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Introduction
Coverage enhancement for voice and low-data rate services over commercial smart phones was included in the scope of the Rel-18 work item for NTN. At RAN#97-e, two detailed objectives are identified as [1]
· 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]

In RAN1#111, the following working assumption and conclusion were made [2]:
 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

[bookmark: _Ref473802466][bookmark: _Ref462669569]In this contribution, we discuss issues and enhancements for PUCCH for Msg 4 HARK-ACK repetitions and  DMRS bundling. In addition,  we evaluate several transmit diversity techniques for NTN and propose enhancements to enable  efficient transmit diversity techniques in NTN.


Msg4 HARQ-ACK 
The WA on PUCCH repetitions for Msg4 HARQ-ACK made in RAN1#111 defines the framework with a few details for FFS. It is important to confirm the WA to facilitate the discussions of remaining details. 
Proposal 1: Confirm the following WA 
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

For backward compability, UEs that don’t support PUCCH repetition for Msg4 HARQ-ACK, such as a Rel-17 UE,  must be accommodated. Hence, an indication of the capability of supporting repetitions from UE is needed. Based on the number of repetitions of Msg3, gNB has a fairly good estimate of the number of repetitions for  PUCCH for Msg4. If Msg3 transmission is successfully received with only one repetition, there is no need for PUCCH repetition for Msg4.  When Msg3 repetition is more than 1,  full transmit power is expected, and gNB can readily determine the repetition numbers for the PUCCH for Msg4 HARQ-ACK. Hence there is no need for UE to indicate the exact number of repetitions of PUCCH for Msg4 HARQ-ACK. 
Observation 1: gNB can determine the number of repetitions of PUCCH for Msg4 HARQ-ACK based on the repetition number and reception of  Msg3 without additional information from UE.
 
Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK,
· UE indicates the capability of PUCCH repetition 
· If no repetition factor is indicated in SIB, UE follows legacy behavior and assumes repetition is not supported.

For the indication of UE capability of PUCCH repetition for Msg4 HARQ-ACK, a UE can use DMRS port 1 instead of 0 for Msg3. Alternatively, in Msg3 the codepoints for LCID (See Table 6.2.1-2 in TS38.321)  in the range 37-42 are reserved. A Rel-18 UE that supports PUCCH repetitions for Msg4 HARQ ACK can use a reserved codepoint to indicate the support.  
Proposal 3: For the indication of the capability of PUCCH repetition for Msg4 HARQ-ACK ,  down-selects from one of the following two solutions:
· Using DMRS port 1 for Msg3.
· Using a reserved LCID codepoint for Msg3.
· RAN1 to send an LS to RAN2 to ask for the feasibility.

For dynamic indication of the number of transmissions from gNB, the two reserved DAI bits in the PDCCH of Msg4,  which uses DCI format 1_0 scrambled by TC-RNTI,  can be repurposed. These two bits allow the indication of one of the 4 possible numbers of transmissions, 1, 2, 4, and 8. 
Proposal 4: Use the two reserved DAI bits of DCI 1_0 scrambled by TC-RNTI to indicate the repetition factor of the PUCCH for Msg4 HARQ-ACK.

Proposal 5: The same repetition factor of the PUCCH for Msg4 HARQ-ACK applies to other PUCCH without additional signaling when dedicated PUCCH resource configuration is not provided.



