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Introduction
In RAN#94e a new work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1]. Among the objectives of the work item, 3GPP is expected to specify enhancing features to Rel-15, 16 & 17’s NR radio interface & NG-RAN and, in particular for coverage enhancements, the objective description is as follows:
	4.1.1 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 work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory 
requirements, e.g., ITU limitation of power flux density. 
 
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 
 
The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above. 
 
· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels 
· NTN-specific techniques for improved diversity and/or reduced polarization loss 
· 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. 
 
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 updated. 



RAN1 should hence focus on discussing the applicability of the solutions developed by general NR coverage enhancements to NTN and on identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Based on this guidance, this contribution provides a preliminary analysis of the applicability of Rel-17 coverage enhancements features to NTN.
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Discussion
Baseline performance of the physical channels
The Rel-17 coverage enhancements work item was preceded by a six months study item phase, where evaluations on the baseline performance of the different physical channels were carried out. The outcome of the study item can be found in TR 38.830 [2]. 
For FR1, the following channels were identified as the potential bottleneck channels in order of priority:
	· 1st priority
· PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)
· PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)
· 2nd priority
· PRACH format B4
· PUSCH of Msg.3
· PUCCH format 1
· PUCCH format 3 with 11bit 
· PUCCH format 3 with 22bit 
· Broadcast PDCCH



For FR2, the following channels were identified as the potential bottleneck for an Urban scenario at 28GHz:
	· PUSCH eMBB (DDDSU and DDSU)
· PUSCH VoIP (DDDSU and DDSU)
· PUCCH F3 11bits
· PUCCH F3 22bits
· PRACH B4
· PUSCH of Msg3



For this reason, Rel-17 enhancements focused on the PUSCH and PUCCH channels. 
For the PUSCH channel, the following enhancements were introduced: 
1. The maximum number of PUSCH repetitions for a single TB was increased to 32 
2. The slot counting method based on available slots rather than physical slots for PUSCH repetitions was introduced
3. Means for transmission of a PUSCH transport block over multiple slots (TBoMS)
4. Means for joint channel estimation (or DMRS bundling) across PUSCH repetitions or across the multi-slot transmissions of a TBoMS
For the PUCCH channel, the following enhancements were introduced:
1. Dynamic indication of the PUCCH repetition factor
2. Means for joint channel estimation (or DMRS bundling) across PUCCH repetitions
For the PUSCH channel of Msg3, the following enhancements were introduced:
1. Possibility to schedule Msg3 repetitions

In the remainder of this contribution, we will analyze the Rel-17 enhancements in further details and will investigate their applicability to NTN.
PUSCH enhancements
In this Section, we will focus our discussion on the applicability of the Rel-17 enhancements for PUSCH to NTN.
Increased number of PUSCH repetitions and available slot counting
The maximum number of repetitions for a PUSCH transmission of a transport block was increased to 32 in Rel-17. This enhancement can be directly applied to NTN, where a larger number of repetitions could benefit an NTN link even more than a terrestrial link, considering the larger degree of time diversity an NTN link may provide.
Observation 1: Application of an increased number of PUSCH repetitions to NTN is straightforward and does not require specific adaptations.
The feature of counting of PUSCH repetitions based on available slots was developed mainly for TDD bands, to allow a UE to actually transmit the number of scheduled repetitions even if the UL slots are not consecutive. This feature is integrated in the specifications (TS 38.214) as follows:
	For unpaired spectrum:
-	When AvailableSlotCounting is enabled, the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst, and the TDRA information field value in the DCI format 0_1 or 0_2.
-	A slot is not counted in the number of  slots for PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
-	Otherwise, the UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2.
[omitted text]
For paired spectrum and SUL band:
-	The UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2, irrespective of whether AvailableSlotCounting is enabled or not.
[omitted text]



It is clear that, in the case of paired spectrum (as for the bands currently used in NTN), the enabling of the AvailableSlotCounting method does not change the way the slots for PUSCH repetitions are determined, hence this enhancement is currently not relevant to NTN. Furthermore, even if TDD bands are going to be supported in NTN, this feature would be directly applicable.
Observation 2: Counting of PUSCH repetitions based on available slots is currently not relevant for NTN.
Proposal 1: Do not study further methods for application of increased number of PUSCH repetitions and available slot counting to NTN.

