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1. Introduction
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For the WI of  coverage enhancement in NR NTN for Rel-18, agreements and conclusions have been achieved in RAN1#110bis-e as following  [1].
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.
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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
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In this contribution, we will discuss in more details regarding PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for NTN. 

2. Discussion

2.1 PUCCH enhancement for Msg4 HARQ-ACK
For Msg4 HARQ-ACK, it uses PUCCH format 1 with 1 bit UCI payload with BPSK modulation. 
In RAN1#110, it was concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirement [3]. The reference scenario for evaluation is parameter set-1, LEO-1200 operation, LOS, -5dBi UE antenna gain and 3 dB polarization loss (per antenna port) [4]. In RAN#97 meeting, the UE antenna gain for the reference scenario was updated from -5dBi to -5.5dB [5], which make the enhancement more necessary. On the other hand, for PUCCH format 1 other than the case of Msg4 HARQ-ACK, RAN1 have observed that the existing specification can meet the performance requirement [3]. The reason is that existing specification (Rel-17) can support PUCCH repetition when dedicated PUCCH resource configuration is provided and can not support PUCCH repetition when dedicated PUCCH resource configuration is not provided. PUCCH for Msg4 HARQ-ACK during initial access uses cell specific PUCCH resource set provided by PUCCH-ConfigCommon, as following in TS 38.331[7]. It can be seen that cell specific PUCCH resource does not support repetition yet. 
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In RAN1#110bis-e, RAN1 has agreed to support PUCCH repetition for PUCCH for Msg4 HARQ-ACK to enhance its coverage performance for Rel-18 NR NTN.
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Issue 1. Terminology
In RAN1#110bis-e meeting, it was pointed out that ‘Msg4’ is not used in RAN1 specification, and therefore the terminology of PUCCH for Msg4 HARQ-ACK may need to be discussed. FL proposed 3 options for the terminology [2]. 
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In our view, Option1 has a broader scope than Option2. Option1 can include Option2. Option2 is more precisely corresponding to PUCCH for Msg4 HARQ-ACK. It can be illustrated in the figure below.
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Figure 1. 
These options do not mean what kind of procedure should be taken to perform coverage enhancement, but they may have some implication on that, e.g. in cell-specific manner, or by dynamically indication by DCI,  or by enhancing initial access procedure. Therefore it may be hard to choose from these options before answering the question on what kind of specific procedure should be taken.
Observation 1: From RAN1 specification point of view, PUCCH transmission indicated by a DCI format 1_0 with CRC scrambled by TC-RNTI is more precisely corresponding to the PUCCH for Msg4 HARQ-ACK. But it should not preclude enhancement measures on PUCCH transmission using cell-specific PUCCH resource configuration ,etc.
Proposal 1: For the terminology regarding PUCCH for Msg4 HARQ-ACK, we may keep it as it is and discuss specific procedure to perform repetition firstly.

Issue 2. Cell-specific manner for repetition
In RAN1#110bis-e, RAN1 has agreed to discuss some specific aspects to perform repetition of PUCCH for Msg4 HARQ-ACK.
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In our view, option1 can be taken as the basic procedure. The cell-specific manner for PUCCH repetition can be similar to (but may not be same as) that of UE specific manner.
The following is the existing specification on UE specific PUCCH configuration in TS 38.213[6]
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The following is the existing specification in TS 38.331[7] regarding RRC information element PUCCH-FormatConfig in PUCCH-Config for UE specific PUCCH repetition.
[image: ]
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[bookmark: _Hlk86776043]Similarly, for PUCCH for Msg4 HARQ-ACK, a UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, if  is provided by nrofSlots, which is a cell-specific parameter configured in a cell-specific RRC information element, for instance, PUCCH-ConfigCommon.
Observation 2: The cell-specific manner for PUCCH repetition can be similar to that of UE specific manner.
Proposal 2.1: For the procedure to perform repetition for PUCCH for Msg4 HARQ-ACK, it can be taken as the baseline that UE always perform repetition if configured in cell-specific manner. 
Proposal 2.2: For PUCCH for Msg4 HARQ-ACK, a UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, if  is provided by nrofSlots, which is a cell-specific parameter configured in a cell-specific RRC information element, for instance, PUCCH-ConfigCommon.

