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1	Introduction
[bookmark: _Hlk94878371]A work item (WI) for enhancements of NR NTN was approved at RAN#94-e. The latest WID can be found in [1]. One objective of the WI is NTN-specific coverage enhancements. A 6-month study phase has been pursued, focusing on evaluating the coverage performance and identifying the candidate physical radio channels that have coverage issues specific to NTN. Based on the outcome, RAN#97 agreed to study and specify support for Msg4 HARQ-ACK PUCCH repetitions and DMRS bundling for PUSCH. In this contribution, we discuss signaling, performance and other aspects for these enhancements.
[bookmark: _Ref178064866]2	Discussion
2.1	PUCCH for Msg4 HARQ-ACK
2.1.1	Scope: Only for Msg4 HARQ-ACK PUCCH or for all PUCCH on cell-specific PUCCH resources?
If the network configures dedicated PUCCH resources to the UE in the RRCConfig message in Msg4, PUCCH repetition can be configured for the dedicated PUCCH resources. Static PUCCH repetition on dedicated PUCCH is mandatory for the UE since Rel-15. Dynamic PUCCH repetition on dedicated PUCCH was introduced as an optional UE feature in Rel-17 and can also be configured in Msg4 depending on UE capabilities.
[bookmark: _Toc135045010]If dedicated PUCCH resources are configured in Msg4, PUCCH repetition can be configured on those PUCCH resources and there is no need for further PUCCH repetition on cell-specific PUCCH.
[bookmark: _Hlk131159339]However, configuration of a dedicated PUCCH resource in Msg4 is up to network decision, and there could be scenarios in which the network lets the UE continue using the cell-specific PUCCH for some time. One example is during initial access from RRC_IDLE state, in which case the network does not know the UE identity, and therefore not the UE capabilities, when Msg4 is sent. Then the network needs to wait until the full UE identity is received in Msg5 before it can retrieve the UE capabilities. In this case, PDSCH transmission other than Msg4 might occur when there is only cell-specific PUCCH resource allocated to the UE for HARQ-ACK transmission.
[bookmark: _Toc135045011]RRC configuration of dedicated PUCCH resources in Msg4 is up to network implementation.
[bookmark: _Toc135045012]During initial access from RRC_IDLE state, the network does not know the UE identity, and therefore not the UE capabilities, when Msg4 is sent, and may decide to wait with configuring dedicated PUCCH until later.
If repetition is motivated for Msg4 HARQ-ACK, it can as well be needed for the HARQ-ACK corresponding to following PDSCHs. Therefore, until the dedicated PUCCH is provided, PUCCH repetitions on cell-specific PUCCH is useful also for other cases than for HARQ-ACK of the PDSCH carrying Msg4.
[bookmark: _Toc135045023]The solutions to support PUCCH repetition for Msg4 HARQ-ACK are applicable for any PUCCH of cell-specific PUCCH resources.
2.1.2	Details of “repetition request or capability report”
In RAN1#112, the following working assumption was agreed:
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report


The solution outlined by the working assumption supports both that the UE requests repetition and indicates repetition capability, depending on network configuration. After this working assumption was agreed, some companies have questioned the need for an RSRP threshold. However, the solution also allows capability indication regardless of RSRP threshold, and the threshold can be made optional in SIB. Therefore, since no critical issues have been identified, we think the working assumption should be confirmed.
[bookmark: _Toc135045024]Confirm the working assumption from RAN1#112 (“For PUCCH repetition for Msg4 HARQ-ACK, a RSRP threshold can be configured via SIB…”).
In the WA, two options for how to instruct the UE to indicate its capability are mentioned:
1. Not configuring the RSRP threshold
2. Configuring the RSRP threshold with value X (the maximum configurable value)