[bookmark: _Hlk115270734]DMRS Bundling
In NTN, the maximal UL transmit timing drift observed at gNB can be up to 100 ms/s, which occurs when both the elevation angles of the UE and of the gateway are nearly 0 degree (The drift rate doubles when measured with respect to the downlink frame timing at UE). The maximal Doppler drift rate, which  occurs when the evelvation angle is 90 degree,  is given by 
dv= v2/(lh)
where l is the wavelength of the signal, v and h are the satellite speed and orbit height, respectively. For 2G Hz carrier frequency and 600 km orbit height, the maximal doppler drift is  about 642 Hz/s or about 13 Hz per 20 ms.
The above indicates that without additional time and frequency precompensation the UL transmit timing and frequency error can increase by 100 ns and 0.64 Hz per 1 ms.  Assuming perfect time and frequency precompensation at the beginning of a multi-slot UL transmission, a UE does not have to adjust the timing and frequency for a number of slots to satisfy the relevant performance requirements on transmit signal [3][4] without considering DMRS bundling. Such an implememntation where time and frequency precompensation remain unchanged within a segment is called segmented precompensation. 
Since the Doppler drift is  small relative to the SCS within 20 ms, its impact on the received signal phase is small and will be ignored in subsequent discussion. Below we examine the impacts of timing drift on DMRS bundling. With a timing drift rate 100 ns/ms, the phase change after x slots for 15 kHz SCS is
f=x*100e-9*N*15e3  (rad)                                                       (1)
where N is the tone index with DC tone indexed as 0. When N=300 and x=1,  f=0.450 or about 25.8 degrees. Apparently, when not compensated  the timing drift within a multi-slot transmission due to satellite movement can have significant impact on DMRS bundling size. 

For bands that UE indicating the support of DMRS bundling, the maximum allowable phase difference is defined in Table 6.4.2.5-1 of TS 38.101-1 [3] as below:
[image: ]
Comparing the maximal 25.8  degree phase variation per 1ms in LEO  and the allowable phase differenece,  DMRS bundle size is impossible when timing drift is not compensated.
Observation 2: For LEO,  to meet the existing phase continuity requirement for DMRS bundling, the bundling window is less than 1 ms for 10 MHz carrier bandwidth at low elevation angles if time and frequency remains unchanged during the window. 
Segmented precompensation may exhibit different phase variation depending on implementation as illustrated in Figure 1:
S1. Segmented precompensation with carrier phase jump due to timing adjustment. In this implementation, a DMRS bundle must be shorter than the precompensation segment. 
S2. Segmented precompensation without carrier phase jump due to timing adjustment. In this implementation, a DMRS bundle can span more than one precompensation segment.



Figure 1. Received signal phase variation in a segmented time precompensation.

As can be seen from the figure, implementation S2 may still be able to support reasonably large DMRS bundle size as long as the segment size is small enough. Implementation S1, however, can only support DMRS bundle size 1 for 15 KHz SCS at lowe elevation angles. 
Phase variation due to timing drfit is predictable. The timing drift rates of UEs within a beam are typically close and can be approximated as a constant. Consequently, DMRS bundling is still possible. For instance, gNB can post-compnesate the phase variation by simply adjusting the FFT starting time or by subcarrier-wise phase rotation at gNB. Without knowing the exact location of UE, the medium time variation rate of a beam or the time variation rate of the beam center can be used in postcompenstation. The resulting residual phase variation depends on the maximal differential time variation rate in a beam. The maxiam differential time variation happens in a Nadir beam where some UE may see positive time variation and some may see negative time variation. In such case, the time variation rate due to one-way propagation is given by
tan(a)*v/c
 where a is the one-sided beam angle, v is the speed of the satellite, and c is the speed of light. Since only the service link delay is unknow and UE dependent, the maximum differential time variation rate with the Nadir beam is 
                          T_var= 2*tan(a)*v/c     (2)
 Assuming a=2.20 (30 dBi antenna gain at 2GHz) and v=7.9 km/s at 600 km orbit, the residual time variation rate is therefore,
|T_var_res|< 2 ms/s                
When network post compensates the mean time error of a beam, the above equation shows that the maximal residual time error is about 2 ns per 1ms. At subcarrier 300 for 15 KHz SCS, the phase variation due to residual time error  is  therefor f=2e-9*300*15e3 =0.09 rads  or 0.5 dgrees per slot. Apparently, with post-compensation, a large DMRS bundling size is still feasible.
Observation 3: With segmented pre-compensation at UE and  post compensation of the timing error of the beam center at gNB in LEO, DMRS bundling with a large bundling size, e.g., 16, is feasible.
Note that there are other implementation options that can maintain phase continuity:
· Sampling rate is adjusted so that there is no timing drift at the receiver, i.e., code Doppler precompensation.
· Segmented time precompensation with carrier phase contiuity and power consistency.

