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1   Introduction
In RAN2#97 meeting, there was a discussion regarding concatenation at PDCP [1] to reduce the overhead for transmission of small packets. In this contribution, we will discuss the issue and potential solutions to address this issue. In the contribution, the QoS layer is called SDAP (Service Data Adaptation Protocol).
2   Discussion
According to the analysis in [1], the small data transmission would cause large L2 overhead in NR as each IP packet needs to be associated with a PDCP header, a RLC header and a MAC sub-header. The analysis has not taken into account the potential SDAP header (e.g. indicator of QoS flow ID) which would further increase the L2 overhead.
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Fig.1 Data and overheads in L2
Observation 1: Considering the L2 overhead including SDAP/PDCP/RLC/MAC headers, transmission of small packets in NR is less efficient compared to the large packet transmission.

Concatenation can be used to reduce the L2 overhead, but it is better to be done in the SDAP layer because SDAP overhead can be further reduced compared to performing concatenation in PDCP.

Proposal 1: If deemed beneficial, concatenation of IP packets can be performed at the SDAP layer.  

It was proposed in [1] that several IP packets can be first compressed by RoHC and grouped together in a PDCP PDU. It is further proposed that the length indicator is not necessary for each PDCP SDU (i.e. IP packet) and the length field in IP can be reused for the receiver side to perform SDU separation. 
However, it is difficult to assume that the PDCP layer can understand the length field of upper layer headers, considering that there could be different upper layer protocol (i.e. IP or non-IP) and different IP protocols may have different IP packet formats (e.g. IPv4 or IPv6). Furthermore, the upper layer PDU format can be updated in future. It is not feasible to update the UE and the gNB to adapt to the new upper layer PDU format.
Proposal 2: The length field in upper layer PDU format (e.g. IP format) should not be used for AS layers to identify SDU size.
However, if a length indicator is added in for each upper packet for concatenation, it would increase the L2 overhead and the benefit for doing concatenation becomes smaller. Considering that many small packets usually have fixed PDU size (e.g. TCP ACKs, VoIP packets), it is beneficial to group only those upper packets of fixed size. In this case, the length indicator of SDU is not needed in SDAP PDU format as shown in Fig.2 below.
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Fig.2 SDAP PDU format with concatenation
Proposal 3: Concatenation can be done only for those upper layer packets with fixed size. Therefore, length indicator of SDAP SDU is not needed in SDAP PDU format.

Another issue is when the concatenation should be performed at the gNB/UE for DL/UL. 
For DL, it is reasonable for the gNB to do concatenation by implementation, and the gNB can make sure that this concatenation will not result in too much delay.

For UL, in order to guarantee the latency, the PDAP layer should not buffer upper layer packets for a long time for the purpose of concatenation. It is beneficial for the gNB to configure a maximum buffer time to the UE.
Proposal 4: for DL, it is up to the gNB how to do concatenation.

Proposal 5: for UL, the gNB can configure a maximum buffer time for the UE to do concatenation.

3   Conclusion
Observation 1: Considering the L2 overhead including SDAP/PDCP/RLC/MAC headers, transmission of small packets in NR is less efficient compared to the large packet transmission.

Proposal 1: If deemed beneficial, concatenation of IP packets can be performed at the SDAP layer.  

Proposal 2: The length field in upper layer PDU format (e.g. IP format) should not be used for AS layers to identify SDU size.

Proposal 3: Concatenation can be done only for those upper layer packets with fixed size. Therefore, length indicator of SDAP SDU is not needed in SDAP PDU format.

Proposal 4: for DL, it is up to the gNB how to do concatenation.

Proposal 5: for UL, the gNB can configure a maximum buffer time for the UE to do concatenation.
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