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The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #98e meeting [2].

In the NR NTN work item, one of the RAN1 objectives is coverage enhancement. In RAN1 #111 meeting, there are some progresses made for NR NTN uplink channel coverage enhancement [3], [4]. 

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

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

In this contribution, we provide our views on the enhancements of PUCCH for Msg4 HARQ-ACK and DMRS bundling for PUSCH for NR NTN.
Discussion
PUCCH repetition for Msg4 HARQ-ACK
High level procedure
For PUCCH repetition for Msg4 HARQ-ACK, the problem of semi-static repetition indication or dynamic repetition indication was discussed extensively. It was working assumption that if a single repetition factor is configured via SIB, then semi-static repetition indication is applied; while if multiple repetition factors are configured via SIB, then dynamic repetition indication is applied. 

In both semi-static repetition indication and dynamic repetition indication, it is open whether UE requests repetition or indicates repetition capability.

In our view, it is necessary for a UE to report its repetition capability to network. For a UE without repetition capability, network does not need to allocate multiple PUCCH resources for Msg4 HARQ-ACK, largely saving PUCCH resources.

Also in NR NTN, the large satellite beam footprint implies that UEs in the coverage of the same satellite have quite various channel conditions. The PUCCH repetition for Msg4 HARQ-ACK is needed for a UE with poor channel condition, while it is unnecessary for another UE with good channel condition. A UE may determine the need of PUCCH repetition for Msg4 HARQ-ACK, based on its RSRP measurement on downlink pathloss reference. 

Overall, we think it is necessary for a UE to request PUCCH repetition if it has the repetition capability and determines the need of PUCCH repetition. If a UE does not have the PUCCH repetition capability or it does not determine the need of PUCCH repetition, the UE does not request PUCCH repetition.

Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK, a UE requests PUCCH repetition if it has the repetition capability and determines the need of PUCCH repetition. Otherwise, a UE does not request PUCCH repetition.

For a UE requesting PUCCH repetition, if there are multiple repetition factors configured via SIB, then network needs to dynamically indicate which one of the configured repetition factors is to be used. Subsequently, the UE applies the indicated repetition factor for its PUCCH transmission for Msg4 HARQ-ACK. If there is a single repetition factor configured via SIB, then the UE autonomously applies the default configured repetition factor for its PUCCH transmission for Msg4 HARQ-ACK. 

For a UE not requesting PUCCH repetition, it does not apply PUCCH repetition for Msg4 HARQ-ACK. 

Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK, 
· if a UE requests PUCCH repetition, then 
· it is indicated by network one of the configured repetition factors in case of multiple repetition factors configured via SIB, or 
· it applies the default configured repetition factor in case of a single repetition factor configured via SIB,
· if a UE does not request PUCCH repetition, then it does not apply PUCCH repetition.

PUCCH repetition request
In Rel-17 NR coverage enhancement, Type A PUSCH repetitions for Msg3 was introduced. A UE determines Msg3 PUSCH repetition is needed when the RSRP of the downlink pathloss reference is lower than an RSRP threshold. 

We think the similar triggering procedure for PUSCH repetitions for Msg3 could be applied to PUCCH for Msg4 HARQ-ACK. Specifically, a UE determines the need of PUCCH repetition for Msg4 HARQ-ACK when its measured SSB RSRP is lower than an RSRP threshold.

Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, a UE determines the need of PUCCH repetition if its SSB RSRP measurement is below a threshold. 

The signaling of UE transmitting PUCCH repetition request was discussed in RAN1 #111 meeting [4]. Two options were identified, where Option A is based on PRACH preamble and/or occasion and Option B is based on Msg3 PUSCH. 

In Rel-17 NR coverage enhancement, to request Msg3 PUSCH repetition, a UE uses separate PRACH preamble in a shared RACH occasion configured by the same PRACH configuration index with legacy UEs. Similarly, to request PUCCH repetition for Msg4 HARQ-ACK, a UE transmits a dedicated PRACH preamble on a shared RACH occasion or transmit PRACH on a dedicated RACH occasion. Hence, we prefer Option A. 

