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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#112bis-e, the following working assumptions and agreements were made [2]:
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH

Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.
Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4

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

Msg4 HARQ-ACK 
It is a working assumption that network can configure a RSRP therhold for PUCCH repetitions for Msg4 HARQ-ACK. Whether the RSRP threshold can be the same as R17 Msg3 repetition or not is still FFS. Since the exact SNR level below which  Msg4 HARQ-ACK repetition is required differs from that for  Msg3 repetition, network should be allowed the flexibility to configure the RSRP therhold for Msg4 HARQ-ACK repetition independent of that for Msg3 repetition. It should be noticed that the necessity of the RSRP threshold may be questionable in some cases, hence the configuration of RSRP threshold should be optional. Hence we have the following proposal.
[bookmark: _Hlk134735037]Proposal 1: For the determination of  whether or not a UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request or capability indication,  a new RSRP threshold can be optionally configured for PUCCH repetition for Msg4 HARQ-ACK.
· When not configured, a UE capable of PUCCH repetition for Msg4 HARQ-ACK always indicates its capability. 

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. Compared to other bit fields in the DCI, using the reserved DAI bits has the minimum impacts on specification and UE implementation.
Proposal 2: 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.
Before dedicated PUCCH resource configuration is provided, the NTN channel variation is expected to be small in NTN. Consequently, UE can use the same repetition factor for PUCCH for HARQ-ACK without additional signaling. 

Proposal 3: When dedicated PUCCH resource configuration is not provided, the same repetition factor of the PUCCH for Msg4 HARQ-ACK applies to other PUCCH in response to a transmission scheduled by DCI format 1_0. 

DMRS Bundling
It has been agreed that gNB-centric TDW determination is supported for DMRS bundling in NTN. Depending on implementation, different maximal TDW duration can be supported. To enable the gNB make determination, UE capability of maximal TDW duration must supported.  
Proposal 4: For NTN, supports UE capability signalling that indicates the maximal TDW duration.
In addition, it has been shown that transmit antenna switching provides significan gain in performance. Consider a UL transmission that requires 16 consecutive slots, two DMRS bundling windows of 8 slots each provides more than 1.5 dB gain than one DMRS bundling window of 16 slots [3]. For a UE capable of DMRS bundling size 16 and transmit antenna switching, it is preferred to configure 8 slots for TDW instead of 16 slots. To enable the best configuration of TDW size at gNB, UE capability of transmit antenna switching should be supported when UE indicates that the maximal DMRS bundling is greater than 1.
[bookmark: _Hlk134735212]Proposal 5: For NTN, supports capability signaling of transmit antenna switching for UEs that indicates capable of more than 1 slots for the maximal TDW size.

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. 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 1. 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 2 below. 



Figure 2. 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

Description automatically generated]
Figure 3.  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 3:
· 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 6: RAN1 asks RAN4 to consider extending the required time window for coherent MIMO to accommodate the round trip delay in LEO.

Conclusions
In this contribution, 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.  The proposals are as the following:
Proposal 1: For the determination of  whether or not a UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request or capability indication,  a new RSRP threshold can be optionally configured for PUCCH repetition for Msg4 HARQ-ACK.
· When not configured, a UE capable of PUCCH repetition for Msg4 HARQ-ACK always indicates its capability. 

Proposal 2: 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 3: When dedicated PUCCH resource configuration is not provided, the same repetition factor of the PUCCH for Msg4 HARQ-ACK applies to other PUCCH in response to a transmission scheduled by DCI format 1_0. 

Proposal 4: For NTN, supports UE capability signalling that indicates the maximal TDW duration.
Proposal 5: For NTN, supports capability signaling of transmit antenna switching for UEs that indicates capable of more than 1 slots for the maximal TDW size.
Proposal 6: 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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