Issue 3. Dynamic indication for repetition
UE may have different channel condition. Even for LOS condition, the free space path loss (FSPL) is different when elevation angle is different. The table below give our calculation on the FSPL for the cases of GEO, MEO, LEO-1200 and LEO-600 with different elevation angle. Difference of FSPL due to elevation may be 1.0dB, 1.7dB, 4.4dB, 5.1dB respectively. For the target scenario for R18 NTN coverage enhancement, i.e. LEO-1200 and LEO-600, the difference is 4.4dB and 5.1dB respectively. Therefore, the difference is significant. 
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For the situation of different path loss, there are still two options:
Option 1: Stick to the manner of cell-specific configuration. 
Option 2: UE is dynamically indicated to perform repetition.
For Option 1: Network would configure the repetition factor in a conservative way, i.e. use a relatively large repetition factor to cover the case of low elevation angle. It is simple for specification and procedure, but inefficient for PUCCH resource. 
For Option 2:  It would be an efficient way from the point of view of PUCCH resource. But this option needs UE report of its position/elevation angle, or UE request on repetition number in uplink. Also, in downlink, it is obvious that this option need UE specific indication from the network (e.g. more information in DCI). Comparing with Option 1, Option 2 is inefficient from the point of view of signaling. In addition, in reality, in order to get the better/best link performance for itself, UE might request larger/largest repetition number, regardless of the goal for network resource efficiency. And this kind of behavior might be difficult to be restricted by specification. We would like to propose further discussion on this.
Observation 3.1: The difference of free space path loss between 30 deg elevation and 90 deg elevation is 4.4dB for LEO-1200 and and 5.1dB for LEO-600. 
Observation 3.2: Different repetition factor might be required to have a good match with different path loss. 
Observation 3.3: Network would configure the repetition factor in a conservative way, i.e. use a relatively large repetition factor to cover the case of low elevation angle/large path loss. It is simple for specification and procedure, but inefficient for PUCCH resource. 
Observation 3.4: UE specific/dynamic indication for PUCCH repetition could be more efficient from the point of view of PUCCH resource. But in reality, UE might request larger/largest repetition number in order to get better/best link performance for itself, regardless of the goal of network resource efficiency. And this kind of behavior might be difficult to be restricted by specification. 
Observation 3.5: UE specific/dynamic indication for PUCCH repetition needs UE report of its position/elevation angle or UE request on repetition number in uplink, and UE specific indication from the network in downlink (e.g. more information in DCI). This is more inefficient from the point of view of signaling, comparing with the cell-specific indication/configuration manner.  
Proposal 3: For UE specific/dynamic indication for repetition of PUCCH for Msg4 HARQ-ACK, lower efficiency (than the cell specific manner) from the point of view of uplink and downlink signaling, and possibly lower efficiency (than the theoretical model) in PUCCH resource due to UE’s abuse (possibly) on PUCCH resource in reality through UE request repetition should be considered and discussed further.

Issue 4. Maximum repetition factor
In RAN1#110bis-e, it has been agreed that for PUCCH transmission for Msg4 HARQ-ACK, supported number of transmission are 1,2,4,8. But there is a FFS: whether larger number of transmission is supported.
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We would like to discuss this FFS issue based on our simulations. 
Our simulation presumptions are as in the following table.
	Number of symbols
	14

	Number of Tx and Rx
	1T1R

	Channel model
	NTN-TDL-C

	Scenario
	Rural,LOS

	Elevation angle
	30deg



The ACK miss performance is as the figure below, with the requirements of NACK2ACK < 0.1% and DTX2ACK < 1% are also satisfied. It can be seen from the performance curves that when repetition number is 8, the required SNR is about -7.4dB @ 1% ACK miss.
[image: ]

For the CNR value (link budget),  we have calculated in our contribution for RAN1#110 meeting[8]. It was -7.6dB.  After that, the UE antenna gain for the reference scenario was updated from -5dBi to -5.5dB in RAN#97 meeting [5]. Therefore the CNR value now should be 0.5dB less, i.e., -8.1dB. This value is exactly the same with the CNR value used by FL in the FL summary in the last RAN1 meeting [2].
The parameters for the CNR calculation are summarized in the table below.
	Channel bandwidth
	180KHz(1RB)