Functionally, the two options are equivalent. The difference is only a matter of RRC signaling. It can be noted that option 1 has the advantage that it saves SIB bits in case the network wants the UE to indicate its capability. However, the decision should be left to RAN2.
[bookmark: _Toc135045013]The two options how to instruct the UE to indicate its capability (not configuring the RSRP threshold or configuring the RSRP threshold with value X) are equivalent from a functional point of view. Not configuring the RSRP threshold saves bits in SIB.
[bookmark: _Toc135045025]How to instruct the UE to always indicate its capability (not configuring the RSRP threshold or configuring the RSRP threshold with value X) is an RRC signaling decision that should be decided by RAN2.
In the WA, two options for how to define the RSRP threshold for Msg4 HARQ-ACK PUCCH repetition are listed:
Alt A: The same RSRP threshold as for R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
Alt B: A new RSRP threshold is introduced.
Simulations comparing the performance of Msg3 PUSCH and Msg4 HARQ-ACK PUCCH are presented below. Simulation assumptions are summarized in Appendix A, Table 7 and Table 8. Results are shown in Figure 1. It can be seen that the SNR limit for when repetitions are needed differs by 2 dB for Msg4 HARQ-ACK PUCCH (at 1% ACK to MD target) and Msg3 PUSCH (at 10% iBLER target). 
 [image: ]
[bookmark: _Ref130834111]Figure 1: Performance of Msg4 HARQ-ACK PUCCH without repetitions and Msg3 PUSCH without repetitions.
[bookmark: _Hlk130834745]Further, Rel-17 Msg3 PUSCH repetition and Rel-18 Msg4 HARQ-ACK PUCCH repetition are optional features both for the network and the UE. Support for one of the features should not require support of the other.
For these reasons, we propose to have separate thresholds for triggering request for Msg3 repetition and Msg4 HARQ-ACK PUCCH repetition from the UE.
[bookmark: _Toc135045014]The SNR limit for when repetitions are needed is different for Msg4 HARQ-ACK PUCCH and Msg3 PUSCH.
[bookmark: _Toc135045015]Rel-17 Msg3 PUSCH repetition and Rel-18 Msg4 HARQ-ACK PUCCH repetition are optional features both for the network and the UE. Support for one of the features should not require support of the other.
[bookmark: _Toc135045026]Define a new RSRP threshold for triggering request for Msg4 HARQ-ACK PUCCH repetition.
If UE sends repetition request, it should consist of a single bit of information indicating that the RSRP is below the configured threshold. There is no need to indicate the preferred repetition factor since the network can determine the number of repetitions e.g. based on measurements on Msg3 PUSCH.
[bookmark: _Toc135045016]There is no need for the UE to indicate a preferred number of Msg4 HARQ-ACK PUCCH repetitions since the network can determine the number of repetitions e.g. based on measurements on Msg3 PUSCH.
2.1.3	LS to RAN2 about how the UE sends repetition request or capability indication via higher layer signalling in Msg3 PUSCH
In RAN#112bis-e, the following working assumption was agreed:
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
Send an LS to RAN2 to ask the feasibility of Option B, and if feasible, to specify the details of Option B.

Decision to send the LS at RAN1#113 to provide details of “repetition request or capability report”, and to ask the feasibility of Option B, and if feasible, to specify the details of Option B.

