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1 Introduction
At the RAN#97-e, the revised WID on NR NTN enhancements was approved [1]. The objectives for coverage enhancement are as follows.
	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 contribution, we present our views on coverage enhancement for NTN.

2 Discussion
2.1 PUCCH for Msg4 HARQ-ACK
2.1.1 PUCCH repetition request for Msg4 HARQ-ACK
In RAN1#110bis-e the following agreement was made [2].
	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


For Msg3 repetition, a UE requests Msg3 repetition when the RSRP of the DL pathloss RS is lower than an RSRP threshold. And the number of Msg3 repetitions is indicated dynamically using 2 MSB bits of MCS in RAR UL grant. Similar mechanism can be applied for PUCCH repetition for Msg4 HARQ-ACK.
Proposal 1: A UE requests PUCCH repetition for Msg4 HARQ-ACK when the RSRP of the DL pathloss RS is lower than an RSRP threshold.

The following options can be considered for sending PUCCH repetition request for Msg4 HARQ-ACK.
· Via RACH
· Alt 1-1: Use PRACH resource associated with Msg3 repetition request
· Alt 1-2: Perform repetition for PRACH transmission
· Alt 1-3: Use dedicated PRACH resource
· Via Msg3 PUSCH
· Alt 2-1: Apply scrambling
· Alt 2-2: Use dedicated DMRS parameter
· Alt 2-3: Indicate dedicated LCID
We analyse pros/cons for each alternative as below:
Alt 1-1 reuses PRACH resources for Msg3 repetition request. When a RACH preamble is transmitted using a PRACH resource associated with Msg3 repetition request, it means that repetition is also requested for PUCCH for Msg4 HARQ-ACK. We believe that this alternative has an issue as gNB cannot distinguish Rel-17/18 UE.  After gNB indicates repetitions for the PUCCH, the corresponding UE may perform repetition, may not; thus, gNB will have to blind detect PUCCH. It may have a negative impact on detection performance and/or gNB implementation and/or resource efficiency, which is undesirable.
Alt 1-2 means that performing PRACH repetition implies repetition request of PUCCH for Msg4 HARQ-ACK.  When a RACH preamble is transmitted with repetition, repetition is also requested for PUCCH for Msg4 HARQ-ACK. It seems that it is inappropriate to rely on something that has not been defined yet though PRACH repetition would be specified in Rel-18. 
Alt 1-3 defines dedicated PRACH resources for PUCCH repetition request for Msg4 HARQ-ACK. In our view, Alt 1-3 does not seem appropriate in terms of resource efficiency. PRACH resources would be more fragmented, and as a result, gNB may have to reserve more UL resources for PRACH. 
Alt 2-1 applies dedicated scrambling to Msg3 PUSCH (e.g., UL-SCH, CRC of the transmitted TB, etc.) for repetition request. We believe that this alternative is a possible solution since there is a similar way in LTE as explained below. For the details of Alt 2-1, it would be the most appropriate to apply dedicated scrambling to the CRC bits to minimize computation at gNB. If different scrambling is applied to UL-SCH with and without repetition request, gNB will need to perform LDPC decoding two times to identify the presence of a request. Meanwhile, only one LDPC decoding is needed when applied to the CRC bits, and two CRC checks are needed to identify the presence of a request. In LTE PBCH, different scrambling is applied to the CRC bits depending on the number of CRS antenna ports, and UE performs up to three CRC checks to identify the number of antennas. A similar mechanism could be used to identify the presence or absence of a repetition request. Thus, applying scrambling to CRC is better.
Alt 2-2 uses dedicated DMRS-relevant parameter (e.g., port, cyclic shift, etc.) transmitted with Msg3 PUSCH for repetition request. This alternative is not preferred since there would be negative impacts on channel estimation at gNB; for example, a lot of computation may be required to identify the presence or absence of a repetition request.
Alt 2-3 allocates some of LCID values for Msg3 with PUCCH repetition request. Note that LCID value in a MAC subheader in UL-SCH is used to identify the type of MAC SDU or MAC CE. There are some reserved LCID values in R17 MAC specification, as shown in the table below. Some of the reserved values would be available for the repetition request while it is up to RAN2 whether reserved LCID values can be used or not. If available, we believe that Alt 2-3 is a feasible candidate for the repetition request. An advantage of Alt 2-3 would be that less processing will be required at gNB than Alt 2-1.
Table 6.2.1-2 Values of LCID for UL-SCH [3]
	Codepoint/Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]), except for a RedCap UE