Based on above, RAN1 should consider enhancements for UEs that cannot maintain power consistency and phase continuity due to time and frequency change. 
Proposal 6: For UEs that cannot maintain power consistency and phase continuity due to time and frequency change, 
· Support the following enhancement on DMRS bundling:
· UE performs TDW based pre-compensation where time and frequency may be precomepsated at the beginning of a TDW but remain unchanged during the TWD.
· Network performs post-compensation to reduce the phase variation
· RAN1 asks RAN4 to consider associated requirement for DMRS bundling for segmented pre-compensation.

Note that there are other implementation options that can maintain phase continuity without network post-compensation:
· Sampling rate is adjusted so that there is no timing drift at the receiver, i.e., code Doppler precompensation.
· Segmented time precompensation with carrier phase contiuity and power consistency.

Hence, indication of UE capability of TDW-based pre-compensation should be supported.
Proposal 7: For DMRS bundling, support UE capability signalling of TDW based pre-compensation where time and frequency may be precomepsated at the beginning of a TDW but remain unchanged during the TWD. 

Proposal 8: For NTN, reuse the mechanism on TDW determination defined for Rel-17 coverage enhancement, i.e., UE reports the capability of maximal duration and gNB determines a nominal TDW.


Transmit Diversity Techniques
Diversity techniques can be used to improve coverage. For LOS channels, such as NTN-TDL models, significant transmit diversity can be achieved as shown in the last section. In addition to diversity, precoding can be used to reduce polarization loss. Satellites often use circularly polarized antennas, but smart phones typically use linearly polarized antennas. When receiving a linearly polarized signal using a circular polarized antenna, there is a 3 dB loss due to polarization mismatch. With two linearly polarized antennas, it’s possible to generate a circular polarized signal thereby avoiding the polarization loss. As shown in the figure below, two cross-polarized antennas with a precoding to generate a left-handed circular polarized signal.



Figure 2. Generating circularly polarized signal using linearly polarized antennas with precoding.

Considering the link between a smart phone and a satellite with circularly polarized antennas, the model for the uplink including the transmitter, channel, and the receiver is depicted in Figure 3 below. 



Figure 3. An NTN UL model.

In the figure, the circularly polarized receive antenna is depicted as two collocated linearly polarized antennas with a phase shifter at the V branch. There are two channels, one from the first transmit antenna to the receive antenna h1(t) and the other from the second transmit antenna to the receive antenna h2(t).  In the simulations below, h1(t) and h2(t) are modeled as uncorrelated NTN-TDL-C channels. The polarization transformer, W, depends on the polarization states of smart phone relative to that of the satellite antenna. When the two transmit antennas of the smart phone are perfectly cross polarized, W is a unitary matrix in the form
 .
Note that due to smart phone rotation, the angle  in the above equation can be time varying.

Below, we compare several transmit techniques with a single transmit antenna in terms of performance assuming two cross-polarized transmit antennas. The diversity and precoding techniques are 
· Antenna switching
· CDD
· Precoding aided by SRS transmission. The best precoder from [1 1], [1 -1], [1 j], [1 -j] are used. 

For antenna switching, we assume switching happens at the middle of a transmission that possibly has multiple repetitions. Denoting the SNR of first antenna by SNR1 and the SNR of the second antenna by SNR2, the total SNR is evaluated as 

with .
For CDD, SNR varies in the frequency domain, the harmonic mean of the SNRs among the subcarriers is used to account for additional equalization loss.
[image: Chart
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Figure 4.  Performance comparison of different transmit schemes for two cross-polarized transmit antenna and one circularly polarized receive antenna: the average SNR of one transmit antenna is 3 dB without polarization loss; NTN-TDL-C channel is considered; transmit power is equally split among two transmit antennas when active simultaneously. 
The following can be observed from  Figure 4:
· If 10-percentile SNR is considered, antenna switching has 1 dB gain and the transmit precoding has 3.7 dB gain. If 1-percentile SNR is considered, antenna switching has 2.4 dB gain and precoding has 5 dB gain. The performance difference between precoding and antenna switching, which is about 2.6 to 2.7 dB, shows that precoding can significantly reduce  polarization.
· The performance of CDD is at best comparable to one transmit antenna with a delay near the Nyquist sample duration. The large CDD, although creates diversity but suffers from large channel variation in frequency domain.