The LS to RAN2 should be sent as early as possible during RAN1#113 and should contain information on the amount of information to be transmitted, i.e., a single bit.
[bookmark: _Toc135045027]The LS to RAN2 to ask for the feasibility of higher layer signaling in Msg3 for request or indication of PUCCH repetition should be sent as early as possible during RAN1#113 and include info about the information to be indicated, e.g. as follows: 
– The repetition request or capability report for PUCCH repetitions consists of a single bit of information with the following meaning:
  – If an RSRP threshold has been configured with a finite value:
    – “0”: UE does not request repetition since the SSB RSRP is above the threshold
    – “1”: UE requests repetition since the SSB RSRP is below the threshold
  – If an RSRP threshold has not been configured or configured with an infinite value:
    – “0”: UE indicates that is does not have repetition capability
    – “1”: UE indicates that is has repetition capability
NOTE: The information does not necessarily correspond to an explicit bit in Msg3 but can e.g. be conveyed using LCID codepoints in the MAC subheader.
How to convey the information in Msg3 PUSCH will be up to RAN2 to decide. A discussion of possible solutions can be found below.
It is possible to convey information in the MAC subheader for Msg3, shown in Figure 2 (from TS 38.321, clause 6.1.2 [6]):
[image: ]
[bookmark: _Ref124419606]Figure 2: R/LCID MAC subheader
The header consists of an LCID field and two reserved bits. The reserved bits are set to 0 by legacy UE. The LCID field is encoded as shown in the table below (from TS 38.321, clause 6.2.1 [6]):
[bookmark: _Ref125028773]Table 1: Values of LCID for UL-SCH
	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

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octets Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding



The reserved bits and/or the reserved LCID values (37-42, 47) can potentially be used for Msg4 HARQ-ACK PUCCH repetition related signaling.
[bookmark: _Toc135045017]In the MAC subheader for the PUSCH carrying Msg3, there are two reserved bits and seven reserved LCID values that can potentially be used for Msg4 HARQ-ACK PUCCH repetition related signaling.
Using LCID, it is in Rel-17 possible to indicate two different sizes of CCCH (48 and 64 bits). Further, two LCID codepoints are used for indicating a CCCH for a RedCap UE (one for 48 bits CCCH and one for 64 bits CCCH).
In Rel-18, eRedCap is discussed which will potentially also be indicated using two currently reserved LCID codepoints (one for 48 bits CCCH and one for 64 bits CCCH). Therefore, there may be only 5 reserved codepoints available for indicating Msg4 HARQ-ACK PUCCH repetition.
It should be possible to independently indicate CCCH for RedCap (and potentially eRedCap), to indicate 48 or 64 bits CCCH, and to indicate support for/request Msg4 HARQ-ACK PUCCH repetitions. Six LCID codepoints would be needed for this while only five reserved codepoints may be available.
[bookmark: _Toc135045018]If LCID codepoints are used to indicate support for Rel-18 eRedCap, there may be fewer spare codepoints left than needed to indicate/request PUCCH repetition.
To avoid running out of LCID codepoints, a possible solution (as mentioned by the FL in the FL summary from RAN1#112bis-e [2]) is to use one of the currently reserved R bits in the MAC subheader to indicate whether the current LCID table or a new one is used. Then the available reserved codepoints in the old table and the new table can be used. An example is shown in Figure 3 and Table 2.



[bookmark: _Ref135043070]Figure 3: R/X/LCID MAC subheader

[bookmark: _Ref135043100]Table 2: Values of LCID for UL-SCH when X=1
	Codepoint/Index
	LCID values

	0
	CCCH of size 48 bits with request/indication for cell-specific PUCCH repetition, except for a RedCap UE

	1
	CCCH of size 64 bits with request/indication for cell-specific PUCCH repetition, except for a RedCap UE

	2
	CCCH of size 48 bits with request/indication for cell-specific PUCCH repetition for a RedCap UE 

	3
	CCCH of size 64 bits with request/indication for cell-specific PUCCH repetition for a RedCap UE

	4
	CCCH of size 48 bits with request/indication for cell-specific PUCCH repetition for a eRedCap UE 

	5
	CCCH of size 64 bits with request/indication for cell-specific PUCCH repetition for a eRedCap UE

	6–63
	Reserved



[bookmark: _Toc135045019]How UE requests PUCCH repetition through higher layer signaling in Msg 3 PUSCH is up to RAN2 to decide. Possible solutions include:
– use one R bit in the MAC subheader of Msg3 to indicate/request PUCCH repetition
– use LCID codepoints in the MAC subheader of Msg3 to indicate/request PUCCH repetition
– use one R bit in the MAC subheader of Msg3 to indicate whether the current LCID table or a new LCID table is used, and use LCID codepoints in the current and/or the new table to indicate/request PUCCH repetition.
2.1.4	How gNB indicates the repetition factor to UE
At RAN1#111, the following working assumption was agreed:
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion


If only one repetition factor is configured via SIB (first sub-bullet in the working assumption from RAN1#111), it is our understanding that there is no dynamic indication in DCI that the network can use to request the UE to perform the number of repetitions configured in SIB. In this case, all UE indicating support for/requesting Msg4 HARQ-ACK PUCCH repetitions will transmit the configured number of repetitions, while (obviously) UE without repetition capability will not. To allocate the appropriate amount of UL resources, the network needs to know the UE capability. Therefore, the UE needs to indicate support for/request repetitions as proposed in section 2.3.3 even if only one repetition factor is configured.
[bookmark: _Toc135045028]Regardless of whether one or more Msg4 HARQ-ACK PUCCH repetition factors are configured in SIB, the UE indicates support for/requests Msg4 HARQ-ACK PUCCH repetition.
If multiple repetition factors are configured via SIB (second sub-bullet in the working assumption from RAN1#111), there is dynamic indication that the network can use to request the UE to perform repetitions according to one of the number of repetitions configured in SIB. For dynamic indication, the following was agreed at RAN1#112bis-e:
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

Regarding which existing DCI field to use, some pros and cons are summarized in Table 3. 
[bookmark: _Ref131166889]Table 3: Pros and cons of repurposing different DCI fields.
	Alt
	Description
	Pros
	Cons

	1-1a
	MCS
	
	Limits PDSCH MCS selection

	1-1b
	PRI (repetition factor per PUCCH resource)
	Same solution as Rel-17 dynamic PUCCH repetition for dedicated PUCCH.
Available in all DCI formats for which HARQ-ACK PUCCH is needed when dedicated PUCCH is not configured
	Semi-static configuration (in SIB) of repetition factor per PUCCH resource can cause resource segregation which might reduce total capacity of cell-specific PUCCH.

	1-1c
	HARQ process number
	
	Reducing number of HARQ processes may cause stalling if the RTT is large.

	1-1d
	DAI
	Good solution for Msg4 HARQ-ACK PUCCH since the bits are reserved in DCI format 1_0 with CRC scrambled by TC-RNTI.
	For other DCI formats (if PUCCH repetition is defined for all cell-specific PUCCH), the DAI bits are not reserved so the first repetition factor indicated has to be used for all cell-specific PUCCH.

	1-1e
	PDSCH-to-HARQ_feedback timing indicator
	
	Constrains UL scheduling



Our preferred solution depends on whether the scope of the work is only Msg4 HARQ-ACK PUCCH, or any cell-specific PUCCH. If the former, our view is that DAI should be used. If the latter, the PRI field should be used.
[bookmark: _Toc135045029]If more than one repetition factor is configured in SIB, the network indicates in the DCI scheduling Msg4 PUSCH the repetition factor to use (among the configured) using
  – DAI if the scope is only repetition for Msg4 HARQ-ACK PUCCH.
  – PRI (repetition factor configured per PUCCH resource) if the scope is repetition for any PUCCH on cell-specific PUCCH resources.
2.1.5	Capacity of the cell-specific PUCCH resources
In current specification, the cell-specific PUCCH resources are provided by Table 9.2.1-1 in TS 38.213 [5], copied below. 
Table 4 (Table 9.2.1-1 from TS 38.213): PUCCH resource sets before dedicated PUCCH resource configuration.
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}



