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1. Introduction
In RAN1 #111 meeting, the following agreements and conclusion were made for coverage enhancement of NR NTN WI as in [1]:
	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

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 these conclusions, the WID for Rel-18 NR NTN enhancement was updated in RAN #98-e meeting [2], and the following objectives are relevant to coverage enhancement.
	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 polarization 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]


In this contribution, we discuss on the PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for Rel-18 NR NTN enhancement.

2. Discussion
PUCCH enhancement for Msg4 HARQ-ACK 
RAN1 agreed to support the PUCCH repetition for Msg4 HARQ-ACK in RAN1 #110b-e meeting. However, in order for the UE to perform PUCCH repetition, it is necessary to provide the repetition factor to the UE. Therefore, as a next step, RAN1 need to discuss how to provide the repetition factor of PUCCH for Msg4 HARQ-ACK. As one option, it can be considered to provide a cell-specific repetition factor to the UE via SIB. Although this option is the simplest way, but because each UE may have different channel environments, it may not be efficient to provide cell-specific repetition factor in terms of network resource management.
As another option, it can be considered that gNB can provide the set of repetition factors via SIB, and the exact repetition factor can be configured by another indication field. Here, the indication field may be a specific DCI field of DCI format 1_0 that schedules Msg4 PDSCH, or may be included in the Msg4 PDSCH itself.
Moreover, it can be also considered that the repetition factor of PUCCH for Msg4 HARQ-ACK can be provided simultaneously via an indication field that provides the repetition factor of Msg3 PUSCH. In this case, the repetition factors of PUCCH for Msg4 HARQ-ACK may be set independently of the repetition factors of Msg3 PUSCH, and it may be considered to pair each repetition factor so that gNB can provide each repetition factor using a single indication field.

Proposal 1. Repetition factor(s) of PUCCH for Msg4 HARQ-ACK is provided via SIB and following options can be considered.
· Option 1: Cell specific single value of repetition factor can be provided via SIB.
· The value is one of {2, 4, 8}
· Option 2: Set of repetition factors is provided via SIB, and exact repetition factor can be configured by another indication field (e.g., DCI).
· The value is one of {1, 2, 4, 8}

In RAN1 #111 meeting, a working assumption was made on how to configure the PUCCH repetition factors as captured above. Regarding to the second last FFS point of the working assumption, the UE behavior when repetition factor is not configured via SIB can be further discussed. In general, since the PUCCH repetition scheme is an optional feature, so the PUCCH repetition is desirable to operate when additional signaling (e.g., one or multiple repetition factor(s)) is provided via SIB. In other words, if additional signaling for PUCCH repetition is not provided via SIB, transmitting a single PUCCH (i.e., legacy UE behavior) is the simplest and the most natural UE behavior. Therefore, we propose that if the PUCCH repetition factor is not configured via SIB, the UE shall determine the repetition factor as 1 (i.e., a single PUCCH transmission).

Proposal 2. If the repetition factor is not configured via SIB, the UE shall determine the repetition factor as 1 (i.e., a single PUCCH transmission).

In addition, in the Option 2 of Proposal 1, multiple repetition factors would be simultaneously supported in a specific cell. Here, gNB should allocate PUCCH resources that may be used by each repetition factor. So, if the legacy behavior is reused without any changes, the PRB location based on PRB offset (Table 9.2.1-1 in TS38.213 [3]) must be applied equally regardless of the repetition factor. Thus, gNB is forced to allocate resources for PUCCH repetition using different time domain resources (because sequence domain resources are limited), resulting in an increase in the average time delay of UEs in the cell.
Therefore, in order to handle this issue, if multiple repetition factors are simultaneously supported in a specific cell, additional PRB offsets can be considered for each PUCCH repetition factors. To be specific, the additional PRB offsets can be configured by gNB, or can be predefined for each repetition factors in specification.

Proposal 3. Additional PRB offsets can be supported for each PUCCH repetition factors for Msg4 HARQ-ACK.

In RAN1 #110b-e meeting, the terminology of PUCCH for Msg4 HARQ-ACK was discussed. During the meeting, FL tried to clarify the terminology ‘enhancement of PUCCH for Msg4 HARQ-ACK’ as ‘enhancement of PUCCH to be used when dedicated PUCCH resource configuration is not provided’. But some companies argued that there is no need to clarify the terminology because the PUCCH resource sets in the Table 9.2.1-1 in TS38.213 [3] are not used only for Msg4 HARQ-ACK, but also for PDSCH received before acquiring the dedicated PUCCH resource sets.
However, if the PUCCH repetition is only supported for Msg4 HARQ-ACK, and is not supported for PDSCHs received before acquiring the dedicated PUCCH resource sets, the PUCCH for Msg4 HARQ-ACK may be received well, but the PUCCH for other PDSCHs may not be received well at the gNB. After all, we don’t think it is a desirable UE/gNB behavior.
In summary, it is necessary to clarify the terminology of PUCCH repetition for Msg4 HARQ-ACK, and we prefer to clarify the terminology ‘enhancement of PUCCH for Msg4 HARQ-ACK’ as ‘enhancement of PUCCH resource sets to be used when dedicated PUCCH resource configuration is not provided’.

