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Introduction
In RAN1#110bis-e, it was discussed on coverage enhancement for NR NTN, and related agreements/conclusions are captured as follows. 
	Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4

Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.

Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching

[bookmark: _Hlk117153843]Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated




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 last meeting, there was a discussion on whether PUCCH enhancement can include only Msg4 PUCCH or other cases such as PUCCH transmission before RRC connection. Although “Msg4 PUCCH” is defined in WID, “Msg4” itself 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). 
Proposal 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. 
Proposal 2: Support at least PUCCH repetition for PUCCH format 1. 
Regarding whether any specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed, if a new RRC parameter is considered for enabling PUCCH repetition for Msg4 HARQ-ACK, the new parameter will be included in the specifications. It seems existing mechanisms are sufficient and there is no need to update the repetition counting for Msg4 HARQ-ACK. 
Regarding the agreement in RAN1#110bis-e on options for procedures to perform repetition.
For option 3,  it is not possible for a UE to indicate the repetition capability to gNB since it is before RRC connection. If UE capability indication is indicated via Msg3 PUSCH, it needs non-trivial specification impact for other working groups since such information in Msg3 PUSCH has not been defined before. This should be avoided, and therefore option 3 should be down selected. 
For option 1, a new SIB information is required to indicate Msg4 PUCCH repetition to Rel-18 NTN capable UE. The SIB information can include one or multiple PUCCH repetition levels. Since gNB cannot differentiate between Rel-18 NTN capable UEs and other “non-capable” UE (that is, Rel-17 NTN UE), some of the PUCCH resources might be unused since the non-capable UE cannot decode new SIB information. In addition, the use of repetitions for all users in the cell might not be necessary.
For option 2, a gNB is able to figure out which UEs can support Msg4 PUCCH repetition based on a UE request to transmit with Msg4 PUCCH repetitions via separate RACH resources. For example, gNB can configure two separate PRACH resources: one is for Rel-18 NTN capable UE and the other one is for non-capable UE. Thus, PUCCH resources can be used efficiently, but PRACH resources could be used inefficiently because gNB cannot estimate how many Rel-18 NTN capable UEs and non-capable UEs are in the serving cell. Since Msg3 PUSCH repetitions uses this mechanism specified in Rel-17, for the gNB to figure which UEs support Msg3 repetitions and/or Msg4 PUCCH repetitions would require additional RACH partitions, which is undesirable. Alternatively, if Msg4 PUCCH uses repetitions when Msg3 PUSCH uses repetitions, there is no need for additional RACH partitions although this solution might not be optimal for Msg4 PUCCH performance.
For option 3, it is not possible for a UE to indicate the repetition capability to gNB since it is before RRC connection. If UE capability indication is indicated via Msg3 PUSCH, it needs non-trivial specification impact for other working groups since such information in Msg3 PUSCH has not been defined before. This should be avoided, and therefore option 3 should be down selected. 
Proposal 3: Option 3 is not considered as candidate solution for Msg4 PUCCH repetition. 

For the number of repetitions, default values can be specified if a configuration is not provided, otherwise the values for the number of repetitions are determined based on a configuration. For dynamic indication, a new DCI field or existing DCI field in DCI format 1_0 can be considered for indicating the number of PUCCH repetitions. For existing DCI field, PRI can be considered to indicate the number of PUCCH repetitions. For example, each PRI index is associated with PUCCH repetition factor. Other existing DCI fields can also be considered, e.g. HARQ process number. 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 4: Consider the following options for down-selection in RAN1#111 
· Option 1) configuring multiple repetition values using an RRC parameter and indication by a DCI format 
· Option 1-1) using one or more of the existing field, e.g., PUCCH resource indicator, HARQ process, MCS
· Option 1-2) using a new DCI field indicating a repetition number
· Option 3) configuring a number of repetitions per PUCCH common resource


DMRS bundling for PUSCH
For DMRS bundling, it was discussed on which condition should be taken into account for determining whether NTN-specific DMRS bundling enhancement is needed or not, and 3 cases were identified. One of 3 cases is the maximum allowable phase difference for DMRS bundling which is defined in [3] as shown in the following table. 
Table 1: Maximum allowable phase difference for DMRS bundling
	UL channel
	Modulation order
	Phase difference between any slot p-1 and slot p 
(NOTE 2)
	Phase difference between slot 0 and any slot p
(NOTE 3)

	PUSCH
	Pi/2 BPSK, QPSK
	[25] degrees
	[30] degrees

	PUCCH
	Pi/2 BPSK, BPSK, QPSK
	
	

	NOTE 1: 	The UE capability of the length of maximum duration refers to the maximum time duration during which UE is able to meet the phase continuity requirements, assuming no phase consistency violating events defined in TS 38.214 in between.
NOTE 2: 	This requirement applies for FDD and TDD bands, for supported DMRS bundling configurations ≤ 8 slots.
NOTE 3: 	This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.