The table contains 16 PUCCH resource sets. In a given PUCCH resource set, there are at most 16 PUCCH resources. UE can determine the PUCCH resource based on the PUCCH resource indicator in DCI and the index of the CCE in which the PDCCH scheduling the PUCCH was received. If repetition on cell-specific PUCCH resources is configured in the cell, it will cost many PUCCH resources and other UE may not have adequate PUCCH resource or need to wait long time for transmission of PUCCH. To solve this problem, possible ways are adding new PUCCH resource sets that are only used for PUCCH repetition or expanding the resources in one set. Other solutions are preferred to be discussed. 
[bookmark: _Toc135045030]RAN1 needs to further study cell-specific PUCCH resource sets capacity problem. 
2.2	PUSCH for VoIP
2.2.1	UE pre-compensation of phase rotation
At RAN1#112bis-e, the following working assumption was made:
Working assumption
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.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4


Since the UE has the most accurate knowledge of the timing drift, UE pre-compensation of phase rotation per sub-carrier is the preferred solution. Therefore, we propose to confirm the working assumption from RAN1#112bis-e.
[bookmark: _Toc135045031]Confirm the working assumption from RAN1#112bis-e that “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…”
2.2.2	Signalling support
At RAN1#112bis-e, the following was agreed:
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.
· 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


2.2.2.1	Configuration
When DMRS bundling is used, the UE needs to transmit coherently across bundled UL slots. This means that updates of the TA and frequency offset should be avoided (unless the UE can maintain coherent transmission despite TA/frequency precompensation updates). However, updates due to open-loop TA and Doppler shift pre-compensation are sometimes necessary to maintain timing and frequency of the received signal at gNB within RAN4 accuracy requirements.
A similar problem exists in IoT NTN and was solved in Rel-17 by so called segmented UL transmission. When repetitions are transmitted by the UE, pre-compensation updates are prohibited within segments of consecutive slots, while pre-compensation updates are allowed between the segments. The segment length is configured by RRC signaling by the network. How the network determines the segment length is up to implementation, but it will typically be derived from the drift rate that in turn can be estimated from the satellite ephemeris.
The configuration of Rel-17 PUSCH DMRS bundling for NR NTN allows the network to configure a nominal TDW (time-domain window) during which coherent transmission is required, while TA updates and other operations which cause power consistency and phase continuity not to be maintained are allowed between the TDWs. The length of the nominal TDW for PUSCH is configured by UE-specific RRC signaling using the pusch-TimeDomainWindowLength-r17 IE (see TS 38.331 [7]) and can take any value in the range (2..32) slots (also depending on UE capability). Therefore, the Rel-17 feature DMRS bundling already supports a similar configuration framework as Rel-17 IoT NTN segmented uplink transmissions.
[bookmark: _Toc135045020]The Rel-17 feature DMRS bundling already supports configuration of transmission segments equivalent to Rel-17 IoT NTN segmented uplink transmission through UE-specific RRC configuration of the nominal TDW length. No enhancement of the configuration is necessary.
The gNB can e.g. determine the max Doppler/timing drift rate in a cell based on serving satellite ephemeris, and/or estimated/predicted timing drift based on the UL signal from the UE, and configure the UE with a nominal TDW such that pre-compensation updates can be paused within the TDW without exceeding requirements on time/frequency accuracy.
[bookmark: _Toc135045021]The gNB can e.g. determine the max Doppler/timing drift rate in a cell based on serving satellite ephemeris, and/or estimate/predict timing drift based on the UL signal from the UE, and configure the UE with a nominal TDW such that pre-compensation updates can be paused within the TDW without exceeding requirements on time/frequency accuracy.
[bookmark: _Toc135045032]Reuse the Rel-17 configuration of nominal TDW without modifications, and do not add new events defining the actual TDW.
2.2.2.1	Assistance information from UE
In TR 38.821 [8], a cell diameter of 90 km is assumed for LEO 1200 with Set-1 satellite parameters. Within a beam, the timing drift difference between UEs is approximately 1.8 ppm or less, with the maximum values obtained in beams near nadir. This is illustrated in Figure 4 and Figure 5.

[image: ]
[bookmark: _Ref125986471]Figure 4: A spotbeam pointing (almost) at nadir.