Proposal 4. For coverage enhancement of PUCCH for Msg4 HARQ-ACK, RAN1 discuss enhancement for PUCCH to be used when dedicated PUCCH resource configuration is not provided.

Moreover, regarding the PUCCH resource sets in Table 9.2.1-1 in TS38.213, the PUCCH format 1 with 14 OFDM symbols was considered as an enhancement target of PUCCH for Msg4 HARQ-ACK. Furthermore, if PUCCH format 0, PUCCH format 1 with 4 OFDM symbols, or PUCCH format 1 with 10 OFDM symbols are considered for PUCCH repetition, additional specification works may be required, e.g., defining additional starting OFDM symbol indexes for each PUCCH format. To be specific, Figure 1 shows an example of introducing additional starting OFDM symbol indexes for PUCCH format 1 with 4 OFDM symbols when repetition factor is 8. In this example, we assume that OFDM symbol index 2 and index 6 are additional starting OFDM symbol indexes for PUCCH format 1 with 4 OFDM symbols.



Figure 1. Example of multiple PUCCH transmissions using PUCCH format 1 with 4 OFDM symbols

So, to avoid doing this additional specification works, if the PUCCH repetition for Msg4 HARQ-ACK is supported in Rel-18 NR NTN, the higher layer parameter “pucch-ResourceCommon” should indicate one of the indexes consisting of PUCCH format 1 with 14 OFDM symbols (i.e., from index 11 to 15) among 16 indexes in Table 9.2.1-1 in TS38.213. In other words, the NTN UE expects that the higher layer parameter "pucch-ResourceCommon" to indicate one of indexes 11 to 15 in Table 9.2.1-1 in TS38.213, if the PUCCH repetition for Msg4 HARQ-ACK is configured.

Proposal 5. The NTN UE expects the parameter "pucch-ResourceCommon" to indicate one of indexes 11 to 15 in Table 9.2.1-1 in TS38.213, if the PUCCH repetition for Msg4 HARQ-ACK is configured.

Alternatively, it is possible to consider introducing a new table consisting only of PUCCH format 1 with 14 OFDM symbols for Rel-18 NR NTN UE. For example, it is possible to consider creating a new table consisting of 8 indexes by adding 3 new indexes to the existing indexes 11-15 in Table 9.2.1-1 in TS38.213. Or, it is also possible to consider creating a new table consisting of 16 indexes by adding 11 new indexes to the existing indexes 11-15 in Table 9.2.1-1 in TS38.213. If this new table is introduced, it is also necessary to determine which legacy or new table the UE should refer to.

Proposal 6. It is possible to consider creating a new PUCCH resource set table consisting only of PUCCH format 1 with 14 OFDM symbols for Rel-18 NR NTN UE.

In RAN1 #110b-e meeting, frequency hopping of PUCCH repetition for Msg4 HARQ-ACK was discussed. Because it is advantageous in terms of frequency diversity, the inter-slot frequency hopping was introduced in Msg3 PUSCH repetition in Rel-17 NR CE. Similarly, we think it is desirable that inter-slot frequency hopping is supported for PUCCH repetition for Msg4 HARQ-ACK. Therefore, it is possible to consider introducing additional higher layer parameter to indicate enabling/disabling the inter-slot frequency hopping for PUCCH repetition for Msg4 HARQ-ACK.

Proposal 7. Introduce higher payer parameter to indicate the inter-slot frequency hopping for PUCCH repetition for Msg4 HARQ-ACK.

In addition, if the inter-slot frequency hopping is supported and enabled, RAN1 need to further discuss on which slots are applied. As one option, it can be considered that inter-slot frequency hopping operates between the first half slots and the last half slots of the total PUCCH repetition slots. As another option, it can be considered that inter-slot frequency hopping operates between even-numbered slots and odd-numbered slots of the total PUCCH repetition slots.

Proposal 8. Further discuss on which slots are applied if the inter-slot frequency hopping for PUCCH repetition for Msg4 HARQ-ACK is enabled.
· Option 1: Operates between the first half slots and the last half slots
· Option 2: Operates between even-numbered slots and odd-numbered slots

DMRS bundling for PUSCH
The repetition and DMRS bundling were considered as key features for PUSCH to meet the coverage requirement under NTN environment. From RAN1 #110b-e meeting, DMRS bundling for PUSCH has been discussed and it was concluded that further discussion is necessary for following two aspects: 1) phase difference due to timing drift and/or Doppler shift and 2) an event which causes power consistency and phase continuity.

