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[bookmark: _Ref54129494]Introduction
At RAN#97e, the work item description [1] for Rel-18 was updated. In this work item description, RAN1 is charged with, amongst other things, designing coverage enhancements for NR NTN in the following terms:
	Coverage enhancement

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

The following sentence will be revisited in RAN#99 as part of the DL enhancements discussion:
“The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.” No work on this topic will take place in RAN WGs before the discussion on DL enhancements in RAN#99.

The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.


 The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]

Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals
[bookmark: _Hlk90207880]The following items are shown as examples of areas to consider in the RAN2 study.

· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

[bookmark: _Hlk86407239]RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be further updated.




[bookmark: _Hlk63428477]In this contribution, we discuss some techniques that can be applied to NTN networks for coverage enhancement 
DMRS bundling for PUSCH
DMRS bundling enhancement has been discussed in RAN1#110bis-e, where the following agreement has been made [2]:
[image: ]
DMRS bundling was introduced in Rel-17 for coverage enhancement to support joint channel estimation (JCE) on the network side. The UE is required to maintain a constant phase and amplitude within each DMRS bundle, and corresponding requirements have been introduced in RAN4. For information, the RAN4 requirement on FR1 in 38.101-1 17.7.0 is attached below: 
[image: ]
However, during the release 17 RAN4 discussion, multiple events have been identified that can cause phase discontinuity and the requirement above is not applicable when those events happen. The DMRS bundling is broken in those cases, which may become potential bottlenecks to improve the NR NTN coverage through the DMRS bundling technical feature. 
It has been agreed that RAN1 should discuss the possibility of introducing enhancement(s) to meet the requirement and/or recommend RAN4 to update the requirement. 
Eventually, whether RAN4 can update the DMRS bundling requirement based on more advanced UE implementation will eventually be up to the RAN4 discussion. However, the NR NTN UE is assumed to be the same handheld UE as for a TN network. RAN4 just specified the phase continuity requirement in the last release for TN UEs (actually, the maintenance work on Rel-17 Phase continuity requirements for DMRS bundling is still ongoing in RAN4), and there is no evidence that the UE RF capability for maintaining the phase continuity has been significantly improved. Therefore, in our understanding, it is more reasonable to assume that the same DMRS bundling requirement for Rel-17 TN UE will be applied to Rel-18 for NTN UEs.
Observation 1: RAN4 just specified the phase continuity requirement in the last release, and there is no evidence that the UE RF capability to maintain the phase continuity has been significantly improved for handheld UEs, it is more reasonable to assume that the same DMRS bundling requirement for Rel-17 TN UE should be applied to Rel-18 for NTN UEs. 
Therefore, our view is that RAN1 should focus on the discussion of physical layer design enhancements, which are not dependent on specific UE implementations, and the discussion should focus on the NTN-specific characteristics according to the WI.
Proposal 1: RAN1 should focus on the discussion of physical layer enhancements that do not depend on UE RF implementations, and the discussion should only focus on the NTN-specific characteristics.
Looking at the NTN-specific issue, the major impact on the UE phase continuity is the time and frequency of pre-compensation that NTN UEs would need to perform. Due to the fast movement of satellites (especially in LEO constellations), more frequent adjustment of TA can be expected for NTN. On the other hand, Rel-17 DMRS bundling can only be applied to limited scenarios due to feasibility from the UE RF implementation aspect. One issue is that no TA adjustment is expected for Rel-17 DMRS bundling since the UE is not able to maintain its phase continuity once the TA has changed. However, considering the aforementioned more frequent TA adjustment for the NTN network, the length of DMRS bundling, or in other words, the TDW length, has to be small enough that a significant timing error is not built up across the duration of the DMRS bundle. 
Observation 2: Rel-17 handheld UE is not able to maintain phase continuity when there is a TA change.
Similarly, considering the doppler effect in the NTN network, the feasibility of UE to maintain its phase continuity while compensating for the doppler effect within each bundle also needs to be investigated. 
Moreover, the variation of time and frequency drift in NTN network may still exist, and the phase continuity will be affected. Note that the RAN4 requirement is only applied at the UE antenna connector rather than at the network receiver side. Therefore, it is possible that though the UE can meet the RAN4 requirement within each segment or each TDW, the actual phase variation at the satellite access point side may still be too large. This aspect should also be considered for adopting DMRS bundling for NTN.
