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1. Introduction
In this contribution, we present our views on the candidate solutions for the coverage enhancements of the Msg4 HARQ-ACK and PUSCH with DMRS bundling.
2. Discussion
2.1 Msg4 HARQ-ACK repetition 
In RAN1#112 Meeting[1], the following agreements and working assumption were achieved for Msg4 HARQ-ACK repetition. 
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For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports
Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· 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
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)
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


In Rel-16, the number of slots carrying the same PUCCH can be configured by UE-specific PUCCH configuration via RRC signaling, and then, the PUCCH repetition mechanism is further enhanced in Rel-17 by introducing dynamic repetition indication. However, those repetition mechanisms are not applicable to Msg4 HARQ-ACK which is transmitted by common PUCCH resource. To support the repetition of Msg4 HARQ-ACK, some working assumptions and agreements were achieved in previous meetings, however, some remaining issues are still to be addressed. 
Repetition request or capability indication
Whether repetition request or capability indication is reported was heated discussed in last meeting, and a compromised solution was agreed as working assumption. Based on the current working assumption, the gNB can decide whether UE report repetition request or capability indication by RSRP threshold configuration. If the configured RSRP threshold is lower than the maximum configurable value, the UE decides whether the repetition is necessary based on the DL signal measurement. On the other hand, as the channel statues is changing with the satellite movement, a UE who does not need repetition at initial access phase may need repetition after RRC connection establishment, it is not feasible for gNB scheduling without knowing the UE capability on common PUCCH repetition. In that case, the gNB can configure the RSRP threshold as X or not configure RSRP threshold, then repetition capability is indicated by UE, the gNB can decide whether the repetition is necessary based on the detection of PRACH with the knowledge of UE repetition capability. Therefore, it is proposed to confirm the working assumption on RSRP configuration dependent repetition indication.
There is one remaining issue on whether the same or different RSRP threshold with R17 Msg3 repetition is introduced for Msg4 HARQ-ACK repetition. In our understanding, considering the payload of Msg3 and Msg4 HARQ-ACK are different, separate RSRP threshold is preferred.