According to TS 38.101-1, UE needs to maintain phase differences within 25 degrees between two consecutive repetitions during the DMRS bundling window less than 8 slots. Since phase consistency can suffer from carrier frequency noise and timing drift, it should be carefully investigated with the consideration of NTN environment. In NTN environment, uplink timing should be adjusted according to the movement of UE and satellite, however, for DMRS bundling, TA adjustment may be limited due to maintaining phase continuity. This would make additional timing drifts comparing to TN UE, so it becomes more difficult for UE to maintain phase during DMRS bundling window. 
Therefore, it may be necessary to introduce new UE capabilities for the NTN environment, distinct from the current UE capabilities for DMRS bundling. As mentioned above, the need for UL power control and TA pre-compensation is relevant to the relative distance/movement between the UE and gNB. Considering this characteristic, introducing DMRS bundling capabilities according to a type of NTN platforms may be considered.
Proposal 9: For DMRS bundling in NTN environment, introduce a new UE capability based on types of NTN platforms.

On the other hand, the fundamental design principle of Rel-17 DMRS bundling can be adopted for NTN environment. However, there could be NTN-specific issues related to TA, as UE shouldn’t change TA and transmit power at least in a DMRS bundling window in order to maintain phase continuity and power consistency. The existing principle of DMRS bundling window, known as TDW, is designed to ensure phase continuity and power consistency. Therefore, it is highly recommended to use same concept to support PUSCH DMRS bundling for NTN environment. 
Proposal 10. Support DMRS bundling for PUSCH coverage enhancement in Rel-18 NR NTN.
· The design of DMRS bundling in Rel-17 CovEnh is a baseline as following:
· UE is expected to maintain its timing advance at least during TDW
· Support keeping total TA, which includes both common TA and UE specific TA, during actual TDW where transmitting PUSCHs across multiple slots  

One approach to maintain TA and UL transmit power would be just to prohibit UE’s pre-compensation during TDW, once TDW is determined by semi-static configuration. However, it could result in performance degradation, especially when significant TA drift is predicted. 

To resolve this kind of pre-compensation issues in NTN, UE may require finer actual TDW up to UE and satellite movement. However, to obtain performance gain from DMRS bundling, it is important to have same determination on actual TDW between UE and gNB. Therefore, if UE changes actual TDW for PUSCH transmission according to TA drift, it should be known for gNB. 
To facilitate this, it could be necessary for UE to indicate / declare TA pre-compensation from UE to the gNB, in order to have same and deterministic TDW structure. 
Since the ephemeris information are given by gNB, each entity can predict critical TA drift based on the ephemeris information. Alternatively, gNB may configure pre-compensation occasion for UE, and UE can perform/indicate pre-compensation only on that occasion. 
Proposal 11: Discuss how UE declare TA pre-compensation from UE to gNB side before the PUSCH transmission if UE will restart actual TDW within configured TDW for PUSCH transmission according to expected TA drift, in order to have same and deterministic TDW structure between UE and gNB.

Otherwise, UE can indicate its TA pre-compensation via DM-RS or separated uplink channel so that gNB knows where the actual TDW ends. For example, UE may use different DMRS sequence for each TDW changes. Or, UE can directly indicate how many PUSCH transmission needs to be combined on piggybacked UCI.
Proposal 12: Discuss how UE indicate TA pre-compensation from UE to the gNB during the PUSCH transmission if UE restarts actual TDW within configured TDW for PUSCH transmission according to TA drift, in order to have same and deterministic TDW structure between UE and gNB.

Other considerable issues
In RAN #97-e meeting, the PRACH enhancements were agreed to be discussed in Rel-18 NR CE WI. After that, if there is NTN-specific issues, it may be discussed in Rel-18 NR NTN enhancement WI. From this point of view, the following issues may be considered for NTN specific PRACH enhancements.

· RACH occasion configuration for low power class UE
In NTN environment, different types of UE (e.g., Handheld, VST, ESIM, etc) are considered. Those UEs would have different UE power class, which means the maximum UE transmit power would different UE by UE. In the RRC-connected state, it may not be an issue since gNB would know UE power headroom and can schedule and power control for those UE. However, it would be an issue during initial access, since a number of UE could be collide in the same RACH occasion with different transmit power capabilities. To mitigate the issue especially for handheld UE like smartphone, it could be considered for gNB to configure set of preamble index or RACH occasion group for different type of UEs. 

