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1 Introduction
In the Rel-18 WID [1] for NR NTN enhancements, the objectives of coverage enhancement include the study on reducing RAN protocol overhead for VoNR:

	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.


In this paper, we provide some general considerations regarding the RAN protocol overhead reduction.
2 Discussion

2.1 Motivation of protocol overhead reduction
The motivation of L2 protocol overhead reduction for VoNR is to improve performance of low-rate codecs and hence improve the coverage, which is common for both NTN and TN.

However, according to the objective of the coverage enhancement, only NTN-specific characteristics are to be included in this objective.

	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.
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Observation 1: The motivation of L2 protocol overhead reduction for VoNR also exists in the TN scenario.

2.2 Analysis of room for L2 headers reduction
NR introduced some L2 headers in MAC/RLC/PDCP/SDAP. Before discussing whether to make optimizations of L2 headers for VoNR, we will first provide some analysis for each of these headers.

SDAP:

In NR, the network can configure the presence of UL and DL SDAP header. The size of the UL/DL SDAP hearer is 8-bit.

The DL SDAP header consists of the following fields:
· QFI: The QoS Flow ID field indicates the ID of the QoS flow to which the SDAP PDU belongs. If neither the AS nor the NAS intends to use reflective mapping for the QoS flow(s) carried in a DRB, no QFI is signalled for this DRB over Uu.
· RQI: The Reflective QoS Indication field indicates whether NAS should be informed of the updated of SDF to QoS flow mapping rules. The purpose of RQI is to reduce the NAS signalling to configure and update the SDF to the QoS flow mapping rule. 
· RDI: The Reflective QoS flow to DRB mapping Indication field indicates whether the QoS flow to DRB mapping rule should be updated. The purpose of RDI is to reduce the RRC signalling to configure and update the QoS flow to DRB mapping rule. 

In our understanding, all the fields in the DL SDAP header are used for the reflective QoS flow mapping function. Thus, in NTN the reflective mapping can be disabled to avoid the overhead of the DL SDAP header. 

The UL SDAP header includes a QFI field and a D/C field: 

· D/C: The D/C field is used to indicate whether the SDAP PDU is an SDAP Data PDU or an SDAP Control PDU. The SDAP control PDU is used to indicate the end marker when the QoS flow to DRB is changed. If the gNB does not change the mapping between the QoS flow to DRB, then the SDAP control PDU will not be needed and thus the overhead of the D/C field can be saved. 

· QFI: The QFI in the UL SDAP header is used to indicate the UL QFI of each packet. The CN needs to know the QoS flow ID of each packet in order to know whether the UE performs the SDF to QoS flow mapping rule according to the configuration from the NAS. Therefore, the gNB needs to know the QFI of each packet and forwards the QFI to the CN. However, if there is only one QFI in the DRB, the gNB does not need to inform the UE to report the QFI for each packet in the DRB. Therefore, the UL SDAP header is present only when there is more than one QoS flow in one DRB.
Based on the above analysis, the CN can configure the suitable SDF to QoS flow mapping rule to ensure there is only one QoS flow for the VoNR and the gNB can configure one specific DRB for the VoNR. In this case, the gNB does not need to configure the UL SDAP header.

Observation 2: In NTN, the UL/DL SDAP header can already be absent via appropriate configuration according to the current specification.
PDCP:

For the DRB, the PDCP PDU includes the PDCP Data PDU and PDCP Control PDU. A D/C field is used to indicate whether the PDCP PDU is Data PDU or Control PDU. Specific analyses of the two types of PDU are given below.
The Data PDU additionally includes R fields, a PDCP SN field, a Data field and a MAC-I field. 

· The PDCP SN field is needed for the header compression, ciphering, integrity protection and in-order delivery. 
· The MAC-I field is present when the integrity protection is configured. 
In our understanding, the VoNR data includes the AMR payload, AMR header and RTP/UDP/IP header. For the low-rate codecs, the size of the AMR payload and AMR header is about 14 bytes while the size of the RTP/UDP/IP header is 40 bytes. For coverage enhancements, header compression is needed in order to reduce the size of the data. Besides, for security, ciphering and integrity protection are needed. Therefore we think the PDCP SN field and the MAC-I field are still needed in NTN.

The Control PDU is used to carry the PDCP status report, ROHC feedback, or EHC feedback.

· The control PDU for PDCP status report is used to avoid the retransmission and loss of the packets. In NTN, there also exist handovers. Therefore the control PDU for PDCP status is needed. 
· The control PDU for ROHC feedback is generated by the ROHC protocol. As discussed above, the header compression is needed. Therefore the control PDU for ROHC feedback is needed. 
Therefore, to support service continuity in NTN, the D/C field, PDCP SN field and MAC-I field in PDCP header are needed for VoNR.

Observation 3: In NTN, the D/C field, PDCP SN field and MAC-I field in PDCP header are needed for VoNR. 

