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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#119bis-e meeting, the following agreements were made:
Agreements:
1. RAN2 thinks a UE may use application layer frame aggregation by implementation (no RAN2 spec impacts). (RAN2 can further discuss whether RAN needs to know whether UE is using frame aggregation in the voice packet)
2. RAN2 understands that it is up to network implementation to decide whether to configure SDAP header and integrity protection for a VoNR DRB to reduce the protocol overhead (no RAN2 spec impacts)
It can be seen that application layer frame aggregation may be used as default solution for NTN coverage enhancement. Meanwhile, there is no protocol impact for SDAP header reduction since SDAP header is configurable by the network.
In this document, we further analyse the potential enhancements introduced for NTN coverage. And our proposals are provided.
Discussion
2.1	Protocol header reduction
Some companies think that it is beneficial for coverage enhancement by applying L2 protocol overhead reduction for VoNR. Based on previous discussion, the enhancements include the following aspects:
· MAC-I field;
· L field of the MAC header;
· Using TM mode for RLC;
· PDCP SN;
· ROHC header.
We analyze the impacts on these enhancements case by case. 
MAC-I field
The MAC-I field is used to provide integrity protection. And based on current specification, MAC-I field is present only when the DRB is configured with integrity protection. Hence, MAC-I field can be optionally configured. Therefore, it is up to the network whether to configure MAC-I field for the VoNR DRB to reduce protocol overhead.
Hence, we think this enhancement is not necessary.
L filed in MAC header
The L field length is 8bits or 16bits depends on the F field. But considering the size of the PDCP Data PDU is not fixed due to variable size of the compressed  header, . the L field is still needed.
RLC TM mode
Some companies recommend that the RLC layer use TM mode to reduce protocol headers, but this practice is not recommended for actual configuration. The sizes of voice frame and PDCP Data PDU are variable, which make it difficult for gNB to allocate suitable UL grants to avoid packet segmentation, which may cause a lot of waste of resources.
Shorter PDCP SN
Some companies have suggested reducing the size of the PDCP SN. However, this may have an impact on VoNR performance because it reduces the length of the PDCP window. So it is not recommended to apply shorter PDCP SN for coverage enhancement in NTN.
ROHC header reduction
Some companies have suggested changing the ROHC head, but the benefits of changing the ROHC head are unknown and may lead to a number of potential problems. This aspect should be treated with caution and is therefore not recommended.
Overall, the gain of L2 protocol header reduction is unclear. In addition, the reduction mechanisms will greatly increase the complexity of UE and NG-RAN.
[bookmark: _Toc118215159][bookmark: _Toc118215065] Observation 1： The protocol header reduction mechanisms will greatly increase the complexity of UE and NG-RAN.
Proposal 1: RAN2 not to consider the protocol header reduction in NTN for coverage enhancements.

2.2	MSG3 Repetition
In Rel-17, MSG3 repetition was supported in RAN2 both in TN and NTN. In order to identify the UEs which initiate RACH procedure for MSG3 repetition, the network reserves RACH resources, i.e. preamble or RO, for MSG3 repetition purpose [1]. And one RSRP threshold for Msg3 repetition is defined. The UE selects the RACH resources for MSG3 repetition when the measured RSRP of the downlink pathloss reference is lower than the configured RSRP threshold. Multiple repetition numbers are specified to achieve configuration flexibility and better resources utilization. The network indicates the repetition number via the 2 MSBs of the MCS field in the RAR UL grant or in the DCI from a set of four values [2]. Correspondingly, the contention resolution window is postponed to be started after the last repetition of MSG3 repetition. Regarding Msg3 repetition in NTN, it was agreed in RAN2#118 meeting that Msg3 repetition is supported in Rel-17 NTN [3]. One offset, i.e. UE-gNB RTT, is added to compensate the RTT delay. And this has been captured in current MAC specification [4]. 
[bookmark: _Toc118215160]Observation 2: Rel-17 Msg3 repetition which is introduced in coverage enhancement has been captured in Rel-17 NTN.
In NTN, unlike TN, the near-far effect of the signal strength is not quite obvious. So the distance bwtween the UE and reference loaction is utilized for handover as well as neighbour cell measurement for cell reselection. This greatly reduces the improper decisions for mobility especially when the UE moves to the cell edge. 
For Msg3 repetition, the RSRP threshold is applied to determine whether PRACH configured for Msg3 repetition. That the UE choosing PRACH resource configured for Msg3 repetition is used to notify the network that the channel condition is below than the configured threshold. When the channel condition deteriorates and Msg3 repetition condition is satisfied, the UE selects the Msg3 repetition specified PRACH. 