On the other hand, it is unclear how Msg 3 PUSCH can be used to deliver the PUCCH repetition request information. First, we do not think high layer signaling of Msg3 should be changed for this purpose. Second, using a dedicated scrambling to Msg 3 PUSCH or using a dedicated DMRS port for Msg 3 PUSCH has significant specification impact and increases network detection complexity.

Proposal 4: Request of PUCCH repetition for Msg4 HARQ-ACK is transmitted by a dedicated PRACH preamble transmission on a shared RACH occasion or by transmitting preamble on a dedicated RACH occasion. 

For Option A using dedicated PRACH preamble and/or occasion to deliver the PUCCH repetition requestion information, there is a concern that additional PRACH resources segmentation results in higher PRACH collision probability. It is open whether and how to avoid fragmentation of PRACH resources. 

To avoid further fragmentation of PRACH resources, we think the same set of PRACH resources can be allocated for both PUCCH repetition request for Msg4 HARQ-ACK and PUSCH repetition request for Msg3. In this way, a dedicated PRACH preamble transmission on a shared RACH occasion or a preamble transmission on a dedicated RACH occasion will simultaneously request for PUCCH repetition for Msg4 HARQ-ACK and PUSCH repetition for Msg3. This design principle is reasonable since the similar channel condition is expected for Msg3 PUSCH transmission and Msg4 HARQ-ACK transmission. For a poor channel condition, both PUCCH repetition for Msg4 HARQ-ACK and PUSCH repetition for Msg3 PUSCH will enhance the coverage of uplink channels.

It was agreed that a UE determines to trigger PUSCH repetition for Msg3 if its measured SSB RSRP result is lower than a RSRP threshold (i.e., rsrp-ThresholdMsg3). To support the simultaneous request of PUCCH repetition for Msg4 HARQ-ACK and PUSCH repetition for Msg3, the same RSRP threshold is used in determining the need of PUCCH repetition for Msg4 HARQ-ACK.
Proposal 5: To avoid further fragmentation of PRACH resources, support simultaneous request of PUCCH repetition for Msg4 HARQ-ACK and PUSCH repetition for Msg3.
· The same RSRP threshold is used in determining the need of PUCCH repetition for Msg4 HARQ-ACK and the need of PUSCH repetition for Msg3. 

PUCCH repetition indication
Once a gNB receives a UE’s request for PUCCH repetition for Msg4 HARQ-ACK, it decides whether to schedule PUCCH repetition for Msg4 HARQ-ACK, as well as how many PUCCH repetitions are applied. 

There are several alternatives to support this dynamic indication of PUCCH repetition for Msg4 HARQ-ACK.

In the first alternative, the predefined table of cell-specific PUCCH resource sets (i.e., Table 9.2.1-1 in [4]) are reused for NTN. Here, we may either use the existing parameter pucch-ResourceCommon configured in PUCCH-ConfigCommon to indicate the PUCCH resource set, or introduce a new parameter (e.g., pucch-ResourceCommonNTN) to indicate the NTN specific PUCCH resource set. The DCI 1_0 for Msg4 PDSCH indicates not only the PUCCH resource via the field of PUCCH resource indicator (PRI), but also the number of repetitions of PUCCH for Msg4 HARQ-ACK. The PRI in DCI 1_0, together with the number of CCEs in a CORESET of a PDCCH reception, is used to determine the PUCCH resource index (i.e., ) in a configured PUCCH resource set within a single slot. Then the number of repetitions indicated in DCI 1_0 is used to extend the PUCCH resources to multiple slots. 

In the second alternative, the predefined table of cell-specific PUCCH resource sets are modified with an additional column to provide the number of repetitions information for each PUCCH resource set. Again, we may either use the existing parameter pucch-ResourceCommon to indicate the PUCCH resource set or introduce a new parameter to indicate the NTN specific PUCCH resource set. In this way, the DCI 1_0 for Msg4 PDSCH only needs to indicate the PUCCH resource via PRI, rather than additionally indicate the number of repetitions of PUCCH for Msg4 PDSCH. There is no specification change on DCI 1_0. 