	1–32
	Identity of the logical channel of DCCH and DTCH

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for a RedCap UE 

	36
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for a RedCap UE

	37–42
	Reserved

	43
	Truncated Enhanced BFR (one octet Ci)

	44
	Timing Advance Report

	45
	Truncated Sidelink BSR

	46
	Sidelink BSR

	47
	Reserved

	48
	LBT failure (four octets)

	49
	LBT failure (one octet)

	50
	BFR (one octet Ci)

	51
	Truncated BFR (one octet Ci)

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]), except for a RedCap UE


From these analysis, we prefer Alt 2-1 or Alt 2-3.
Proposal 2: Use either of the following as a way to send PUCCH repetition request for Msg4 HARQ-ACK.
· Alt1: Apply dedicated scrambling to CRC bits in Msg3 PUSCH for request
· Alt2: Use different LCID values in UL-SCH in Msg3 PUSCH with and without request
· Send an LS to ask RAN2 the feasibility

2.1.2 Indication of number of repetitions
The following are possible ways to indicate UE of the number of PUCCH repetitions.
· Alt 1: Cell-specific configuration by SIB
· Alt 2: UE-specific indication by DCI
Alt 1 applies the same number of repetitions to all UEs in the cell. gNB needs to configure the number of repetitions based on the worst UE in the cell. As a result, unnecessary repetitions are applied to UEs in good condition, resulting in wasted PUCCH resources.
Alt 2 allows gNB to indicate the number of repetitions depending on the condition of each UE, thus gNB can optimize PUCCH resource allocation. Alt 2 is more complex than Alt 1, but dynamic indication of the number of repetitions is already specified for Msg3 repetitions. There seems to be no complexity issue in dynamic indication of the number of PUCCH repetitions. Therefore, we prefer Alt 2. 
On how to indicate repetition factor in a dynamic manner, it would be natural to use DCI format 1_0 to schedule Msg4 PDSCH.
Proposal 3: The number of repetitions for PUCCH for Msg4 HARQ-ACK is indicated by the DCI format 1_0 scheduling the Msg4 PDSCH.

Since candidates for the number of repetitions that have been agreed so far are 1, 2, 4 and 8, at least 2 bits are needed to indicate the number of repetitions. Note that indicating ‘1’ would be OK as Msg3 repetition indication, but the PUCCH transmission behavior with repetition factor = 1 should be based on the existing specification for PUCCH transmission without repetition. The following DCI fields can be considered for indicating the number of PUCCH repetitions.
· Alt 1: PRI field
· Alt 2: 2 MSB bits of MCS field
· Alt 3: 2 MSB bits of HARQ process number field
· Alt 4: DAI field
· Alt 5: TPC command field
Alt 1 is the similar method as dynamic PUCCH repetition indication, which was specified in PUCCH CovEnh in Rel-17. The number of repetitions is associated with each PUCCH resource and is implicitly indicated by the PRI value. 
Alt 2 is the similar method as Msg3 repetition indication. Since MCS index less than 8 (i.e., available MCS index = 0 to 7) may be sufficient to schedule Msg4 PDSCH, 2 MSB bits of MCS field could be used to indicate the number of repetitions. 
For Alt 3, since HARQ process numbers of less than 4 may be sufficient to schedule Msg4 PDSCH, 2 MSB bits of HARQ process number field could be used to indicate the number of repetitions. 
For Alt 4, DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is reserved, which could be used to indicate the number of repetitions. 
For Alt 5, given the large pathloss in NTN, dynamic power control via TPC command field may not be necessary since the UE will need to transmit PUCCH at maximum transmit power. Thus, TPC command field could be used for repetition number indication.
Proposal 4: For indication of the number of PUCCH repetitions for Msg4 HARQ-ACK, down-select from the following DCI fields in DCI format 1_0.
· Alt 1: PRI field
· Alt 2: 2 MSB bits of MCS field
· Alt 3: 2 MSB bits of HARQ process number field
· Alt 4: DAI field
· Alt 5: TPC command field

2.2 DMRS bundling for PUSCH
2.2.1 Phase difference between slots
In RAN1#110bis-e the following agreement was made.
	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