Some companies propose some other enhancements e.g. distance based to be applied to NTN CE. But for NTN, there may be some other issues for these enhancements. For example, the distance, is applied to CE for NTN, it is difficult to define the proper value for the threshold. If one bigger value (distance between the cell center and the UE) is defined the UE may have not trigger CE even the UE is at the cell edge and the serving cell has been updated for the UE. If one smaller value is defined, radio resources may be wasted, since no repetition is needed for this case. Anyway, the intention of the MSG3 repetition is to get the gain of merger each MSG3 received at each time, due to the bad radio condition. That is the distance between the UE and the satellite is not the direct reason. The radio link condition is the direct reason.
For NTN, when the UE moves to the cell edge, the cell reselection as well as the handover mechanism can guarantee that the UE is served by one suitable cell, i.e. the UE reselects to another better cell or the handover condition has been triggered and the UE accesses to another serving cell. So, it is unlikely the channel condition deteriorates suddenly and unexpectedly in NTN. Therefore, we propose that:
[bookmark: _Toc118215066]Proposal 2: No further enhancements for Msg3 repetition determination in NTN.
2.3	TAR
For TA report during RACH procedure, there was lots of discussion in Rel-17 NR NTN, and the following agreements were achieved in RAN2# 116e meeting:

1. Do not mandate Msg3/MsgA or Msg5 to include TA report MAC CE, and whether it can be included depends on the TB size of Msg3/MsgA or Msg5. No spec change is needed for this
2. RAN2 do not pursue any enhancements to allow inclusion of TA information without extending Msg3 size.
And in the following RAN2# 116bis meeting, Rel-17 IoT NTN also achieved the following agreements, just following the agreements of NR NTN without detail discussion on the impacts of repetition already supported by Rel-17 IoT NTN UEs:
Do not mandate Msg3 or Msg5 to include TA report MAC CE, and whether it can be included depends on the TB size of Msg3 or Msg5.
However, it is obviously that, for the same UL grant, the smaller of the size of Msg3, the bigger of the probability that the network can receive the Msg3 successfully. And an unsuccessful Msg3 reception may result in an Msg3 retransmission or another PRACH procedure, which will increase the access delay, especially, for the NTN coverage enhancement scenario. The size of TA report MAC CE is two octets, which has obvious impact on the Msg3 size. So when considering the coverage enhancement requirement, it is better to carry TA report MAC CE in Msg5.
[bookmark: _Toc118215067]Proposal 3: For NTN coverage enhancement scenario, if Timing Advance report (TAR) during RACH procedure is triggered, TA report MAC CE should be included in Msg5.
2.4 	RAN1 impacts
We discuss this section on the following 2 aspects.
2.4.1	Segment supported for coverage enhancement scenario
According to the latest WID of Further NR coverage enhancements (NR_cov_enh2) [5], PRACH enhancement will be supported in Rel-18, which is also applicable for NTN:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
According to the latest WID of NR NTN (Non-Terrestrial Networks) enhancements (NR_NTN_enh) [6], PUCCH at least for Msg4 HARQ-ACK and PUSCH enhancement at least for Msg3 (which has been supported in Rel-17 NR NTN) will be supported for Rel-18 NR NTN:
The detailed objectives are for NTN are listed below:
· 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]
So coverage enhancement for PRACH, PUCCH and PUSCH will be supported in Rel-18 NR NTN, which means that long transmission because of repetition for these channels will happen. 
[bookmark: _Toc118215161]Observation 3: Long UL transmission due to repetition will happen for PRACH, PUCCH, and PUSCH in Rel-18 NR NTN.
For long UL transmission because of repetition, enhancements to time and frequency synchronization has been discussed in Rel-17 IoT NTN, and UL transmission segment based UE pre-compensation has been introduced to compensate the satellite delay and Doppler shift during the long UL transmission, on PRACH, PUSCH and PUCCH. Duration of UL transmission segment for UE pre-compensation is a number of UL repetition units configured by network, and the pre-compensation does not vary within the duration of UL transmission segment. A segment gap between two adjacent segments is also introduced to handle the potential interference to the former segment because of TA adjustment. The segment gap is configured by network based on the UE capability.
According to the RAN1 and RAN2 agreements, the following parameters have been introduced in 36.331[7]:
· prach-TxDuration: Duration of PRACH segment transmission in NTN transmission. Unit in duration of one preamble transmission including guard period (TCP+TSEQ+TGP). Value n1 corresponds to the duration of 1 preamble transmission, value n2 corresponds to the duration of 2 preambles transmission and so on.
