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[bookmark: _Ref54129494]Introduction
At RAN#97e, the work item description [1] for Rel18 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 
NTN Coverage Enhancement
In NTN, the coupling loss (CL) between the UE and the satellite depends largely on the orbital height of the satellite. To a lesser extent, the CL is also influenced by propagation conditions such as fading due to precipitation and shadowing especially at low elevation angles. In the UL, the coverage situation challenging considering that the power a UE of a given class can transmit is limited by regulation even if the UE batteries can sustain a higher power. In addition, the polarization mismatch between the UE and satellite plays a critical role for NTN coverage in both DL and UL directions, which need to be carefully addressed for the sake of coverage enhancement. 
In the revised WI, the following objectives have been identified for NTN coverage enhancement:
· 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 this section we analyze the important aspects on enabling the DMRS bundling for an NTN network and also provide some additional potential ways of counteracting the large CL between the satellite and the UE.
DMRS bundling for PUSCH
Due to the fast movement of satellites (especially in LEO constellations), more frequent adjustment of TA can be expected for NTN communication, which may even happen between the repetitions, especially when the number of repetitions is high. In Rel-17, TA adjustment for NB-IoT/eMTC devices between repetitions is enabled by the segmented uplink transmission scheme. A similar issue may also show up for NR NTN and the corresponding TA reporting mechanism would need to be studied in this case. 
On the other hand, DMRS bundling was introduced in Rel-17 for TN coverage enhancement to support joint channel estimation 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. However, 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 NTN network, the length of DMRS bundling may not be allowed to exceed the length of each UL segment or a mechanism to report the TA change during the DMRS bundling is needed. 
Moreover, considering the doppler effect in 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. 
Proposal 1: RAN1 should study the feasibility and mechanism to ensure the UE can maintain the phase and amplitude continuity while performing TA and Doppler pre-compensation within each DMRS bundle. 
Polarization loss reduction and Multiplexing improvement.
Apart from the specific methods discussed above, polarization mismatch can be potentially a critical factor to constrain the NTN coverage.
The polarization indication for NTN communication has been discussed in Rel-17, where explicit indication of polarization for DL by the network is supported through SIB. Meanwhile, polarization information for UL may be indicated in SIB by the network. UE can assume the same polarization for UL and DL when the UL polarization information is absent. For the polarization mode aspect, RHCP or LHCP or linear polarization types can be indicated by SIB for DL and/or UL. 
With SIB based DL and UL polarization indication, handover between neighboring cells with orthogonal polarizations can be addressed. However, limited features introduced during Rel-17 may not be sufficient from the NTN coverage aspect especially for commercial handset terminals which is a main new device type for Rel-18 [1], and thus RAN1 should aim to enhance the polarization support for Rel-18 to improve the coverage of NTN networks. In this section, we discuss the possible enhancements to Rel-17 NTN polarization indications, which can provide improved coverage and better support for various UE types including handheld devices. 
Proposal 2: RAN1 should enhance the polarization support for Rel-18 to improve the coverage of NTN.
Polarization loss reduction through UE polarization mode indication
During the discussion in Rel-17, there was no consensus on UE reporting polarization capability, and UE behavior for selecting polarization mode was not specified. The uncertainty of the UE polarization capability and behavior may cause the network to configure the wrong polarization, which can jeopardize the cell coverage and increase the inter-UE interference. According to the reference scenario agreed in the latest version of the WID, 3 dB polarisation loss (per antenna port) is assumed as shown below 
[image: ]
The 3dB polarization mismatch loss implies that a circularly polarized antenna is assumed on the satellite side while a linear polarized antenna is assumed on the UE side. However, this only reflects a certain type of UE and satellite implementation while there are other possible implementations with assistance from the network side to mitigate the polarization mismatch loss and further improve NTN network coverage. From the UE perspective, the capability of supporting certain polarizations is defined by the antenna- and RF-implementations. From the network aspect, it can be expected that the NTN satellite will serve various types of UEs that support different polarization modes. A wrong polarization combination between a satellite and a UE can lead to significant signal drops. Moreover, indicating the UL polarization requires the network to have knowledge of which polarization(s) the UE can support. Considering this feature has been specified in Rel-17, to enable it in a practical scenario, it is necessary for the network to know the polarization capability of the UE.
Observation 1: To support various types of devices with different polarization modes, it is necessary for the network to know the supported polarization modes on UE side to ensure a robust link and configure UEs with proper polarization mode for UL/DL. 
To obtain the UE capability on the supported polarization modes, the network can either request a UE to report its capability on the supported polarization modes explicitly or autonomously determine the UE capability through the DL RS measurement and reporting from the UE side. 
Proposal 3: RAN1 can study how network can obtain the UE capabilities on supported polarization modes in Rel-18. 
Multiplexing improvement over polarization domain 
Inter-user multiplexing over polarization domain 
In addition to improving the coverage through the polarization indication, the network can also be more flexible when configuring resources by using the polarization domain if it has knowledge of the UE polarization capability. In the multi-user scenario, the network can multiplex users over the polarization domain if it knows the supported polarization related UE capability. 
· the network can configure those users whose polarizations are orthogonal to each other on the same spatial/time/frequency resources to improve the spectral efficiency. And reduce the inter-user interference, which can benefit NTN coverage enhancement as well. 
· If UEs can support more than one polarization mode and can adaptively change the polarization, the network can also configure their polarization and the corresponding DL/UL resources on two orthogonal domains through control signaling.  
Observation 2: Multiplexing users on two different polarisations doubles the total amount of physical resource available, allowing users to be scheduled at a lower code rate, thus improving coverage.
Proposal 4: RAN1 should study inter-user multiplexing over the polarization domain in Rel-18.   
Polarization indication per SSB
Another dimension to improve the multiplexing is to support the deployment scenario with multiple beams per cell.  Under such a scenario, polarization reuse can be applied among beams to reduce the interference, and with polarization indication per SSB, UE can know the polarization of the serving beam, which can further improve the coverage performance of PRACH and initial access. 
Observation 3: The UE awareness of gNB polarization per beam or per reference signal, e.g., SSB, can reduce interference in the deployment scenario with multiple beams per cell while improving the gain of the broadcast channel, and the coverage of initial access.   
Proposal 5: RAN1 should study polarization indication per beam in Rel-18. 

Conclusions
We have discussed numerous areas in which NTN coverage can be enhanced both for the UL. We make the following observations and proposals:
Observation 1: To support various types of devices with different polarization modes, it is necessary for the network to know the supported polarization modes on UE side to ensure a robust link and configure UEs with proper polarization mode for UL/DL. 
Observation 2: Multiplexing users on two different polarisations doubles the total amount of physical resource available, allowing users to be scheduled at a lower code rate, thus improving coverage.
Observation 3: The UE awareness of gNB polarization per beam or per reference signal, e.g., SSB, can reduce interference in the deployment scenario with multiple beams per cell while improving the gain of the broadcast channel, and the coverage of initial access.   
Proposal 1: RAN1 should study the feasibility and mechanism to ensure the UE can maintain the phase and amplitude continuity while performing TA and Doppler pre-compensation within each DMRS bundle. 
Proposal 2: RAN1 should enhance the polarization support for Rel-18 to improve the coverage of NTN.
Proposal 3: RAN1 can study how network can obtain the UE capabilities on supported polarization modes in Rel-18. 
Proposal 4: RAN1 should study inter-user multiplexing over the polarization domain in Rel-18.   
Proposal 5: RAN1 should study polarization indication per beam in Rel-18. 
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