RLC:

For the RLC, there are three modes, i.e. TM, UM and AM RLC. 

In TM, there is no RLC header. The TM is only applied to BCCH, DL/UL CCCH and PCCH, and not applied to DTCH. If we use the TM for the VoNR in NTN, the restriction should be lifted in specs. Besides, the gNB should provide a suitable grant to avoid packet segmentation. But the data in the VoNR includes the silence frames and voice frames, of which the sizes are different. Even if the size of voice frames is fixed, the size of PDCP Data PDU is not fixed because the size of data after head compression is variable. So for DL, the gNB may be able to configure a suitable grant for the DL data transmission based on the size of the PDCP data PDU. But for UL, the gNB does not know the size of the UL data. It is difficult for the gNB to configure a suitable UL grant to avoid segmentation. If we want to use the TM in NTN for the VoNR, the gNB may need to allocate the UL grant according to the maximum TB size, which will waste radio resource and decrease coverage.  
Observation 4: If RLC TM mode is allowed to be applied to VoNR, RLC header can be saved but it is hard for gNB to allocate suitable UL grant for the UE. 
In UM, the RLC header contains an SI field, R fields, an SN field and an SO field. The SI field indicates whether an RLC PDU contains a complete RLC SDU or the first, middle, last segment of an RLC SDU. The SN field is only present when the corresponding RLC SDU is segmented. The SO field is present when the Data field consists of an RLC SDU segment which is not the first segment. 
Same to the above discussion for the TM, segmentation is needed in UM for the uplink transmission. Otherwise, there may be a large waste of resource.
Observation 5: If the UM mode is used in NTN, the SI field, SN field and SO field in RLC header are needed for VoNR.
In AM, the RLC PDU header contains a D/C, a P, an SI, and an SN. An AMD PDU header contains the SO field only when the Data field consists of an RLC SDU segment which is not the first segment. The P field indicates whether the transmitting side of an AM RLC entity requests a STATUS report from its peer AM RLC entity. The SN and D/C are present for every RLC SDU.

In our understanding, the P field may not be needed if the network uses the t-Reassembly to trigger the status report. But the D/C, SI and SN fields are needed. 

Observation 6: If the AM mode is used in NTN, the D/C, SI and SN fields in RLC header are needed for VoNR.
MAC:
The MAC header contains an F, an LCID, an R and an L fields. 
· The L field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. 

· The F field indicates the size of the L field. The size of the F field is 1 bit. The value 0 indicates 8 bits of the L field. The value 1 indicates 16 bits of the L field. 
· The LCID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE.
The data in the VoNR includes the silence frames and voice frames, of which the sizes are different. Even if the size of voice frames is fixed, the size of PDCP Data PDU is not fixed because the size of data after head compression is variable. Therefore, the L field is needed and the F field is also needed in order to reduce the size of the L field. Besides, considering that there are SRB, DRB and UL/DL MAC CE in NTN, the LCID field is also needed.
Observation 7: The F, LCID and L fields in MAC header are needed for VoNR.

In summary, before we decide whether to include reducing RAN protocol overhead for VoNR into the final NTN WI scope after the 6-month study phase, RAN2 should answer these two questions:

1) Whether L2 protocol overhead for VoNR is an NTN-specific issue to solve in R18 NTN.

2) Which of the L2 headers can actually be saved and how much potential gain can be obtained by this way.
Proposal: RAN2 to evaluate the following two aspects of reducing RAN protocol overhead for VoNR in the 6-month study phase:

1) Whether L2 protocol overhead for VoNR is an NTN-specific issue to solve in R18 NTN.

2) Which of the L2 headers can actually be saved and how much potential gain can be obtained by this way.

3 Conclusion

In this contribution, we discuss the L2 overhead in the coverage enhancement and have the following observations and proposal:

Observations:
Observation 1: The motivation of L2 protocol overhead reduction for VoNR also exists in the TN scenario.

Observation 2: In NTN, the UL/DL SDAP header can already be absent via appropriate configuration according to the current specification.

Observation 3: In NTN, the D/C field, PDCP SN field and MAC-I field in PDCP header are needed for VoNR. 

Observation 4: If RLC TM mode is allowed to be applied to VoNR, RLC header can be saved but it is hard for gNB to allocate suitable UL grant for the UE. 
Observation 5: If the UM mode is used in NTN, the SI field, SN field and SO field in RLC header are needed for VoNR.
Observation 6: If the AM mode is used in NTN, the D/C, SI and SN fields in RLC header are needed for VoNR.
Observation 7: The F, LCID and L fields in MAC header are needed for VoNR.

Proposals:

Proposal: RAN2 to evaluate the following two aspects of reducing RAN protocol overhead for VoNR in the 6-month study phase:

1) Whether L2 protocol overhead for VoNR is an NTN-specific issue to solve in R18 NTN.

2) Which of the L2 headers can actually be saved and how much potential gain can be obtained by this way.
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