In the third alternative, a new table of cell-specific PUCCH resource sets are introduced for NTN. This new table includes a column of the number of repetitions for each PUCCH resource set. Subsequently, we need to configure a new parameter in PUCCH-ConfigCommon to indicate the NTN-specific PUCCH resource set. 

We can further consider among these alternatives. 

Proposal 6: Consider the following two alternatives of indicating PUCCH resources in supporting of PUCCH repetitions for Msg4 HARQ-ACK:  
· Alternative 1: Reuse the predefined table of cell-specific PUCCH resource sets and indicate the number of PUCCH repetitions via DCI 1_0 for Msg4.
· Alternative 2: Update the predefined table of cell-specific PUCCH resource sets by associating each PUCCH resource set with a repetition number.
· Alternative 3: Create a new table of cell-specific PUCCH resource sets for NTN by associating each PUCCH resource set with a repetition number.  

Within Alternative 1 and Alternative 2, it is preferred to configure an NTN specific PUCCH resource set, separate from the configured PUCCH resource set for terrestrial network to avoid the impacts on legacy UE Msg4 HARQ feedback.

Proposal 7: Support a separate configuration of PUCCH resource set for NTN. 

For Alternative 1, it is open how to indicate the number of PUCCH repetition in DCI 1_0 for Msg4 PDSCH. In DCI 1_0 with CRC scrambled by TC-RNTI, there is a field of “ChannelAccess-CPext” which is valid for NR-U. We think the similar mechanism could be applied to NR NTN. Here, we could introduce a new field of “Msg4 PUCCH repetition number” in DCI 1_0 with CRC scrambled by TC-RNTI. This field is a valid only when operating in NTN band. 

Proposal 8: For PUCCH repetition for Msg4 HARQ-ACK, if the number of PUCCH repetitions is indicated via DCI 1_0 for Msg4, then introduce a new field (e.g., “Msg4 PUCCH repetition number”) in DCI 1_0 with CRC scrambled by TC-RNTI. This field is valid only when operating in NTN band.

Inter-slot frequency hopping and DMRS bundling
Besides the configuration of PUCCH repetition number, the frequency hopping mode can also be configured in the cell-specific PUCCH configuration. This includes whether inter-slot frequency hopping is supported and the corresponding frequency hopping offset. 

In Rel-17 NR coverage enhancement, DMRS bundling across PUCCH repetition is supported. DMRS bundling is used in joint channel estimation, which could largely enhance the coverage of PUCCH especially at low SNR situation. The restrictions for DMRS bundling include no change of modulation order, RB allocation, transmission power and phase continuity over the slots of PUCCH repetition. In DMRS bundling for PUCCH, a time domain window (TDW) is configured, within which a UE is expected to maintain power consistency and phase continuity. 

In case PUCCH repetition for Msg4 HARQ-ACK is supported, the DMRS bundling over PUCCH repetition should also be supported, to further enhance the coverage of PUCCH for Msg4 HARQ-ACK via joint channel estimation over the slots of PUCCH repetition. 

Proposal 9: Support inter-slot frequency hopping and DMRS bundling for the repetition of PUCCH for Msg4 HARQ-ACK.

DMRS bundling for PUSCH
According to updated WID [2], RAN1 is to specify the necessary enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation).

The DMRS bundling for PUSCH was introduced in Rel-17 NR coverage enhancement, to enable the joint channel estimation at gNB side. To achieve this purpose, UE is expected to maintain power consistency and phase continuity among a time duration window (TDW). This TDW is upper bounded by the maximum duration during which UE is able to maintain power consistency and phase continuity. A UE should not perform time and frequency update during this TDW.

Observation 1: UE is not allowed to perform time and frequency update during a TDW for DMRS bundling. Any time and frequency update breaks phase continuity which is required in a TDW for DMRS bundling.