Transport Block over Multiple Slots
The feature of TB over multiple slots (TBoMS) was introduced in Rel-17 to allow transmission of larger transport block sizes (TBS) when the frequency domain allocation is limited for maximization of the UE transmitted power spectral density. Extensive discussion has occurred in Rel-17 WI for definition of the details of this feature, and it was concluded that the slot allocation for a TBoMS transmitted in N slots would be the same (as in the case of repetition Type A).
The application of this feature to an NTN scenario does not seem to have particular complications, considering that the different parts of the transport block will be transmitted consecutively making the relative delay at the receiver between two parts of the transport block the same as in terrestrial networks. If anything, application of TBoMS to NTN could bring more benefits compared to terrestrial networks, considering the larger degree of time diversity available.
Observation 3: TBoMS does not seem to require specific adaptations for NTN.
Proposal 2: Do not study further methods for application of TBoMS to NTN.

DMRS bundling across PUSCH transmissions
DMRS bundling or joint channel estimation refers to the capability of a receiver to estimate the channel response by jointly utilizing the DMRS signals transmitted across multiple slots for a UE transmitting either PUSCH repetition or TBoMS. Channel estimation is indeed a bottleneck to link performance at low SNR conditions, and this feature aims at improving the reliability of channel estimation by averaging the channel estimates performed on a slot-by-slot basis.
To support this feature, RAN1 has introduced the concepts of nominal and actual time domain window across the PUSCH transmissions. These windows are static and dynamic time intervals, wherein a UE is expected to maintain power and phase continuity, in order to keep the channel between gNB and UE invariant across the multiple transmissions and allow a gNB to create a joint channel estimate and improve link performance. This does however work fine only in the case the physical channel in between the gNB and UE is either static or slowly changing over time, this being the underlying assumption to the Rel-17 work.
In NTN, due to the large time and frequency offsets, such an assumption does not always hold, and the channel may hardly be considered static across a number or even just a pair of repetitions. For example, if we assumed an error in frequency pre-compensation of 1kHz (a residual error of 0.5ppm considering the feeder link and service link offsets is expected and being discussed in RAN4), this would already lead to a coherence time of the channel as short as half a slot (for 15kHz SCS) making the channel responses between two adjacent slots uncorrelated. It is however worth noticing that this observation is true only for specific cases, and the actual coherence time and performance of the joint channel estimation would finally depend on the channel conditions of each UE and UE capabilities.
Observation 4: Application of DMRS bundling to NTN is not straightforward and methods to enable utilization of such feature in NTN should be further investigated.
Proposal 3: Study further methods for application of DMRS bundling to NTN.

PUCCH enhancements
Dynamic indication of the PUCCH repetition factor
Dynamic indication of the repetition factor was introduced in Rel-17 for scheduled PUCCH. After extensive discussion, RAN1 agreed to enhance the RRC configuration to include a repetition factor per PUCCH resource. This way a gNB can dynamically choose a repetition factor for a certain PUCCH transmission by indicating a PUCCH resource through the PUCCH Resource Indicator (PRI) in DCI configured with the desired repetition factor. More specifically, each PUCCH resource in the IE PUCCH-Config will be configured as below:
	PUCCH-Resource ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
nrOfSlots-r17                                 ENUMERATED { n2, n4, n8 }
OPTIONAL, -- Need S
    startingPRB                             PRB-Id,
    intraSlotFrequencyHopping               ENUMERATED { enabled }                                                OPTIONAL, -- Need R
    secondHopPRB                            PRB-Id                                                                OPTIONAL, -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}



