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1
Introduction
In the previous RAN2 meeting a new PDCP SN length of 23 bits was agreed as a baseline. In this contribution we discuss the implications of this agreement on the PDCP Status report and we propose a way forward.
2
PDCP Status PDU
2.1
PDCP status report in Rel-12

Currently the PDCP Control PDU for PDCP status report consists of FMS (first missing PDCP SDU/SN) field and bitmap which indicates which PDCP PDUs have been received correctly, see Figure 1. 
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Figure 1: PDCP Control PDU format for PDCP status report using a 15 bit SN
About the construction of the PDCP status report, TS 36.323 says:
-
setting the FMS field to the PDCP SN of the first missing PDCP SDU;

-
if there is at least one out-of-sequence PDCP SDU stored, allocating a Bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8;

Thus the maximum size of the bitmap can in the worst case be half of the sequence number space. With 15 bit SN the maximum size of the bitmap is 16384 bits or 2048 octets. Then the resulting PDCP status report is always smaller than the maximum PDCP data PDU size (the maximum PDCP SDU size is 8188 octets).

PDCP Status report is sent, if configured for a bearer, typically after handover, i.e., when PDCP re-establishment is requested by upper layers. With dual connectivity, PDCP status report is sent also when SeNB is changed (for SCG bearer the PDCP re-establishment and for split bearer the PDCP Data Recovery procedure is requested). The PDCP status report is sent in order to minimise unnecessary retransmissions after the HO or SCG change and is not mandatory in nature: the status reports are only used to reduce duplicates and PDCP will always retransmit everything unless it is indicated as successfully received.

2.2
Discussion on PDCP status report for Rel-13

PDCP SN was agreed as a baseline to be extended to 23 bits in Rel-13 due to increased peak data rates resulting from carrier aggregation of up to 32 component carriers. In addition to increasing the PDCP SN length to 23 bits, also FMS field has to be extended to 23 bits and, if nothing is changed, also the maximum bitmap size is extended to 2^22 = 4 194 304 bits or 524288 octets.

Observation 1: Maximum PDCP status report size is more than 500 000 octets if PDCP SN length is 23 bits and the same principles are followed in Rel-13 as in Rel-12.
Thus the maximum PDCP Control PDU size would be more than 64 larger than the maximum PDCP Data PDU size. This does not seem to be reasonable, especially if the receiver and transmission buffers have to be re-dimensioned due to a potential oversized PDCP Control PDU. Furthermore, transmission of a very large PDCP Control PDU would take a long time. The transmitting RLC has to segment the PDCP Control PDU in the transmitter and the receiving RLC will wait and collect the segments to reassemble the PDCP Control PDU before delivering it to PDCP layer. This may take a very long time if tens or even hundreds of segments have to be sent over a limited capacity uplink just after HO or SeNB change.
Observation 2: Transmission of a long PDCP Status report can take very long time due to RLC segmentation and reassembly.
Based on the above observations it seems to be necessary to limit the PDCP status report size. Next we discuss possible ways of reducing the PDCP status report size.

One possible and natural way to limit the PDCP status report size is to specify a shorter PDCP SN length, i.e., not extend it to 23 bits. Since we are going from 5 CCs up to 32 CCs, the peak data rate is increased to more than 6 times higher. Therefore, it seems that PDCP SN length should be extended at least by 3 bits, i.e., to 18 bits. With 18 bits PDCP SN length, the maximum PDCP status report is more than 16000 bytes which is still larger than the maximum PDCP Data PDU size. Therefore, it seems that defining a shorter PDCP SN length alone is not enough.
Observation 3: PDCP SN length of 18 bits results into a maximum PDCP status report size of more than 16000 bytes and does not shorten the PDCP status report enough.
Another possible way is trying to compress the bitmap. Especially if the bitmap is sparse and mainly containing 1’s, then it would be more efficient to report only the missing PDCP PDUs (similar to RLC status PDU report only NACK_SN’s). If the bitmap is sparse and mainly contains 0’s, then it would be more efficient to report only the correctly received PDCP PDUs (ACK_SN’s). However, if there are only a few correctly received PDCP PDUs, retransmitting them is not wasting resources too much. Therefore, we propose to introduce as an alternative a NACK_SN based PDCP status report. The UE should select either the bitmap or NACK_SN based PDCP status report, whichever results into smaller status report.
Proposal 1: Introduce NACK_SN based PDCP status report as an alternative. UE should select either bitmap or NACK_SN based PDCP status report, whichever results into smaller status report.

NOTE: 
naturally, with such an approach, the length of the Rel-8 bitmap would be lost and it would then be impossible for the receiver to know how many PDUs have been successfully received after the last NACK_SN indicated. So in addition to the NACK_SN, the last out-of-sequence PDCP SDU stored would have to be indicated.
Compression of the bitmap by using NACK_SN based status report does not always succeed and does not necessarily result into a smaller PDCP status report. Thus introducing an alternative format alone seems not solve the problem always.

A simple way to limit the PDCP status report size is to define a maximum size for a PDCP status report or alternatively for a PDCP Control PDU. In order to allow some differentiation in eNB implementation, the maximum PDCP Control PDU size could be configurable.
Proposal 2: Limit the maximum size of the PDCP Control PDU.
Proposal 3: Make the maximum size of the PDCP Control PDU configurable.

If the size of the PDCP status report is limited, then the next question is what should be reported with the limited sized control PDU. The simplest way (from specification and implementation point of view) is to truncate the bitmap (or the list of NACK_SN’s) and report as much as possible. And since the report only aims at reducing duplicates, the most useful approach would consist in selecting the portion of the bitmap that contains the most 1’s.. 
Another way to get the PDCP status information faster to the transmitter side is to segment the PDCP status report at PDCP level. Then there is no need to wait at RLC level that the whole PDCP status report is correctly received before delivering the first segment to PDCP layer. By segmentation of the PDCP status report, the maximum size of PDCP Control PDU can be easily reached without losing information.
Proposal 4: Introduce PDCP level segmentation of the PDCP status report.
3
Conclusions
In this contribution we discuss the implications that the extended PDCP SN of 23 bits has on the PDCP Status report. We make the following observations.
Observation 1: Maximum PDCP status report size is more than 500 000 octets if PDCP SN length is 23 bits and the same principles are followed in Rel-13 as in Rel-12.

Observation 2: Transmission of a long PDCP Status report can take very long time due to RLC segmentation and reassembly.

Observation 3: PDCP SN length of 18 bits results into a maximum PDCP status report size of more than 16000 bytes and does not shorten the PDCP status report enough.

As a way forward we propose:
Proposal 1: Introduce NACK_SN based PDCP status report as an alternative. UE should select either bitmap or NACK_SN based PDCP status report, whichever results into smaller status report.

Proposal 2: Limit the maximum size of the PDCP Control PDU.

Proposal 3: Make the maximum size of the PDCP Control PDU configurable.

Proposal 4: Introduce PDCP level segmentation of the PDCP status report.
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