· pucch-TxDuration: Duration of PUCCH segment transmission in NTN transmission, see TS 36.213 [23]. Unit in subframe. Value sf2 corresponds to 2 subframes, value sf4 corresponds to 4 subframes and so on.
· pusch-TxDuration: Duration of PUSCH segment transmission in NTN transmission, see TS 36.213 [23]. Value in number of resource units. Value n2 corresponds to 2 resource units, value n4 corresponds to 4 resource units and so on.
And a gap indication in UE capability and network configured gap will be introduced based on the agreement of RAN2# 119e:
Agreements online:
1.	Following TP is agreed for 36.306 CR.
	4.3.38.6	ntn-NeedSegmentedPrecompensationGaps-r17
	-	This field indicates the supported gap length between segments for PUSCH and PUCCH required by a UE supporting ce-ModeA-r13 or for NPUSCH required by a UE supporting UE-category-NB, for TA pre-compensation 
	-	This feature is only applicable if the UE supports either UE-category-NB or ce-ModeA-r13 and it also supports ntn-Connectivity-EPC-r17
	-	If a UE does not include this field but includes ntn-Connectivity-EPC-r17, in case of overlapped transmission between successive uplink segments, UE shall follow the procedure specified in TS36.213

Agreements:
1. Introduce UL gap configuration for PUSCH/PUCCH/NPUSCH segmented transmission, based on the reported UE capability
Generally, the satellite delay and Doppler shift during the long UL transmission in NR NTN should also be considered and pre-compensated, as what has been supported in Rel-17 IoT NTN. So we think the agreements and mechanism for satellite delay and Doppler shift pre-compensation during the long UL transmission in Rel-17 IoT NTN can be reused easily by Rel-18 NR NTN in coverage enhancement scenario. 
LS can be sent to RAN1 to check if they have any concern, for example, on the gap length, or on the segment duration length/unit, if the agreements about segment based UE pre-compensation for long UL transmission in Rel-17 IoT NTN is reused in Rel-18 NR NTN coverage enhancement. 
[bookmark: _Toc118215068]Proposal 4: The agreements about segment based UE pre-compensation for long UL transmission in Rel-17 IoT NTN can be reused in Rel-18 NR NTN coverage enhancement scenario.
[bookmark: _Toc118215069]Proposal 5: Send LS to RAN1 to check if they have any concern if the agreements about segment based UE pre-compensation for long UL transmission in Rel-17 IoT NTN is reused in Rel-18 NR NTN coverage enhancement scenario.
2.4.1	Other coverage enhancement evaluations
In RAN1#110bis-e meeting, it was agreed that PUCCH repetition will be supported. And the following agreements which may have impacts on RAN2 were made [RAN1#110bis chairman notes]:
	Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4


Based on RAN1 agreements, it can be seen that PUCCH repetition for Msg4 HARQ-ACK is supported. And RAN1 will further study the options for procedures to perform PUSCCH repetition:
· Option 1: UE always performs repetition if configured in cell-specific manner
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
At this stage, it is still FFS on whether the UE sends capability indication to the network and FFS on the procedure of reporting UE capability. Therefore, it is proposed that:
[bookmark: _Toc118215070]Proposal 6: PUCCH repetition for NTN in RAN2 can be studied after more inputs achieved in RAN1.
Conclusion
In this document, we analyse issues for coverage enhancement in NTN, and we find the observations as following:
 Observation 1： The protocol header reduction mechanisms will greatly increase the complexity of UE and NG-RAN.
Observation 2: Rel-17 Msg3 repetition which is introduced in coverage enhancement has been captured in Rel-17 NTN.
Observation 3: Long UL transmission due to repetition will happen for PRACH, PUCCH, and PUSCH in Rel-18 NR NTN.
And we propose that:
Proposal 1: RAN2 not to consider the protocol header reduction in NTN for coverage enhancements.
Proposal 2: No further enhancements for Msg3 repetition determination in NTN.
Proposal 3: For NTN coverage enhancement scenario, if Timing Advance report (TAR) during RACH procedure is triggered, TA report MAC CE should be included in Msg5.
Proposal 4: The agreements about segment based UE pre-compensation for long UL transmission in Rel-17 IoT NTN can be reused in Rel-18 NR NTN coverage enhancement scenario.
Proposal 5: Send LS to RAN1 to check if they have any concern if the agreements about segment based UE pre-compensation for long UL transmission in Rel-17 IoT NTN is reused in Rel-18 NR NTN coverage enhancement scenario.
[bookmark: _GoBack]Proposal 6: PUCCH repetition for NTN in RAN2 can be studied after more inputs achieved in RAN1.
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