Proposal 13. For NTN coverage enhancement, it can be considered to configure exclusive RACH occasion for low power class UE suffering high path loss. 

· The open loop TA enhancement for NTN
In case when it is necessary to modify the open loop TA (e.g., UE specific TA and/or common TA) during repeated transmission of UL signal/channel (e.g., PRACH), one of the following solutions may be considered. First of all, the UL segment introduced in Rel-17 IoT NTN can be considered for Rel-18 NTN. If it is supported, the UE can change the open loop TA at UL segment boundary. In addition, it may be considered to support update period of open loop TA, so that UE specific TA and/or common TA can be updated periodically. 

Proposal 14. It can be discussed whether and how to support handling open loop TA (e.g., UE specific TA and/or common TA) during repeated transmission of UL signal/channel (e.g., PRACH). 

· Polarization loss compensation for NTN
During UL power control, it could be considered to introduce additional power offset based on antenna polarization configuration. If gNB’s antenna polarization is provided to UE, UE can consider gNB’s antenna polarization for UL power control by taking into account of UE’s antenna polarization. By doing so, Polarization loss can be mitigated by increased initial transmit power. It would be beneficial for open-loop power control like PRACH preamble transmission. 

Proposal 15. If antenna polarization configuration of gNB are provided to UE, It can be necessary to discuss how to consider the antenna polarization for open-loop UL power control. 

3. Conclusion
In this contribution, we discussed on the PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for Rel-18 NR NTN enhancement, we have following proposals.

Proposal 1. Repetition factor(s) of PUCCH for Msg4 HARQ-ACK is provided via SIB and following options can be considered.
· Option 1: Cell specific single value of repetition factor can be provided via SIB.
· The value is one of {2, 4, 8}
· Option 2: Set of repetition factors is provided via SIB, and exact repetition factor can be configured by another indication field (e.g., DCI).
· The value is one of {1, 2, 4, 8}

Proposal 2. If the repetition factor is not configured via SIB, the UE shall determine the repetition factor as 1 (i.e., a single PUCCH transmission).

Proposal 3. Additional PRB offsets can be supported for each PUCCH repetition factors for Msg4 HARQ-ACK.

Proposal 4. For coverage enhancement of PUCCH for Msg4 HARQ-ACK, RAN1 discuss enhancement for PUCCH to be used when dedicated PUCCH resource configuration is not provided.

Proposal 5. The NTN UE expects the parameter "pucch-ResourceCommon" to indicate one of indexes 11 to 15 in Table 9.2.1-1 in TS38.213, if the PUCCH repetition for Msg4 HARQ-ACK is configured.

Proposal 6. It is possible to consider creating a new PUCCH resource set table consisting only of PUCCH format 1 with 14 OFDM symbols for Rel-18 NR NTN UE.

Proposal 7. Introduce higher payer parameter to indicate the inter-slot frequency hopping for PUCCH repetition for Msg4 HARQ-ACK.

Proposal 8. Further discuss on which slots are applied if the inter-slot frequency hopping for PUCCH repetition for Msg4 HARQ-ACK is enabled.
· Option 1: Operates between the first half slots and the last half slots
· Option 2: Operates between even-numbered slots and odd-numbered slots

Proposal 9: For DMRS bundling in NTN environment, introduce a new UE capability based on types of NTN platforms.

Proposal 10. Support DMRS bundling for PUSCH coverage enhancement in Rel-18 NR NTN.
· The design of DMRS bundling in Rel-17 CovEnh is a baseline as following:
· UE is expected to maintain its timing advance at least during TDW
· Support keeping total TA, which includes both common TA and UE specific TA, during actual TDW where transmitting PUSCHs across multiple slots  

Proposal 11: Discuss how UE declare TA pre-compensation from UE to gNB side before the PUSCH transmission if UE will restart actual TDW within configured TDW for PUSCH transmission according to expected TA drift, in order to have same and deterministic TDW structure between UE and gNB.

Proposal 12: Discuss how UE indicate TA pre-compensation from UE to the gNB during the PUSCH transmission if UE restarts actual TDW within configured TDW for PUSCH transmission according to TA drift, in order to have same and deterministic TDW structure between UE and gNB.

Proposal 13. For NTN coverage enhancement, it can be considered to configure exclusive RACH occasion for low power class UE suffering high path loss. 

Proposal 14. It can be discussed whether and how to support handling open loop TA (e.g., UE specific TA and/or common TA) during repeated transmission of UL signal/channel (e.g., PRACH). 

Proposal 15. If antenna polarization configuration of gNB are provided to UE, It can be necessary to discuss how to consider the antenna polarization for open-loop UL power control. 
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