Observation 3: Though the UE can meet RAN4 requirement on phase continuity per antenna connector, the final phase variation on the satellite receiver may still exceed an acceptable level due to the time and frequency drift within each segment or TDW.  
In summary, the length of DMRS bundling will be restricted and the gain from the JCE operation will be limited for NTN operation, which may not contribute sufficiently to a coverage enhancement for NTN network and enhancement is therefore needed.
Observation 4: The gain from JCE will limited for NTN scenario since the length of DMRS bundling is limited due to UE pre-compensated TA and time/frequency drift based on legacy approach.
Regarding the potential enhancement technique, instead of enforcing UE to maintain the phase continuity over various challenging scenarios, one may think from the aspect of how to ensure the JCE gain while the UE phase continuity might be broken. 
In Rel-17, the segmented uplink transmission scheme enables TA adjustment for IoT NTN devices between UL segments while the TA value is maintained within an UL segment. This allows the IoT-NTN eNB to receive the UL transmission in a predictable manner. A similar approach (of using UL segments) would also allow NR NTN DMRS bundles to be decoded in a predictable manner by the gNB. 
Observation 5: Introducing UL segmented transmission (similar to IoT NTN) to NR NTN would allow TA adjustment and DMRS bundles to be decoded in a predictable manner by the gNB.
Moreover, the channel estimation performance can be improved over multiple segments as long as the network can know the exact time position when the phase changes happen in our preliminary analysis.
Observation 6: The channel estimation performance over multiple segments can still be improved even if there is a phase changes when the network knows the location of the phase changes. 
Proposal 2: RAN1 can study techniques to improve the JCE gain while UE phase continuity is distorted due to time and frequency compensation. 
Conclusions
We have discussed DMRS bundling for NTN coverage enhancement. We make the following observations and proposals:
Observation 1: RAN4 just specified the phase continuity requirement in the last release, and there is no evidence that the UE RF capability to maintain the phase continuity has been significantly improved for handheld UEs, it is more reasonable to assume that the same DMRS bundling requirement for Rel-17 TN UE should be applied to Rel-18 for NTN UEs. 
Observation 2: Rel-17 handheld UE is not able to maintain phase continuity when there is a TA change.
Observation 3: Though the UE can meet RAN4 requirement on phase continuity per antenna connector, the final phase variation on the satellite receiver may still exceed an acceptable level due to the time and frequency drift within each segment or TDW.  
Observation 4: The gain from JCE will limited for NTN scenario since the length of DMRS bundling is limited due to UE pre-compensated TA and time/frequency drift based on legacy approach.
Observation 5: Introducing UL segmented transmission (similar to IoT NTN) to NR NTN would allow TA adjustment and DMRS bundles to be decoded in a predictable manner by the gNB for NR NTN.
Observation 6: The channel estimation performance over multiple segments can still be improved even if there is a phase changes when the network knows the location of the phase changes. 
Proposal 1: RAN1 should focus on the discussion of physical layer enhancements that do not depend on UE RF implementations, and the discussion should only focus on the NTN-specific characteristics.
Proposal 2: RAN1 can study techniques to improve the JCE gain while UE phase continuity is distorted due to time and frequency compensation. 
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For NTN-specific PUSCH DMRS bundling,
e Discuss further the need of enhancement in consideration of at least the following:
o 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
RANT1 should introduce enhancement to meet the requirement and/or recommend RAN4 to
upd‘ate the requirement or UE should pre-compensate phase difference by UE implementation,
etc|

o Anevent 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.

o Note: baseline performance for legacy UEs can include antenna switching
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Phase continuity requirements for DMRS bundling

For bands that UE indicates the support of DMRS bundling, the maximum allowable difference between the measured
phase value in any slot p- and slot p, or slot 0 and any slot p for each antenna connector shall satisfy the requirements
as listed in Table 6.4.2.5-1 for the measurement conditions defined in Table 6.4.2.5-2, within a measurement time
window limited by the UE capability of maximum duration for DMRS bundling [maxDurationDMRS-Bundling-r17),
and defined for each frequency band separately. The phase value for each slot is measured as shown in Annex F.9.
These requirements apply to PUCCH and PUSCH transmissions with DFT-s-OFDM and CP-OFDM waveforms

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-7 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_
able.to meet the phase continuity requirements, assuming no phase consistency violating events defined in
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.





