PUSCH repetition of 20, the maximum difference of delay would be equal to 0.4us and the maximum difference of Doppler shift would be less than 5Hz. 

Observation 4: Around 90 degrees, the impact of Doppler shift difference is much larger than the impact of delay difference. It is the opposite around 10 or 170 degrees.

Regarding the condition of DMRS bundling for PUSCH in TN, RAN4 replied that “RAN4 has agreed that TA adjustment should be avoided across the PUSCH/PUCCH transmissions (i.e., from start of first transmission until the end of last transmission) for joint channel estimation.” in [2]. However, that response may need to be checked again for the TA condition for NTN. Also, there is no reply from RAN4 about the Doppler shift. Thus, RAN1 needs to send an LS to RAN4 for the conditions of DMRS bundling for NTN with the following questions. 
· Whether or not an applied TA value can be changed over PUSCH repetitions for DMRS bundling in NTN 
· If the applied TA value cannot be changed, what is the maximum duration?
· If applied TA value can be changed, how much difference can be tolerable and what is the maximum duration?
· Whether or not applied Doppler shift can be changed over PUSCH repetitions for DMRS bundling in NTN?
· If applied Doppler shift value cannot be changed, what is the maximum duration?
· If applied Doppler shift value can be changed, how much difference can be tolerable and what is the maximum duration?
Proposal 3: Sends LS to RAN4 for asking the conditions of DMRS bundling for NTN with the following questions. 
· [bookmark: _GoBack]Whether or not applied TA value can be changed over PUSCH repetitions for DMRS bundling in NTN? 
· If applied TA value cannot be changed, what is the maximum duration?
· If applied TA value can be changed, how much difference can be tolerable and what is the maximum duration?
· Whether or not applied Doppler shift can be changed over PUSCH repetition for DMRS bundling in NTN?
· If applied Doppler shift value cannot be changed, what is the maximum duration?
· If applied Doppler shift value can be changed, how much difference can be tolerable and what is the maximum duration?

Conclusions
The following observations and proposals have been made for coverage enhancement of NR NTN.  

Observation 1: Support of PUCCH repetitions in Rel-18 NTN is about the case where a UE does not have dedicated PUCCH resources.

Observation 2: For PUSCH repetition of 4, the maximum difference of delay would be less than 0.1us and the maximum difference of Doppler shift would be less than 1Hz.

Observation 3: For PUSCH repetition of 20, the maximum difference of delay would be equal to 0.4us and the maximum difference of Doppler shift would be less than 5Hz. 

Observation 4: Around 90 degrees, the impact of Doppler shift difference is much larger than the impact of delay difference. It is the opposite around 10 or 170 degrees.

Proposal 1: Support at least PUCCH repetition for PUCCH format 1. 

Proposal 2: Consider the following candidate options as baseline for enabling PUCCH repetitions.  
· Option 1) configuring one repetition value using new RRC parameter
· Option 2) configuring multiple repetition values using new RRC parameter and the DCI format indicates one of the values
· Option 2-1) using 2-bit DAI field 
· Option 2-2) using one or more of other existing fields (e.g., PUCCH resource indicator, HARQ process number, MCS)
· Option 2-3) using a new DCI field indicating a repetition number
· Option 3) configuring a number of repetitions per PUCCH common resource


Proposal 3: Sends LS to RAN4 for asking the conditions of DMRS bundling for NTN with the following questions. 
· Whether or not applied TA value can be changed over PUSCH repetition for DMRS bundling in NTN? 
· If applied TA value cannot be changed, what is the maximum duration?
· If applied TA value can be changed, how much difference can be tolerable and what is the maximum duration?
· Whether or not applied Doppler shift can be changed over PUSCH repetition for DMRS bundling in NTN?
· If applied Doppler shift value cannot be changed, what is the maximum duration?
· If applied Doppler shift value can be changed, how much difference can be tolerable and what is the maximum duration?

References
[1] RP-222654, “Revised WID: NR NTN (Non-Terrestrial Networks) enhancements”
[2] R1-2108703, “Reply LS on PUCCH and PUSCH transmissions”


4

image1.emf
0 20 40 60 80 100 120 140 160 180

, elevation (degree)

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

M

a

x

i

m

u

m

 

d

i

f

f

e

r

e

n

c

e

 

o

f

 

D

e

l

a

y

 

(

u

s

)

20 repetitions

8 repetitions

4 repetitions


image2.emf
0 20 40 60 80 100 120 140 160 180

, elevation (degree)

-1

0

1

2

3

4

5

M

a

x

i

m

u

m

 

d

i

f

f

e

r

e

n

c

e

 

o

f

 

D

o

p

p

l

e

r

 

s

h

i

f

t

 

(

H

z

)

20 repetitions

8 repetitions

4 repetitions


