Page 1
[bookmark: _Ref462675860][bookmark: _Ref465963108]3GPP TSG RAN WG1 #113			R1-2304408
Incheon, Korea, May 22nd – May 26th, 2023
Agenda item:	9.9.1
Source: 	Quectel
[bookmark: OLE_LINK1]Title: 	Coverage enhancements for NR NTN
Document for:	Discussion/Decision
Introduction
Coverage enhancement was included in the scope of the Rel-18 work item for NTN. The two detailed objectives are identified as [1]
· 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]

[bookmark: OLE_LINK11]In RAN1#112 bis, the following working assumptions and agreements were made [2]:Working assumption 
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE 
· Option B: Higher layer signaling in Msg3 PUSCH

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used 
Alt 1: Field in DCI scheduling the Msg4 PDSCH 
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}
i.e., configuration of only ‘1’ is not supported


Working assumption 

[bookmark: OLE_LINK15][bookmark: OLE_LINK14]For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side 
· [bookmark: OLE_LINK16][bookmark: OLE_LINK13]UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4

Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination 
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration
· [bookmark: OLE_LINK26]Actual TDW is determined based on gNB configuration/indication
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN
· FFS: details, including UE capability and assistance information reporting

[bookmark: _Ref473802466][bookmark: _Ref462669569]In this contribution, we discuss these two issues for PUCCH for Msg 4 HARK-ACK repetitions and  DMRS bundling for PUSCH.
[bookmark: OLE_LINK12]Msg4 HARQ-ACK 
[bookmark: OLE_LINK45][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: OLE_LINK34]For PUCCH repetition for Msg4 HARQ-ACK, an existing field(s) in DCI scheduling Msg4 can be used to indicate the repetition number of Msg4 HARQ-ACK.  According to the agreement, both of dynamic indication and static indication can be supported. For static indication,  candidate values of only one repetition factor configuration via SIB are configured. For dynamic indication, when repetition factor is not configured via SIB, the gNB indicates the repetition number via DCI based on pre-defined factors. One or two bits of the existing field(s) can be used, gNB can indicate the number of repeat transmissions of the first PUCCH through the DAI bit of DCI in Msg3, DAI bits can be reserved and used DAI bits can also be configured to indicate the number of repeated PUCCH transmissions. These DAIs can be applied to different DCI formats. The two reserved DAI bits can indicate the repeat transmissions number of PUCCH for HARQ-ACK in Msg 4. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK36]Proposal 1: Support Alt 1-1d: DAI field
Use the one or two reserved DAI bits of DCI 1_0 to indicate the repetition factor of the PUCCH for Msg4 HARQ-ACK.

[bookmark: _Hlk115270734]DMRS Bundling
The UE is expected to maintain the power consistency and phase continuity during a configured time domain window(C-TDW). For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side, UE shall not perform TA pre-compensation update within an actual TDW, if it causes phase discontinuity that may violate the phase difference limit.
At the same time, DMRS bundling has strict requirements for the phase offset between the symbols received by gNB. Therefore, when configuring the segment length for pre-compensation, it is necessary to evaluate the changes in delay drift, Doppler frequency shift and the phase offset. The changes in time delay drift and Doppler frequency shift caused by motion trace of satellite can be predicted, assuming that the elevation angle of the satellite relative to the user and the gNB is unchanged during a short period of time (in milliseconds). When the elevation angle is changed, only the delay drift and Doppler frequency shift changes of the feed link and the user link need to be calculated separately.
The relationship between the phase difference and delay drift between two the OFDM symbols received by the gNB is as follows

wherein  represents the amount of delay drift，  is half of the transmission bandwidth.
The relationship between the phase difference between two OFDM symbols received by gNB and the change in Doppler frequency shift is as follows:

wherein represents the change in Doppler frequency shift, and 𝒕 represents the time difference between two transmission symbols.
The timing error and Doppler shift error are specified, and the requirements for phase shift in DMRS bundling are given. The requirements for timing error are given in Table 7.1C-2-1 of 38.133. The timing accuracy requirement for NTN UE is 29Ts as defined, which is equal to 944ns.
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The requirement for Doppler frequency shift error is given in 38.101-5, and it is limited within 0.1ppm.
The requirements for phase difference are given in Table 6.4.2.5-1 of 38101-1:[image: 表格
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[bookmark: OLE_LINK41]For LEO-1200 Km at elevation angle 30 degrees, the maximum round trip delay drift is 70.5 us/s, then the maximum slot that the UE can meet timing accuracy requirement is around floor(944/70.5) = 13 slots.  When the time is becoming larger, the larger repetition factor can be configured with larger elevation angle between UE and satellite. Therefore, larger nominal TDW can be configured in NTN by gNB, and nominal TDW is determined and indicated by gNB in semi-static way. On the other hand, UE capability can be considered as an element factor to report to gNB, and gNB can indicate actual TDW to special UE according to the unique abilities of UE. Moreover, antenna switching can be considered a UE capability to expend actual TDW size, Therefore, antenna switching can be supported when the TDW size of PUSCH DMRS bundling is decided in gNB.
[bookmark: OLE_LINK38]Proposal 2：UE capacity report will be needed in actual TDW size of PUSCH DMRS bundling
[bookmark: OLE_LINK43] Proposal 3: Antenna switching is supported in actual TDW size of PUSCH DMRS bundling
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]In NTN, it is more likely to apply segment precompensation to achieve DMRS bundling when the elevation angle of the satellite relative to the terminal is small, the main limitation is the phase difference caused by timing error, which limits the segment length of segment pre-compensation. Moreover, when the terminal position, base station position, and satellite motion state are all known, the timing error, Doppler frequency shift change, and phase difference can be accurately calculated, thereby accurately calculating of the maximum segment length allowed for segment pre-compensation. If  UE adjusts TA automatically,  the phase continuity would break. It is proposed to define a new event as automatic TA adjustment for DMRS bundling in NTN. Howerer , the event of automatic TA adjustment is unknown to the gNB, the UE is expected to notify gNB whether the nominal TDW is broken by the new events. An implicit indication is preferred for the notification。
[bookmark: OLE_LINK39]Proposal 4: Support segment precompensation to maintain power and phase consististity, TA adjustment as event will be reported to gNB. 
Conclusions
In this contribution, we have discussed issues and solutions for coverage enhacemnts of Msg4 HARQ-ACK and for DMRS bundling in NTN. We have also proposed enhancements for effective use of diversity techniques in NTN.  We have the following observations and proposals:
Proposal 1: Support Alt 1-1d: DAI field
Use the one or two reserved DAI bits of DCI 1_0 to indicate the repetition factor of the PUCCH for Msg4 HARQ-ACK. 
Proposal 2：UE capacity report will be needed, it effect the actual TDW
Proposal 3: Antenna switching is supported in actual TDW size of PUSCH DMRS bundling
Proposal 4: Support segment precompensation to maintain power and phase consististity, TA adjustment as event will be reported to gNB. 
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Table 7.1C.2-1: Te_ntn Timing Error Limit

Frequency SCS of SSB SCS of uplink T
Range signals (kHz) signals (kHz) NN

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 s the basic timing unit defined in TS 38.211 [6]
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Table 6.

: Maximum allowable phase difference for DMRS bundling

UL channel WModulation order Phase difference between | Phase difference between
any slot p-1 and slot p slot 0 and any slot p
(NOTE 2) (NOTE 3)
PUSCH Pi/2 BPSK, QPSK [25] degrees 130] degrees
PUCCH Pi/2 BPSK, BPSK, QPSK
NOTE 1:

The UE capability of the length of maximum duration refers to the maximum time durafion 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:
NOTE 3:

This requirement applies for FDD and TDD bands, for supported DMRS bundiing configurations < 8 slots,
This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.





