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1   Introduction
In RAN2#97bis meeting, the following agreements were made about PDCP PDU format [1]:

	-
PDCP SN length should be up to at least up 18 bits (for data bearer). FFS if there are use cases in which larger value is needed and which value for AM/UM.

-
PDCP SN length 12 bits is supported for RLC UM and AM and for both DRB(s) and SRB(s)

-
LTE PDCP PDU format for DRBs will be the reused


In this contribution, the remaining issues regarding to PDCP data PDU format and PDCP control PDU format will be further studied.
2   Discussion
2.1 PDCP Data PDU format
In LTE, PDCP data PDU formats for SRBs and DRBs are different. There are one PDCP data PDU format for SRBs with the same SN lengths and four PDCP data PDU formats for DRBs with different SN lengths as showed in the figures below. 
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Figure 2: PDCP data PDU formats for DRBs in LTE Figure 1: PDCP data PDU format for SRBs in LTE


As can be seen from the above figures, the D/C field is included in PDCP for DRBs and not included in PDCP for SRBs. And the P field is only included in the PDCP format with 18 bits SN in LTE.
In RAN2#97bis meeting, it has been agreed in NR:

PDCP SN length 12 bits is supported for RLC UM and AM and for both DRB(s) and SRB(s)

LTE PDCP PDU format for DRBs will be the reused
According to the agreements, PDCP SN length 12 bits is supported for both DRB(s) and SRB(s). And PDCP SN length 18 bits may be supported for DRB(s). To avoid too many formats, it is better that 7 bits and 15 bits are not supported in NR.

Proposal 1: 7 bits and 15 bits PDCP SN are not supported in NR.
Based on this, it leaves to discuss in what formats the D/C field and P field are needed.
In LTE, the D/C field is used to indicate whether this is a control PDU or data PDU. As no control PDU is transmitted via SRBs, the D/C field seems not essential for PDCP data PDU for SRBs. However, if a common design of PDCP PDU for DRB and SRB is desired, there is no harm to include D/C field for SRBs.
In LTE, the P field is used to triggers a PDCP status report or LWA status report for LWA. For DRB, the transmitter can request the receiver to send a PDCP status report to perform flow control. For the case of PDCP duplication in DL, the gNB can request the UE to report a PDCP status report using the P field. Based on the PDCP status report, the gNB can control the flow rate delivered to the two legs of one PDCP entity. For SRB, see the arguments for D/C field.
Proposal 2: Include D/C field and P field in the PDCP PDU format for SRB if a common design of DRB and SRB is desired. Otherwise not.
Proposal 3: Include P field in the PDCP PDU format for all DRBs.
2.2 PDCP Control PDU format
In LTE, there are three kinds of PDCP control PDUs as showed in the figure below. 
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Figure 3: PDCP control PDU formats in LTE


For D/C field and PDU Type field, they are both essential for PDCP control PDU in NR. In LTE, the size of PDU Type field is 3 bits which can indicate 8 kinds of PDCP control PDUs. Up to Rel-14, there are 3 types of PDCP control PDUs. In NR, 3 bits should be enough as there is no motivation to support more than 8 kinds of PDCP control PDUs for now. 

Proposal 4: Include D/C field and 3bits PDU Type field in PDCP control PDU format.
In NR, out-of-order delivery is agreed from RLC to PDCP. So it is very likely that PDCP receives duplicated PDUs or PDUs in the different order from the transmitting side. In LTE, PDCP control PDU has no SN field. If NR reuse this rule, PDCP cannot perform duplication detection and reordering for control PDUs. There may be some problems in some case.
For the PDCP status report, it should be no problem if the receiver receives duplicated or out-of-order PDCP status report control PDUs. For the ROHC feedback, it seems RFC 4995 assumes in order delivery of ROHC packets in some cases at least for some profiles. As the ROHC feedbacks are used for update the compression state (IR, FO, SO) at the compressor, out-of-order delivery of ROHC feedbacks may affect the ROHC performance. But it could be difficult to evaluate how much ROHC performance would be hurt by out of order delivery of ROHC feedback in RAN2. Therefore a safe way is to use PDCP SN in the PDCP control PDU for reordering of ROHC feedbacks.

Proposal 5: Include SN field in PDCP control PDU format to avoid potential problems.

2.3 Integrity check field for DRB and PDCP control PDU
In LTE, integrity protection is performed for only SRB and integrity check field is included only in PDCP data PDU format for SRB. In NR, the integrity protection for user plane is discussed in SA3 and some interim agreements were made. In [2], it is specified:
UP integrity is mandatory to support and optional to use by 5G UEs and 5G networks in 5G phase 1, with the exception of 5G UEs that can only access the EPC.
It shall be possible to negotiate the use of UP integrity between 5G UEs and 5G networks in 5G phase 1. Its use shall be determined by the network.
Algorithms allow either 32-bit or 64-bit MACs to be produced, and the device can optionally indicate which it prefers.

To enable this optional feature, a configurable integrity check field should be included in the PDCP PDU formats for DRB data. And the field size can be configured by RRC signaling, i.e. 32 bits or 64 bits.
Proposal 6: Include a configurable integrity check field in the PDCP data PDU for DRB.

Proposal 7: The size of integrity check field can be configured by RRC signalling.
In addition to the PDCP data PDU for DRB, no integrity protection is applied to the PDCP control PDU for DRB and SRB in LTE either. Therefore synchronisation between sender and receiver can be lost if the received PDCP control PDU does not match the actual PDCP control PDU. Such problems can be detected if a configurable option is provided to add a message integrity check to the PDCP control PDU. The message integrity check can be computed using the same integrity key used for PDCP data PDUs.
Proposal 8: Include a configurable integrity check field in the PDCP control PDU.
3   Conclusion
By discussing the PDCP PDU format in NR we have the following proposals:

Proposal 1: 7 bits and 15 bits PDCP SN are not supported in NR.
Proposal 2: Include D/C field and P field in the PDCP PDU format for SRB if a common design of DRB and SRB is desired. Otherwise not.

Proposal 3: Include P field in the PDCP PDU format for all DRBs.

Proposal 4: Include D/C field and 3bits PDU Type field in PDCP control PDU format.

Proposal 5: Include SN field in PDCP control PDU format to avoid potential problems.
Proposal 6: Include a configurable integrity check field in the PDCP PDU formats for DRB.

Proposal 7: The size of integrity check field can be configured by RRC signalling.
Proposal 8: Include a configurable integrity check field in the PDCP control PDU.
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