	UE antenna gain
	-5.5dBi

	Polarization loss
	3dB

	Obit
	LEO-1200

	Elevation angle
	30deg



Based on the SNR requirement (-7.4dB) and CNR value (-8.1dB), we think repetition 8 may not be adequate for LEO-1200 with 30deg elevation angle, if the UE antenna gain is -5.5dBi. Therefore larger number of transmission should be supported. We would like to discuss this issue further in this meeting.
Observation 4: For PUCCH for Msg4 HARQ-ACK, our simulation shows that when repetition number is 8, the required SNR is about -7.4dB @ 1% ACK miss. Compared to the CNR value of -8.1dB for LEO-1200 with elevation angle of 30deg and UE antenna gain of -5.5dBi, there are a gap of 0.7dB. Therefore, repetition 8 may not be adequate.
Proposal 4: For PUCCH for Msg4 HARQ-ACK,  support larger number of transmission beyond 8.

Issue 5. Single PUCCH transmission
Another FFS issue is whether/how single PUCCH transmission can be configured and/or indicated.
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In our view, if repetition of PUCCH is configured in cell-specific manner, there are two options to configure/indicate single PUCCH transmission.. 
Option 1: Single PUCCH transmission is explicitly configured/indicated. 
Option 2: Single PUCCH transmission is implicitly configured/indicated by not configuring RRC parameter for PUCCH repetition. 
Option 2 has some similarity to the manner of UE dedicated PUCCH in existing specification. We think this method can save signaling cost. So we prefer this option.
Observation 5.1: If repetition of PUCCH is configured in cell-specific manner, single PUCCH transmission can be explicitly configured/indicated or implicitly configured/indicated by not configuring RRC parameter for PUCCH repetition. The implicit way is similar to the existing manner for UE dedicated PUCCH. It can save signaling cost. 
Proposal 5.1: If repetition of PUCCH is configured in cell-specific manner, single PUCCH transmission can be explicitly configured/indicated, or implicitly configured/indicated by not configuring RRC parameter for PUCCH repetition. The implicit way is better.

If repetition of PUCCH for Msg4 HARQ ACK is indicated in dynamic manner, there are two options to indicate single PUCCH transmission..
Option 1: Single PUCCH transmission is explicitly indicated in the DCI format 1_0 with CRC scrambled by TC-RNTI. 
Option 2: Single PUCCH transmission is implicitly indicated by not including repetition number in the DCI format 1_0 with CRC scrambled by TC-RNTI.
Option 2 has some similarity to the manner of UE dedicated PUCCH in existing specification. We think this method can save signaling cost. But on the other hand, complexity for DCI detection may increase. 
Observation 5.2: If repetition of PUCCH for Msg4 HARQ ACK is indicated in dynamic manner, single PUCCH transmission can be explicitly indicated  in the DCI format 1_0 with CRC scrambled by TC-RNTI, or implicitly indicated by not  including repetition number in the DCI format 1_0 with CRC scrambled by TC-RNTI. The implicit way is similar to that of UE dedicated PUCCH in the existing specification. It can save signaling cost. But complexity for DCI detection may increase. 
Proposal 5.2: If repetition of PUCCH for Msg4 HARQ ACK is indicated in dynamic manner, single PUCCH transmission can be explicitly indicated  in the DCI format 1_0 with CRC scrambled by TC-RNTI, or implicitly indicated by not including repetition number in the DCI format 1_0 with CRC scrambled by TC-RNTI. 