Phase difference (can be obtained by using the equation (1)

In equation (1), f means frequency in baseband and  means delay difference between two uplink signals. Since maximum allowable difference between slot 0 and any slot p is [30] degrees, the range of   can be determined according to f. Table 2 shows The maximum allowable delay difference depending on frequency in order to satisfy phase difference between slot 0 and any slot p for DMRS bundling. 
Table 2: The maximum allowable delay difference. 
	f (kHz)
	 (us)

	15 (1 tone)
	5.6

	180 (1 RB)
	0.46

	360 (2 RB)
	0.23

	720 (4RB)
	0.12

	1800 (10 RB)
	0.046



Figure 1 shows simulation results for determining how much delay is changed according to the number of repetitions. The simulation assumptions are LEO-1200, 15kHz, FDD and 2GHz. If the UE transmits PUSCH with 1RB right nearby DC tone, DMRS bundling scheme could be applicable because of satisfying the requirement. Also, if DMRS bundling is considered over 4 or 8 repetitions, it is possible to apply DMRS bundling when the UE transmits PUSCH with 2 or 4 RBs right nearby DC tone. However, in general, DMRS bundling might not be working if the number of repetition is larger or transmitted PUSCH resource is far away from DC tone. Therefore, NTN-specific DMRS bundling might be necessary due to the requirement on the maximum allowable phase difference for DMRS bundling. 
[image: ]
Figure 1: Maximum difference of delay (service link) according to elevation angle

Observation 1: If a UE uses PUSCH resource nearby DC tone for repetition, DMRS bundling is still possible without any enhancement because it satisfies the requirement.

Observation 2: If a UE uses PUSCH resource far away from DC tone for repetition, DMRS bundling cannot be applicable because it doesn’t satisfy the requirement.

With assumption that NTN-specific DMRS bundling is needed, it should discuss whether there is no problem for UE to do pre-compensation of TA value or not for enabling DMRS bundling before discussing events which causes power consistency and phase continuity not to be maintained. Although it is unlikely to do DMRS bundling if UE applies same TA value over PUSCH repetition in NTN, it is not clear whether DMRS bundling can be applicable if TA pre-compensation is applied since this information is purely rely on UE implementation. For example, if two consecutive PUSCH transmissions cannot maintain phase continuity due to 1) large delay difference and 2) large phase difference than the requirement, it is not clear whether phase difference after TA pre-compensation can be within the maximum allowable phase difference for DMRS bundling. Therefore, we need to send LS to RAN 4 in order to check whether the issue is negligible or not. 
Proposal 5: Sends LS to RAN4 asking the feasibility of DMRS bundling for NTN when the UE applies TA pre-compensation. 

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

Observation 1: If a UE uses PUSCH resource nearby DC tone for repetition, DMRS bundling is still possible without any enhancement because it satisfies the requirement.
Observation 2: If a UE uses PUSCH resource far away from DC tone for repetition, DMRS bundling cannot be applicable because it doesn’t satisfy the requirement.
Proposal 1: Support of PUCCH repetitions in Rel-18 NTN is about the case where a UE does not have dedicated PUCCH resources.
Proposal 2: Support at least PUCCH repetition for PUCCH format 1. 
Proposal 3: Option 3 is not considered as candidate solution for Msg4 PUCCH repetition. 
Proposal 4: Consider the following options for down-selection in RAN1#111 
· Option 1) configuring multiple repetition values using an RRC parameter and indication by a DCI format 
· Option 1-1) using one or more of the existing field, e.g., PUCCH resource indicator, HARQ process, MCS
· Option 1-2) using a new DCI field indicating a repetition number
· Option 3) configuring a number of repetitions per PUCCH common resource
Proposal 5: Sends LS to RAN4 asking the feasibility of DMRS bundling for NTN when the UE applies TA pre-compensation. 
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