[image: Chart, line chart
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[bookmark: _Ref125987426]Figure 5: One-way satellite-to-UE Doppler shift versus offset from nadir for a LEO 1200 satellite.

Given the working assumption that UE pre-compensates the phase rotation, the TDW length in a beam is limited by the timing drift, which should not accumulate to exceed the timing accuracy requirement of 29Ts (for 15 kHz SCS, see TS 38.133 [4]). If gNB does not have UE-specific drift information, gNB can assume the worst-case drift in each beam when determining nominal TDW. E.g., for the illustrated nadir beam, the small maximum drift of 1.8ppm does not require any restriction in the TDW length. For an edge beam, the worst-case drift for LEO 1200 at 30° elevation is 70.5 ppm, which limits the TDW length to 13 slots. Assuming (pessimistically) that the drift difference in the edge beam is also 1.8 ppm, the lowest drift in the edge beam is 68.7 ppm, which also limits the TDW to 13 slots. Therefore, for typical beam sizes, a suitable TDW length can be derived by gNB without assistance information from UE.
[bookmark: _Toc135045022]For LEO 1200 with typical beam sizes, a suitable TDW length can be derived by gNB for each beam without assistance information from the UE.
For extreme beam sizes (max beam size is assumed to be 1000 km in TR 38.821), there may be minor differences within a beam regarding drift rate and therefore maximum TDW length. However, assuming the worst-case drift per beam also in this case is not expected to have a significant impact on DMRS bundling performance. Therefore, we propose the following:
[bookmark: _Toc135045033]Do not introduce UE assistance information regarding needed update interval of time/frequency pre-compensation.
2.2.2.2	UE capability signalling
UE capability signalling for PUSCH DMRS bundling enhancements for NTN is discussed in [3].
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2.4	RRC parameters
2.4.1	PUCCH repetition
A preliminary list of RRC parameters is proposed in Table 5.
[bookmark: _Ref134627545]Table 5: Preliminary list of RRC parameters for PUCCH repetition
	Parameter
	Description
	Value range
	Per (UE, cell, TRP, …)
	UE-specific or cell-specific
	Comments

	rsrp-ThresholdCellPUCCH
	Threshold used by the UE for determining whether to request PUCCH repetition for cell-specific PUCCH resources.

	RSRP-Range
	Per cell
	Cell-specific
	· Working assumption to have a threshold is not yet confirmed.
· Ongoing discussion whether to define a new threshold or reuse rsrp-ThresholdMsg3.
· Ongoing discussion about scope (i.e., cell-specific PUCCH or only Msg4 HARQ-ACK)

	repetitionFactorsCellPUCCH
	Indicates which repetition factors of {1,2,4,8} that are supported for PUCCH repetition for cell-specific PUCCH resources.
	Any subset of {1,2,4,8} except {1}
	Per cell
	Cell-specific
	· Ongoing discussion about scope (i.e., cell-specific PUCCH or only Msg4 HARQ-ACK)



[bookmark: _Toc135045034]Take the input in Table 7 into account when discussing RRC parameters for Msg4 HARQ-ACK PUCCH repetition.
2.4.2	PUSCH DMRS bundling
A preliminary list of RRC parameters is proposed in Table 6.
[bookmark: _Ref134629213]Table 6: Preliminary list of RRC parameters for PUSCH DMRS bundling for NTN.
	Parameter
	Description
	Value range
	Per (UE, cell, TRP, …)
	UE-specific or cell-specific
	Comments

	pusch-DMRS-BundlingPhase Precompensation
	Indicates that UE shall pre-compensate phase rotation per sub-carrier based on timing drift during PUSCH DMRS bundling
	ENUMERATED {‘enabled’}
	Per UE
	UE-specific
	· Working assumption that UE performs phase precompensation is not yet confirmed.