In NR NTN, UE needs to apply time and frequency pre-compensation for each uplink transmission to achieve the uplink synchronization. The pre-compensated timing advance (TA) value is determined by both open loop and closed loop TA control. The open loop includes both UE self-estimated TA and network-controlled common TA, and the closed loop is based on the TA command from network.

Phase difference due to timing drift and doppler shift needs to be examined. Table 6.4.2.5-1 of [5] specifies the maximum allowable phase difference for DMRS bundling. 
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The phase difference between slot  and slot  is upper bounded by 30 degrees. For sampling frequency of 180, 360 or 720 kHz, the timing drift amount is upper bounded by 0.463, 0.231 or 0.116 , respectively to meet the 30 degrees phase difference requirement. If the timing drift rate is 24 ppm (cf. [6]), then the continuous transmission duration to reach the above timing drift limits should be less than 19, 10 or 5 ms, respectively. Note that the maximum number of PUSCH repetitions for VoIP is 20 due to its latency requirement. Hence, it is possible that the phase difference between initial PUSCH at slot 0 and last PUSCH transmission at slot 19 will cause the phase difference larger than 30 degrees. 

Observation 2: If an NTN UE does not perform time and frequency update within a period of 20 slots, the UE likely breaks the requirement of maximum allowable phase difference for DMRS bundling due to a large timing drift rate in NTN. 

Based on observation 1 and observation 2, we conclude that under a given timing drift rate in NTN, the TDW size for DMRS bundling should be upper bounded such that the requirement of maximum allowable phase difference for DMRS bundling (as in Table 6.4.2.5-1 of [5]) is satisfied. 

Proposal 10: Under a given timing drift rate in NTN, the TDW size for DMRS bundling is upper bounded such that the requirement of maximum allowable phase difference for DMRS bundling is satisfied. 

Overall, to support joint channel estimation, a UE needs to maintain its time and frequency value unchanged across a segment of PUSCH repetitions, irrespective of the actual time and frequency value to be pre-compensated.

This mechanism is similar to uplink segmented transmission introduced in Rel-17 IoT NTN. In IoT NTN, a UE does not adjust its TA value and frequency offset value within an uplink segmented transmission duration. 

In this case, the uplink PUSCH segment duration is considered in the DMRS bundling TDW configuration, i.e., TDW size is no larger than uplink PUSCH segment duration.

Proposal 11: The IoT NTN PUSCH segmented transmission mechanism is applied in case of PUSCH DMRS bundling. 

In IoT NTN, the PUSCH segmented transmission duration is indicated by SIB or dedicated RRC signaling. The similar signaling scheme for PUSCH segmented transmission duration can be applied to NR NTN for the case of PUSCH DMRS bundling. Alternatively, the uplink segmented transmission duration is configured together with the configuration of PUSCH DMRS bundling (i.e., in IE of DMRS-bundlingPUSCH-Config), since the former is mainly for the DMRS bundling purpose in NR NTN. The unit of PUSCH segmented transmission duration is slot. 

Proposal 12: The PUSCH segmented transmission duration is configured by the network and indicated by SIB or dedicated RRC signaling with the unit of slot. 

If the PUSCH segmented transmission duration is separately configured from the configuration of PUSCH DMRS bundling, then the nominal TDW size of PUSCH DMRS bundling (if configured) is upper bounded by the PUSCH segmented transmission duration. 

Proposal 13: The nominal TDW size of PUSCH DMRS bundling (if configured) is upper bounded by the PUSCH segmented transmission duration. 

If the nominal TDW size of PUSCH DMRS bundling is not configured, then the actual TDW size is equal to the minimum of maximum duration reported by UE, PUSCH segmented transmission duration, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling. 

Proposal 14: If the nominal TDW size of PUSCH DMRS bundling is not configured, then the actual TDW size is equal to the minimum of maximum duration reported by UE, PUSCH segmented transmission duration, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling.

Conclusion
In this contribution, we provided our views on coverage enhancement for NR NTN. Our proposals and observations are as follows:

Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK, a UE requests PUCCH repetition if it has the repetition capability and determines the need of PUCCH repetition. Otherwise, a UE does not request PUCCH repetition.

Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK, 
· if a UE requests PUCCH repetition, then 
· it is indicated by network one of the configured repetition factors in case of multiple repetition factors configured via SIB, or 
· it applies the default configured repetition factor in case of a single repetition factor configured via SIB,
· if a UE does not request PUCCH repetition, then it does not apply PUCCH repetition.

Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, a UE determines the need of PUCCH repetition if its SSB RSRP measurement is below a threshold. 

Proposal 4: Request of PUCCH repetition for Msg4 HARQ-ACK is transmitted by a dedicated PRACH preamble transmission on a shared RACH occasion or by transmitting preamble on a dedicated RACH occasion. 

Proposal 5: To avoid further fragmentation of PRACH resources, support simultaneous request of PUCCH repetition for Msg4 HARQ-ACK and PUSCH repetition for Msg3.
· The same RSRP threshold is used in determining the need of PUCCH repetition for Msg4 HARQ-ACK and the need of PUSCH repetition for Msg3. 

Proposal 6: Consider the following two alternatives of indicating PUCCH resources in supporting of PUCCH repetitions for Msg4 HARQ-ACK:  
· Alternative 1: Reuse the predefined table of cell-specific PUCCH resource sets and indicate the number of PUCCH repetitions via DCI 1_0 for Msg4.
· Alternative 2: Update the predefined table of cell-specific PUCCH resource sets by associating each PUCCH resource set with a repetition number.
· Alternative 3: Create a new table of cell-specific PUCCH resource sets for NTN by associating each PUCCH resource set with a repetition number.  

Proposal 7: Support a separate configuration of PUCCH resource set for NTN.

Proposal 8: For PUCCH repetition for Msg4 HARQ-ACK, if the number of PUCCH repetitions is indicated via DCI 1_0 for Msg4, then introduce a new field (e.g., “Msg4 PUCCH repetition number”) in DCI 1_0 with CRC scrambled by TC-RNTI. This field is valid only when operating in NTN band.

Proposal 9: Support inter-slot frequency hopping and DMRS bundling for the repetition of PUCCH for Msg4 HARQ-ACK.

Observation 1: UE is not allowed to perform time and frequency update during a TDW for DMRS bundling. Any time and frequency update breaks phase continuity which is required in a TDW for DMRS bundling.

Observation 2: If an NTN UE does not perform time and frequency update within a period of 20 slots, the UE likely breaks the requirement of maximum allowable phase difference for DMRS bundling due to a large timing drift rate in NTN. 

Proposal 10: Under a given timing drift rate in NTN, the TDW size for DMRS bundling is upper bounded such that the requirement of maximum allowable phase difference for DMRS bundling is satisfied. 

Proposal 11: The IoT NTN PUSCH segmented transmission mechanism is applied in case of PUSCH DMRS bundling. 

Proposal 12: The PUSCH segmented transmission duration is configured by the network and indicated by SIB or dedicated RRC signaling with the unit of slot. 

Proposal 13: The nominal TDW size of PUSCH DMRS bundling (if configured) is upper bounded by the PUSCH segmented transmission duration. 

Proposal 14: If the nominal TDW size of PUSCH DMRS bundling is not configured, then the actual TDW size is equal to the minimum of maximum duration reported by UE, PUSCH segmented transmission duration, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling.
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Table 6.4.2.5-1: Maximum allowable phase difference for DMRS bundling

UL channel Modulation order Phase difference between Phase difference between
any slot p-1 and slot p slot 0 and any slot p
(NOTE 2) (NOTE 3)
PUSCH Pi/2 BPSK, QPSK [25] degrees [30] degrees
PUCCH Pi/2 BPSK, BPSK, QPSK

NOTE 1: The UE capability of the length of maximum duration refers to the maximum time duration during which UE is_

TS 38.214 in between.
NOTE 2: This requirement applies for FDD and TDD bands, for supported DMRS bundling configurations < 8 slots.
NOTE 3: This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.