From the above, it is important to enable efficient use of antenna switching and precoding in NTN.  For UL transmissions with DMRS bundling, antenna switching can be made at the boundary of two bundling window. For others such as PRACH and PUCCH, proper antenna switching point need to be defined. For transmit precoding, the above simulation assumes that UE maintains perfect transmit phase between the SRS and PUSCH. Current requirements on coherent UL MIMO is based on a 20 ms time window. This window needs to be extended to accommodate the large RTD of NTN to ensure the usefulness of transmit precoding. 
[bookmark: _Hlk115379070]Proposal 9: RAN1 asks RAN4 to consider extending the required time window for coherent MIMO to accommodate the round trip delay in LEO.

Conclusions
In this contributions, we have discussed issues and solutions for coverage enhacemnts of Msg4 HARQ-ACK and for DMRS bundling in NTN. We have also proposed enhancements for effective use of diversity techniques in NTN.  We have the following observations and proposals:
Observation 1: gNB can determine the number of repetitions of PUCCH for Msg4 HARQ-ACK based on the repetition number and reception of  Msg3 without additional information from UE.
Observation 2: For LEO,  to meet the existing phase continuity requirement for DMRS bundling, the bundling window is less than 1 ms for 10 MHz carrier bandwidth at low elevation angles if time and frequency remains unchanged during the window. 
Observation 3: With segmented pre-compensation at UE and  post compensation of the timing error of the beam center at gNB in LEO, DMRS bundling with a large bundling size, e.g., 16, is feasible.
Proposal 1: Confirm the following WA
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

Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK,
· UE indicates the capability of PUCCH repetition 
· If no repetition factor is indicated in SIB, UE follows legacy behavior and assumes repetition is not supported.

Proposal 3: For the indication of the capability of PUCCH repetition for Msg4 HARQ-ACK ,  down-selects from one of the following two solutions:
· Using DMRS port 1 for Msg3.
· Using a reserved LCID codepoint for Msg3.
· RAN1 to send an LS to RAN2 to ask for the feasibility.

Proposal 4: Use the two reserved DAI bits of DCI 1_0 scrambled by TC-RNTI to indicate the repetition factor of the PUCCH for Msg4 HARQ-ACK.

Proposal 5: The same repetition factor of the PUCCH for Msg4 HARQ-ACK applies to other PUCCH without additional signaling when dedicated PUCCH resource configuration is not provided.

Proposal 6: For UEs that cannot maintain power consistency and phase continuity due to time and frequency change, 
· Support the following enhancement on DMRS bundling:
· UE performs TDW based pre-compensation where time and frequency may be precomepsated at the beginning of a TDW but remain unchanged during the TWD.
· Network performs post-compensation to reduce the phase variation
· RAN1 asks RAN4 to consider associated requirement for DMRS bundling for segmented pre-compensation.

Proposal 7: For DMRS bundling, support UE capability signalling of TDW based pre-compensation where time and frequency may be precomepsated at the beginning of a TDW but remain unchanged during the TWD.
Proposal 8: For NTN, reuse the mechanism on TDW determination defined for Rel-17 coverage enhancement.
Proposal 9: RAN1 asks RAN4 to consider extending the required time window for coherent MIMO to accommodate the round trip delay in LEO.
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Table 6.4.2.5-1: Maximum allowable phase difference for DMRS bundling

UL channel WModulation order Phase difference between  Phase difference between
any slotp-1and slotp slot 0and any slotp
NOTE 2) NOTE 3
PUSCH P/2BPSK, QPSK 125 degrees T30]degrees
PUCCH P2BPSK_ BPSK, GPSK

NOTE 1. The UE capability ofthe length of maximum durafion refers to the maximum time durafion during which UE is
able to meet the phase continuty reqirements, assuming no phase consistericy violating events defined in
TS 38.214in between.

NOTE2:  This requirement applies for FDD and TDD bands, for supported DMRS bunding corfigurations < 8 slots.

NOTE 3:_This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.
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