Issue 6. UE capability of repetition
Another FFS issue is behavior of UE being incapable of repetition.
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In our view, if multiple repetition is configured in cell-specific manner, for behavior of UE being incapable of repetition, there are two options:
Option 1: UE performs single PUCCH transmission.
Option 2: UE does not perform the PUCCH transmission.
Option 1 means that UE will try its luck without using multiple PUCCH repetition against the path loss. In this case, in order to detect the PUCCH, network shall perform blind detection for both single transmission and multiple repetition. 
Option 2 means that UE will never successfully access the cell (BWP) configured with multiple PUCCH repetition. It also means the UE is forbidden to access the cell.
Proposal 6: If multiple repetition of PUCCH is configured in cell-specific manner, for behavior of UE being incapable of repetition, down-select from the following options:
Option 1: UE performs single PUCCH transmission.
Option 2: UE does not perform the PUCCH transmission.

Issue 7. Frequency hopping
As we know, for PUCCH for Msg4 HARQ ACK, intra-slot frequency hopping is always enabled in the existing specification (Rel-17), which does not yet support repetition for PUCCH for Msg4 HARQ ACK. Now when we discuss PUCCH repetition for Msg4 HARQ ACK for Rel-18 NTN coverage enhancement, a question is raised on whether intra-slot FH is still good for this new scenario.
In order to answer this question, we have simulated the performance of PUCCH repetition with intra-slot frequency hopping, and then compared it to the performance of PUCCH without frequency hopping. The simulation result (ACK missed detection) is show in the figure below. The requirements of NACK to ACK < 0.1% and DTX to ACK < 1% are satisfied. 
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The simulation presumptions are summarized in the following table.
	Number of symbols
	14

	Number of Tx and Rx
	1T1R

	Channel model
	NTN-TDL-C

	Scenario
	Rural,LOS

	Elevation angle
	30deg



From the simulation result, we can see that in NTN scenario,  intra-slot FH has negative effect on Msg4 HARQ-ACK performance. The bigger the repetition factor is, the more negative gain is introduced by intra-slot FH (Rep2 is an exception is this simulation, but the trend is still obvious). For rep8, the gain of intra-slot FH is -0.75dB. 
In our understanding, this is because channel estimation requires continuous DMRS symbols, while intra-slot FH destroys the continuity in every a half slot. And the challenge is higher when the SNR is lower.
Observation 7.1: For NTN scenario, intra-slot FH has negative effect on the performance of PUCCH for HARQ-ACK. In our simulation when the repetition factor is 8, the negative gain of intra-slot FH is about -0.75dB.
Observation 7.2: For NTN scenario, intra-slot FH has negative effect on the performance of repetition transmission, because phase continuity is destroyed by intra-slot FH in every half a slot, which is bad for channel estimation. The effect is more significant when SNR is lower.
Observation 7.3:  For repetition transmission, one way to obtain the benefit of frequency hopping without bring much negative effect to channel estimation is to perform inter-slot FH instead of intra-slot FH.
Proposal 7.1: For NTN, support disabling intra-slot FH.
Proposal 7.2: For NTN, support inter-slot FH for PUCCH for Msg4 HARQ-ACK.

2.2 DMRS bundling for PUSCH 
For NTN-specific PUSCH DMRS bundling, it is agreed in RAN1 #110-bis-e to discuss further the need of enhancement in consideration of phase different due to timing drift and/or doppler shift.
For LEO-600, the doppler frequency varies with a changing speed at different time, as illustrated in the figure below. The maximum doppler shift changing rate is 0.58kHz/s. In 20ms, frequency changing due to satellite movement is 11.6Hz. The frequency error requirement specified in section 6.4.1 of 38.101-5 is  within ± 0.1 PPM, i.e. 200Hz for carrier frequency of 2GHz. The doppler shift (11.6Hz) in 20ms is 5.8% of 200Hz. From this point of view, it does not bring much challenge to the requirement. 
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For LEO-600, the trip time varies at different time, and the maximum timing drift changing rate is 0.023ms/s, as illustrated in the figures below. In 20ms, the timing drift is 0.46 µs. The timing error specified in Table 7.1C.2-1 of 38.133 is 29 Ts = 0.944 µs. The timing drift in 20ms is about 48.7% of 29 Ts. For RTT, the value is twice. From this point of view, the timing drift due to satellite movement is a big challenge for the specification requirement. 
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Observation 8.1: For NTN, from the point of view of frequency offset requirement of 0.1ppm, doppler drift comparing is not a big issue.
Observation 8.2: For NTN, from the point of view of  timing drift requirement of 29 Ts, timing drift due to satellite movement is a big challenge for the specification requirement. 
Proposal 8: For PUSCH DMRS bundling enhancement in NTN, timing drift due to satellite movement should be considered.