[bookmark: _Toc135045035]Take the input in Table 8 into account when discussing RRC parameters for PUSCH DMRS bundling enhancements for NTN.





3	Conclusion
In the previous sections we made the following observations: 
Observation 1	If dedicated PUCCH resources are configured in Msg4, PUCCH repetition can be configured on those PUCCH resources and there is no need for further PUCCH repetition on cell-specific PUCCH.
Observation 2	RRC configuration of dedicated PUCCH resources in Msg4 is up to network implementation.
Observation 3	During initial access from RRC_IDLE state, the network does not know the UE identity, and therefore not the UE capabilities, when Msg4 is sent, and may decide to wait with configuring dedicated PUCCH until later.
Observation 4	The two options how to instruct the UE to indicate its capability (not configuring the RSRP threshold or configuring the RSRP threshold with value X) are equivalent from a functional point of view. Not configuring the RSRP threshold saves bits in SIB.
Observation 5	The SNR limit for when repetitions are needed is different for Msg4 HARQ-ACK PUCCH and Msg3 PUSCH.
Observation 6	Rel-17 Msg3 PUSCH repetition and Rel-18 Msg4 HARQ-ACK PUCCH repetition are optional features both for the network and the UE. Support for one of the features should not require support of the other.
Observation 7	There is no need for the UE to indicate a preferred number of Msg4 HARQ-ACK PUCCH repetitions since the network can determine the number of repetitions e.g. based on measurements on Msg3 PUSCH.
Observation 8	In the MAC subheader for the PUSCH carrying Msg3, there are two reserved bits and seven reserved LCID values that can potentially be used for Msg4 HARQ-ACK PUCCH repetition related signaling.
Observation 9	If LCID codepoints are used to indicate support for Rel-18 eRedCap, there may be fewer spare codepoints left than needed to indicate/request PUCCH repetition.
Observation 10	How UE requests PUCCH repetition through higher layer signaling in Msg 3 PUSCH is up to RAN2 to decide. Possible solutions include: – use one R bit in the MAC subheader of Msg3 to indicate/request PUCCH repetition – use LCID codepoints in the MAC subheader of Msg3 to indicate/request PUCCH repetition – use one R bit in the MAC subheader of Msg3 to indicate whether the current LCID table or a new LCID table is used, and use LCID codepoints in the current and/or the new table to indicate/request PUCCH repetition.
Observation 11	The Rel-17 feature DMRS bundling already supports configuration of transmission segments equivalent to Rel-17 IoT NTN segmented uplink transmission through UE-specific RRC configuration of the nominal TDW length. No enhancement of the configuration is necessary.
Observation 12	The gNB can e.g. determine the max Doppler/timing drift rate in a cell based on serving satellite ephemeris, and/or estimate/predict timing drift based on the UL signal from the UE, and configure the UE with a nominal TDW such that pre-compensation updates can be paused within the TDW without exceeding requirements on time/frequency accuracy.
Observation 13	For LEO 1200 with typical beam sizes, a suitable TDW length can be derived by gNB for each beam without assistance information from the UE.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The solutions to support PUCCH repetition for Msg4 HARQ-ACK are applicable for any PUCCH of cell-specific PUCCH resources.
Proposal 2	Confirm the working assumption from RAN1#112 (“For PUCCH repetition for Msg4 HARQ-ACK, a RSRP threshold can be configured via SIB…”).
Proposal 3	How to instruct the UE to always indicate its capability (not configuring the RSRP threshold or configuring the RSRP threshold with value X) is an RRC signaling decision that should be decided by RAN2.
Proposal 4	Define a new RSRP threshold for triggering request for Msg4 HARQ-ACK PUCCH repetition.
Proposal 5	The LS to RAN2 to ask for the feasibility of higher layer signaling in Msg3 for request or indication of PUCCH repetition should be sent as early as possible during RAN1#113 and include info about the information to be indicated, e.g. as follows:  – The repetition request or capability report for PUCCH repetitions consists of a single bit of information with the following meaning:   – If an RSRP threshold has been configured with a finite value:     – “0”: UE does not request repetition since the SSB RSRP is above the threshold     – “1”: UE requests repetition since the SSB RSRP is below the threshold   – If an RSRP threshold has not been configured or configured with an infinite value:     – “0”: UE indicates that is does not have repetition capability     – “1”: UE indicates that is has repetition capability NOTE: The information does not necessarily correspond to an explicit bit in Msg3 but can e.g. be conveyed using LCID codepoints in the MAC subheader.
Proposal 6	Regardless of whether one or more Msg4 HARQ-ACK PUCCH repetition factors are configured in SIB, the UE indicates support for/requests Msg4 HARQ-ACK PUCCH repetition.
Proposal 7	If more than one repetition factor is configured in SIB, the network indicates in the DCI scheduling Msg4 PUSCH the repetition factor to use (among the configured) using   – DAI if the scope is only repetition for Msg4 HARQ-ACK PUCCH.   – PRI (repetition factor configured per PUCCH resource) if the scope is repetition for any PUCCH on cell-specific PUCCH resources.
Proposal 8	RAN1 needs to further study cell-specific PUCCH resource sets capacity problem.
Proposal 9	Confirm the working assumption from RAN1#112bis-e that “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…”
Proposal 10	Reuse the Rel-17 configuration of nominal TDW without modifications, and do not add new events defining the actual TDW.
Proposal 11	Do not introduce UE assistance information regarding needed update interval of time/frequency pre-compensation.
Proposal 12	Take the input in Table 7 into account when discussing RRC parameters for Msg4 HARQ-ACK PUCCH repetition.
Proposal 13	Take the input in Table 8 into account when discussing RRC parameters for PUSCH DMRS bundling enhancements for NTN.
[bookmark: _In-sequence_SDU_delivery]
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Appendix A Simulation assumptions 
[bookmark: _Ref131514561]Table 7: Assumptions for PUCCH simulations.
	Parameter
	Value