Container of the [repetition request or capability report]
The following question is how UE send the request or indication, three options were proposed in last meeting. For Option A, separate PRACH preamble and/or occasion should be used for Msg4 HARQ-ACK repetition indication assuming different RSRP threshold for Msg4 HARQ-ACK repetition is applied, which will cause further PRACH resource fragmentation. It may not be possible to indicate all the repetition factors considering the limited PRACH resource. For Option C, DMRS ports can be used for carrying the repetition indication, which may cause negative impacts on channel estimation at gNB. 
For Option B, higher layer signaling in Msg3 such as MAC CE can be used for carrying the Msg4 HARQ-ACK repetition indication. The MAC CE size could be zero and one byte is enough for the MAC CE sub-header. New simulations with larger payload size is conducted to evaluate the coverage of Msg3 with new added MAC CE, the detailed evaluation parameter assumption is listed in the Annex part. As Figure1 shows, the SNR requirement is around -12.1 dB with target BLER equal to 10%, which is lower than the link budget. In that sense, the coverage of Msg3 is not impacted by adding new MAC CE. 
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Fig.1 Evaluation results for Msg3 coverage
Repetition number indication
Multiple alternatives for dynamic indication of repetition factor had been agreed in last meeting. For Alt 2 and Alt 4, the repetition number of Msg4 HARQ-ACK and the repetition number of Msg3 is bundled which is not feasible for gNB scheduling. For Alt 3, the Temporary C-RNTI is used for contention resolution, and changing the TC-RNTI to one or two CRC bits will cause big spec. impact in both RAN1 and RAN2, which is not preferred. And the DCI format should not be changed therefore Alt 1-2 is not preferred. 
An existing field(s) in DCI scheduling Msg4 can be used for indicating the repetition number of Msg4 HARQ-ACK. Taking Alt 1-1a as an example, the significant bits of MCS field can be reused for indicating the repetition number. 
When repetition factor is not configured via SIB, the gNB indicates the number to UE via DCI. Different with multiple repetition numbers are configured, the DCI indicated a value based on pre-defined factors, e.g., {1,2,4,8}.  
Proposal 1: Confirm the working assumption on the following working assumption.
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
Proposal 2: New RSRP threshold is introduced for Msg4 HARQ-ACK repetition.
Proposal 3: MAC CE in Msg3 PUSCH is used as container of the repetition request or capability report. 
Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, the existing field(s) in DCI scheduling Msg4 is used for indicating the repetition number.
Proposal 5: When repetition factor is not configured via SIB, the gNB indicates the repetition number via DCI based on pre-defined factors. 
2.2 Frequency hopping of PUCCH
In last meeting, intra-slot and inter-slot frequency hopping were proposed with the newly supported Msg4 HARQ-ACK repetition. The evaluation results for intra-slot and inter-slot frequency hopping with different repetition numbers are shown in Figure 2. The baseline is 1 repetition with and without intra-slot frequency hopping. It can be observed from Figure 1 that the SNR is around -3dB when miss detection rate is 1% for the baseline scheme. The SNR requirement is decreased with the repetition number increased, the SNR requirement can be met when repetition number is 4. There is minor difference between the curves with and without frequency hopping as Fig. 2 shows, and the accurate values are listed in the Table 2. Considering that the performance gain of enabling inter-slot frequency hopping is negligible and inter-slot frequency hopping would introduce additional signaling design, inter-slot frequency hopping of Msg4 HARQ-ACK repetition is not supported.
Observation 1: The SNR gap for PUCCH of Msg4 HARQ-ACK can be covered by 4 repetitions without frequency hopping.
Observation 2: The performance gain of enabling inter-slot frequency hopping is negligible.   
Proposal 6: Inter-slot frequency hopping of Msg4 HARQ-ACK repetition is not supported.
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Fig.2 Performance of intra-slot and inter-slot frequency hopping 
Table 2, SNR of MDR=1%
	Repetition number
	Frequency hopping
	SNR/dB

	1
	No FH
	-2.79

	
	Intra-slot FH
	-2.91

	2
	No FH
	-5.79

	
	Intra-slot FH
	-5.88

	
	Inter-slot FH
	-5.87

	4
	No FH
	-8.53

	
	Intra-slot FH
	-8.69

	
	Inter-slot FH
	-8.43

	8
	No FH
	-10.75

	
	Intra-slot FH
	-10.76

	
	Inter-slot FH
	-10.76



2.3 PUSCH DMRS bundling
In order to improve the channel estimation accuracy, the DMRS bundling is introduced to perform the joint UL channel estimation in Rel-17. The UE is expected to maintain the power consistency and phase continuity during a configured time domain window. For NTN-specific PUSCH DMRS bundling, the following agreements were achieved in last meeting [1][2]:
	Observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit
Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.
Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling


Based on the conclusion and observation, the constant frequency error does not impact the phase continuity requirement, and assuming that frequency pre-compensation and TA pre-compensation is not preformed, the frequency error limit can be satisfied over 32 slots while the timing error limit can be satisfied within at most 13 slots. 
The number of 13 slots is actually how long the timing accuracy requirement can be met if no TA adjustment performed during the transmission. The timing accuracy requirement for NTN UE is 29Ts defined in Table 7.1C.2-1 of 38.133, which is equal to 944ns. 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. The magnitude of timing drift is largely impacted by the elevation angle between satellite and UE. Taking LEO-1200km as an example, the timing drift of round trip delay is around 70.5 us/s when the satellite moves away from the UE at 30 degree elevation angle assuming the UE is fixed, while the timing drift of round trip delay is around 42.59 us/s when the satellite moves away from the UE at 60 degree elevation angle, and the timing drift becomes to 0.36 us/s when the elevation angle is around 90 degree. The duration of UE can maintain phase continuity increased with the decrease of timing drift correspondingly. In other words, the length of the time window that UE can maintain phase continuity is varying with the elevation angle. Larger repetition factor can be configured with larger elevation angle between UE and satellite. Therefore, multiple nominal TDWs can be configured by gNB based on the variable elevation angles, and nominal TDW is determined and indicated by gNB in semi-static way.
In TN, multiple events were defined which cause power consistency and phase continuity not to be maintained across PUSCH repetitions, such as a downlink slot or downlink reception. In NTN, the UE need to adjust TA automatically which would break the phase continuity. It is proposed to define a new event as automatic TA adjustment for DMRS bundling in NTN. It is worth noting that different with the existing events, the event of automatic TA adjustment is unknown to the gNB which might unknown to the gNB. For example, when UE acquired new GNSS information and the related application time might unknown 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, for example, a PUSCH with dedicated scrambling is considered as notification of phase continuity broken. 
Working assumption 1: UE is not expected to perform frequency and/or time pre-compensation during the actual TDW in NTN.
Proposal 7: Nominal TDW is determined and indicated by gNB in a semi-static way.
Proposal 8: Automatic TA adjustment by UE is assumed as an event which would break the phase continuity. The event of automatic TA adjustment is notified by UE in an implicit way.
2.4 PUSCH DMRS bundling and antenna switching 
As concluded in last meeting, the coverage requirement can be met only when sufficient TDW size is assumed for PUSCH DMRS bundling. However, the duration that UE can maintain phase continuity is decreased with the decrease of angle between UE and satellite as we analyzed in section 2.3. Antenna switching can be considered as complementary solution when TDW size is not sufficient. Therefore, Antenna switching is supported when the TDW size of PUSCH DMRS bundling is lower than a threshold.
Proposal 9: Antenna switching is supported when the TDW size of PUSCH DMRS bundling is lower than a threshold.  
3. Conclusions
In this contribution, we present our views on the candidate solutions for the coverage enhancements of the Msg.4 HARQ-ACK and PUSCH with DMRS bundling, we have the following observations and proposals.
Observation 1: The SNR gap for PUCCH of Msg4 HARQ-ACK can be covered by 4 repetitions without frequency hopping.
Observation 2: The performance gain of enabling inter-slot frequency hopping is negligible.  
 
Working assumption 1: UE is not expected to perform frequency and/or time pre-compensation during the actual TDW in NTN.

Proposal 1: Confirm the working assumption on the following working assumption.
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
Proposal 2: New RSRP threshold is introduced for Msg4 HARQ-ACK repetition.
Proposal 3: MAC CE in Msg3 PUSCH is used as container of the repetition request or capability report. 
Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, the existing field(s) in DCI scheduling Msg4 is used for indicating the repetition number.
Proposal 5: When repetition factor is not configured via SIB, the gNB indicates the repetition number via DCI based on pre-defined factors. 
Proposal 6: Inter-slot frequency hopping of Msg4 HARQ-ACK repetition is not supported.
Proposal 7: Nominal TDW is determined and indicated by gNB in a semi-static way.
Proposal 8: Automatic TA adjustment by UE is assumed as an event which would break the phase continuity. The event of automatic TA adjustment is notified by UE in an implicit way.
Proposal 9: Antenna switching is supported when the TDW size of PUSCH DMRS bundling is lower than a threshold.  
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Table 1, LLS parameters for Msg3 coverage evaluation
	Parameter
	Value

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	Channel model
	LEO 30°, TDL, Rural

	UE speed
	3 km/h

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1

	Number of DMRS symbol
	3

	DMRS type
	Type I, Type B, no multiplexing with data

	Waveform
	CP-OFDM

	HARQ configuration
	No HARQ

	PUSCH duration
	14 OS

	Number of PRBs
	2

	TBS
	64 bits

	Repetition
	16

	Satellite antenna configuration
	1Rx

	UE antenna configuration
	1Tx (1, 1, 2) with omni-directional antenna element
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