3. Conclusions

Observation 1: From RAN1 specification point of view, PUCCH transmission indicated by a DCI format 1_0 with CRC scrambled by TC-RNTI is more precisely corresponding to the PUCCH for Msg4 HARQ-ACK. But it should not preclude enhancement measures on PUCCH transmission using cell-specific PUCCH resource configuration ,etc.
Proposal 1: For the terminology regarding PUCCH for Msg4 HARQ-ACK, we may keep it as it is and discuss specific procedure to perform repetition firstly.
Observation 2: The cell-specific manner for PUCCH repetition can be similar to that of UE specific manner.
Proposal 2.1: For the procedure to perform repetition for PUCCH for Msg4 HARQ-ACK, it can be taken as the baseline that UE always perform repetition if configured in cell-specific manner. 
Proposal 2.2: For PUCCH for Msg4 HARQ-ACK, a UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, if  is provided by nrofSlots, which is a cell-specific parameter configured in a cell-specific RRC information element, for instance, PUCCH-ConfigCommon.
Observation 3.1: The difference of free space path loss between 30 deg elevation and 90 deg elevation is 4.4dB for LEO-1200 and and 5.1dB for LEO-600. 
Observation 3.2: Different repetition factor might be required to have a good match with different path loss. 
Observation 3.3: Network would configure the repetition factor in a conservative way, i.e. use a relatively large repetition factor to cover the case of low elevation angle/large path loss. It is simple for specification and procedure, but inefficient for PUCCH resource. 
Observation 3.4: UE specific/dynamic indication for PUCCH repetition could be more efficient from the point of view of PUCCH resource. But in reality, UE might request larger/largest repetition number in order to get better/best link performance for itself, regardless of the goal of network resource efficiency. And this kind of behavior might be difficult to be restricted by specification. 
Observation 3.5: UE specific/dynamic indication for PUCCH repetition needs UE report of its position/elevation angle or UE request on repetition number in uplink, and UE specific indication from the network in downlink (e.g. more information in DCI). This is more inefficient from the point of view of signaling, comparing with the cell-specific indication/configuration manner.  
Proposal 3: For UE specific/dynamic indication for repetition of PUCCH for Msg4 HARQ-ACK, lower efficiency (than the cell specific manner) from the point of view of uplink and downlink signaling, and possibly lower efficiency (than the theoretical model) in PUCCH resource due to UE’s abuse (possibly) on PUCCH resource in reality through UE request repetition should be considered and discussed further.
Observation 4: For PUCCH for Msg4 HARQ-ACK, our simulation shows that when repetition number is 8, the required SNR is about -7.4dB @ 1% ACK miss. Compared to the CNR value of -8.1dB for LEO-1200 with elevation angle of 30deg and UE antenna gain of -5.5dBi, there are a gap of 0.7dB. Therefore, repetition 8 may not be adequate.
Proposal 4: For PUCCH for Msg4 HARQ-ACK,  support larger number of transmission beyond 8.
Observation 5.1: If repetition of PUCCH is configured in cell-specific manner, single PUCCH transmission can be explicitly configured/indicated or implicitly configured/indicated by not configuring RRC parameter for PUCCH repetition. The implicit way is similar to the existing manner for UE dedicated PUCCH. It can save signaling cost. 
Proposal 5.1: If repetition of PUCCH is configured in cell-specific manner, single PUCCH transmission can be explicitly configured/indicated, or implicitly configured/indicated by not configuring RRC parameter for PUCCH repetition. The implicit way is better.
Observation 5.2: If repetition of PUCCH for Msg4 HARQ ACK is indicated in dynamic manner, single PUCCH transmission can be explicitly indicated  in the DCI format 1_0 with CRC scrambled by TC-RNTI, or implicitly indicated by not  including repetition number in the DCI format 1_0 with CRC scrambled by TC-RNTI. The implicit way is similar to that of UE dedicated PUCCH in the existing specification. It can save signaling cost. But complexity for DCI detection may increase. 
Proposal 5.2: If repetition of PUCCH for Msg4 HARQ ACK is indicated in dynamic manner, single PUCCH transmission can be explicitly indicated  in the DCI format 1_0 with CRC scrambled by TC-RNTI, or implicitly indicated by not including repetition number in the DCI format 1_0 with CRC scrambled by TC-RNTI. 
Proposal 6: If multiple repetition of PUCCH is configured in cell-specific manner, for behavior of UE being incapable of repetition, down-select from the following options:
Option 1: UE performs single PUCCH transmission.
Option 2: UE does not perform the PUCCH transmission.
Observation 7.1: For NTN scenario, intra-slot FH has negative effect on the performance of PUCCH for HARQ-ACK. In our simulation when the repetition factor is 8, the negative gain of intra-slot FH is about -0.75dB.
Observation 7.2: For NTN scenario, intra-slot FH has negative effect on the performance of repetition transmission, because phase continuity is destroyed by intra-slot FH in every half a slot, which is bad for channel estimation. The effect is more significant when SNR is lower.
Observation 7.3:  For repetition transmission, one way to obtain the benefit of frequency hopping without bring much negative effect to channel estimation is to perform inter-slot FH instead of intra-slot FH.
Proposal 7.1: For NTN, support disabling intra-slot FH.
Proposal 7.2: For NTN, support inter-slot FH for PUCCH for Msg4 HARQ-ACK.
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9.26 PUCCH repetition procedure