	Antenna configuration
	1T2R

	Modulation
	BPSK

	Channel model
	NTN-TDL-C Rural

	Elevation Angle
	30°

	Frequency hopping pattern / FH offset
	{No, intra-slot, inter-slot FH per slot} / 50 PRBs

	Channel bandwidth
	1 PRB

	PUCCH format
	format 1

	Payload
	1 bit

	PUCCH duration
	14 OS

	Repetitions
	No reps / 2 reps

	Performance metric
	1% ACK missed and 0.1% NACK to ACK at 1% DTX to ACK rate



[bookmark: _Ref131514591]Table 8: Assumptions for PUSCH of Msg 3 simulations.
	Parameter
	Value

	Antenna configuration
	1T2R

	Channel model
	NTN-TDL-C Rural / TDL-C

	Elevation Angle
	30°

	Allocation PRBs 
	2 PRBs

	TBS
	56 bits

	MCS index
	0

	Waveform
	DFT-s-OFDM

	DMRS setting
	1+2 DMRS

	Performance metric
	10% iBLER



Appendix B WID objectives
The objectives for coverage enhancement in the NTN enhancements WID [1] are copied below.
The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). 

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 specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]


Appendix C Link budget
A link budget analysis for the reference scenario agreed at RAN#97-e is shown in Table 9.
[bookmark: _Ref115269545]Table 9: Link budget analysis for LEO1200 uplink with Set-1 parameters and 30° elevation angle.
	TX EIRP [dBm]
	17.5

	RX G/T [dB/K]
	1.1

	Free space path loss [dB]
	164.5

	Atmospheric loss
	0.066

	Shadow fading margin [dB]
	3

	Scintillation loss [dB]
	2.2

	Polarization loss [dB]
	3

	Additional losses [dB]
	0

	Target CNR [dB]
	1 PRB
	-8.1

	
	2 PRBs
	-11.1
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