The dynamic indication of the repetition factor does not apply to unscheduled PUCCH, not even in the case a PUCCH resource characterized by a dynamic repetition factor is RRC configured for periodic CSI reporting, for example. It was indeed agreed that if a PUCCH resource is used to transmit a PUCCH without an associated scheduling DCI (e.g. P/SP-CSI or SR), and the PUCCH resource is configured with RRC parameter “nrofSlots-r17”, “nrofSlots-r17” is ignored and the RRC parameter “nrofSlots” is used for determining the repetition factor of the specific PUCCH resource.
In NTN, considering the fast varying channel conditions due to satellite movement, a dynamic indication of the repetition factor for a PUCCH resource is fundamental. Application of the Rel-17 feature to an NTN scenario does not seem to have specific challenges, hence no particular enhancements seem to be needed at least for scheduled PUCCH transmissions (e.g. HARQ-ACK feedback).
Observation 5: The dynamic indication of the repetition factor for scheduled PUCCH does not seem to require specific adaptations for NTN.
Optimizations for enabling a dynamic indication of the repetition factor for unscheduled PUCCH were not agreed in Rel-17, for terrestrial networks. In an NTN scenario, having the possibility of dynamically changing the repetition factor also for unscheduled PUCCH becomes however more relevant. Differently than in terrestrial networks, in NTN channel conditions change much more quickly, and the only free space pathloss is subject to large oscillations due to the simple movement of the satellite. For this reason, we believe that methods for dynamic indication of the repetition factor for unscheduled PUCCH should be further investigated.
Proposal 4: Study methods for dynamic indication of the repetition factor for unscheduled PUCCH.

PUSCH Msg3 enhancements
Msg3 repetitions
The PUSCH of Msg3 was found to be a coverage bottleneck for an NR system. For this reason, repetitions of Msg3 were introduced in Rel-17, to increase reliability of Msg3 detection and decoding. The signal repetition framework was kept invariant compared to PUSCH repetitions in RRC connected mode, but new signalling and methods for indication of the number of repetitions for Msg3 were specified.
The main agreements for enabling of Msg3 repetitions include:
1. UE requests Msg3 repetitions if the measured SS-RSRP is below an RSRP threshold configured through SIB1
a. Request occurs through choice of specific preamble and/or RO in Msg1
2. gNB indicates the number of Msg3 repetitions by using two repurposed bits of the MCS field of the RAR UL grant carried in Msg2

The framework developed in Rel-17 seems to work fine for an NTN setting. A specific set of preambles or RO can be reserved and configured by gNB to allow UEs at low RSRP to communicate a request for Msg3 repetitions. However the need for specific enhancements for optimization of Msg3 repetitions framework in NTN could be further investigated.
Observation 6: The basic framework of Msg3 repetitions is directly applicable for NR over NTN.
Proposal 5: RAN1 to further investigate if NTN specific enhancements are needed for Msg3 repetitions.

Conclusion
In this contribution, we analysed the applicability of Rel-17 coverage enhancements features to NR over NTN, and made the following observations and proposals:
Observation 1: Application of an increased number of PUSCH repetitions to NTN is straightforward and does not require specific adaptations.
Observation 2: Counting of PUSCH repetitions based on available slots is currently not relevant for NTN.
Observation 3: TBoMS does not seem to require specific adaptations for NTN.
Observation 4: Application of DMRS bundling to NTN is not straightforward and methods to enable utilization of such feature in NTN should be further investigated.
Observation 5: The dynamic indication of the repetition factor for scheduled PUCCH does not seem to require specific adaptations for NTN.
Observation 6: The basic framework of Msg3 repetitions is directly applicable for NR over NTN.
Proposal 1: Do not study further methods for application of increased number of PUSCH repetitions and available slot counting to NTN.
Proposal 2: Do not study further methods for application of TBoMS to NTN.	
Proposal 3: Study further methods for application of DMRS bundling to NTN.
Proposal 4: Study methods for dynamic indication of the repetition factor for unscheduled PUCCH.
Proposal 5: RAN1 to further investigate if NTN specific enhancements are needed for Msg3 repetitions.
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