A UE can be indicated to transmit a PUCCH over Nicey slots using a PUCCH resource, where

- ifthe PUCCH resource is indicated by a DCI format and includes pucch-RepetitionNrofSlots, N;.‘U”:;‘"
provided by pucch-RepetitionNrofSlots

- otherwise, Npheey is provided by nrofSlots
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nrofSlots
Number of slots with the same PUCCH. When the field is absent the UE applies the value n1. The field is not applicable for format 2. See TS 38.213 [13], clause 9.2.6.
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For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.

o 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.

o FFS: whether larger number of transmissions is supported

o FFS: whether/how single PUCCH transmission can be configured and/or indicated
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For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.

o 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.

o FFS: whether larger number of transmissions is supported

o FFS: whether/how single PUCCH transmission can be configured and/or indicated
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For PUCCH repetition for Msg4 HARQ-ACK,
o Discuss the following options of procedure to perform repetitions
o 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
o 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
o Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
o How UE indicates repetition capability before Msg4
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PUCCH-ConfigCommon ::=
pucch-ResourceCommon
pucch-GroupHopping
hoppingId
p0-nominal
rc
NrofPRBs
intra-SlotFH-rl7

SEQUENCE {

INTEGER (0..15)

ENUMERATED { neither, enable, disable },
INTEGER (0..1023)

INTEGER (-202..24)

INTEGER (1..16)
ENUMERATED {fromLowerEdge, fromUpperEdge}

pucch-ResourceCommon-RedCap-rl7 INTEGER (0..15)

pucch-ResourceConfig-RedCap-r17

1

ENUMERATED {n2, n3, n4, né, n8, n9, nlo,

OP1
OP'

OPT

n12}
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Agreement
For PUCCH for Msg4 HARQ-ACK,
o Support PUCCH repetition
o 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
o Further study whether to enhance or support the following
- Frequency hopping
- DMRS bundling
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Proposal 1-1_v2 (for conclusion)
For coverage enhancement of PUCCH for Msg4 HARQ-ACK,
¢ Down-select from the following options
o Option 1: RANI discuss PUCCH transmission when dedicated PUCCH resource
configuration is not provided
© Option 2: RANI discuss PUCCH transmission when PUCCH resource is indicated by a
DCI format 1_0 with CRC scrambled by TC-RNTL

o Option 3: No need to discuss terminology. For each proposal, ‘PUCCH for Msg4
HARQ-ACK’ should be used
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[ PUCCH for Msg4 HARQ-ACK

PUCCH with resource
indicated by DC1 format 1_0
with CRC scrambled by
TC_RNTI

PUCCH with cell specific
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