Assuming a residual frequency error of 0.1 ppm, the phase difference between slots at 15 kHz SCS at 2 GHz carrier frequency is 360*200*0.1e-3 = 72 degrees. This value exceeds the limit of maximum allowable phase difference for DMRS bundling (i.e., [25] degrees). In other words, joint channel estimation cannot be performed with a residual frequency error of 0.1 ppm. Phase difference between slots may be larger if phase variation due to timing drift is also taken into account.
The following are possible solutions.
· Option 1: Let gNB post-compensate frequency error
· Option 2: Make the residual frequency error requirement more stringent
In Option 1, since gNB usually have the ability to post-compensate for frequency errors in TN, gNB could also post-compensate for frequency errors in NTN. However, given very low SNR expected in NTN and dynamic frequency variations due to satellite movement, it may be difficult for gNB to post-compensate frequency errors with high accuracy. More complex compensation process may be required, which may increase the cost of gNB.
In Option 2, for example, if the requirement is set to 0.01 ppm, the phase difference between slots will be up to 7.2 degrees. In this case, since the requirement of phase difference for DMRS bundling between slot 0 and any slot p is [30] degrees, joint channel estimation over 4 slots would be possible. However, UE may need to be equipped with a higher precision oscillator, which may increase the cost of UE.
Observation 1: Joint channel estimation cannot be performed with UE requirement of a residual frequency error of 0.1 ppm at 15 kHz SCS at 2 GHz carrier frequency, if gNB cannot perform post-compensation.
Proposal 5: Discuss the following possible solutions to reduce phase difference between slots.
· Option 1: Let gNB post-compensate frequency error
· Option 2: Make the residual frequency error requirement more stringent

2.2.2 Events causing phase discontinuities
For joint channel estimation, within each actual TDW UE must maintain phase continuity of the transmitted PUSCH. Of course, UE cannot update timing/frequency pre-compensation values with phase discontinuities within each actual TDW. In the current specification, the timing of updating timing/frequency pre-compensation values is up to UE implementation. If the update of timing/frequency pre-compensation values is to be defined as an event that causes a phase discontinuity, i.e., actual TDW is determined by the event, it is necessary to clearly specify the timing of pre-compensation value update so that gNB/UE have common understanding. 
However, considering that pre-compensation can be implemented in various ways, it does not seem necessary to clearly specify the update timing. For example, it may be possible to update pre-compensation values without phase discontinuities by continuously updating them little by little. Alternatively, UE performs the update of timing/frequency pre-compensation values right before starting timing of each actual TDW.
Rather, it would be better to configure nominal TDWs such that performing the update of timing/frequency pre-compensation values with phase discontinuities is unnecessary within each actual TDW determined based on the configured nominal TDWs. To this end, in NTN, UE should report a capability of the maximum nominal TDW length taking into account the timing/frequency pre-compensation process. Given those processes, UE may not be able to support the same nominal TDW length in NTN as in TN. It would be better to introduce a new UE capability signal to report the maximum nominal TDW length that can be supported in NTN.
Proposal 6: Introduce a UE capability signal to report the maximum nominal TDW length without update of timing/frequency pre-compensation values with phase discontinuities which the UE can support in NTN.
Proposal 7: No new event which causes power consistency and phase continuity not to be maintained is defined for PUSCH DMRS bundling in NTN.

3 Conclusion
In this contribution, we have the following observation and proposals:
Proposal 1: A UE requests PUCCH repetition for Msg4 HARQ-ACK when the RSRP of the DL pathloss RS is lower than an RSRP threshold.
Proposal 2: Use either of the following as a way to send PUCCH repetition request for Msg4 HARQ-ACK.
· Alt1: Apply dedicated scrambling to CRC bits in Msg3 PUSCH for request
· Alt2: Use different LCID values in UL-SCH in Msg3 PUSCH with and without request
· Send an LS to ask RAN2 the feasibility
Proposal 3: The number of repetitions for PUCCH for Msg4 HARQ-ACK is indicated by the DCI format 1_0 scheduling the Msg4 PDSCH.
Proposal 4: For indication of the number of PUCCH repetitions for Msg4 HARQ-ACK, down-select from the following DCI fields in DCI format 1_0.
· Alt 1: PRI field
· Alt 2: 2 MSB bits of MCS field
· Alt 3: 2 MSB bits of HARQ process number field
· Alt 4: DAI field
· Alt 5: TPC command field
Observation 1: Joint channel estimation cannot be performed with UE requirement of a residual frequency error of 0.1 ppm at 15 kHz SCS at 2 GHz carrier frequency, if gNB cannot perform post-compensation.
Proposal 5: Discuss the following possible solutions to reduce phase difference between slots.
· Option 1: Let gNB post-compensate frequency error
· Option 2: Make the residual frequency error requirement more stringent
Proposal 6: Introduce a UE capability signal to report the maximum nominal TDW length without update of timing/frequency pre-compensation values with phase discontinuities which the UE can support in NTN.
Proposal 7: No new event which causes power consistency and phase continuity not to be maintained is defined for PUSCH DMRS bundling in NTN.
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