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1.  Introduction
During RAN#55, there was a discussion regarding PDCP SN length for LTE based on [1]. It was decided to continue discussion on the following issues via email.:

How long should the PDCP SN be?

Should two PDCP SN lengths be defined?

This document intends to kick-off the email discussion and capture the RAN2 views as the discussion progresses.
2. Discussion
2.1 How long should the PDCP SN be?
In this section, it is suggested to address the requirements on PDCP SN length for the different roles of the PDCP SN outlined in [1].

Role 1: (de)ciphering U-plane data and NAS signalling
Assuming that the (de)ciphering SN will consist of HFN and PDCP SN as in UMTS (actually RLC SN for UMTS), the PDCP SN should be long enough to avoid HFN mismatch at bulk discard. 4 cases are addressed below:

[Case 1] TCP applications

For TCP applications, if TCP window size is configured to 250kB (required TCP window size to support 100Mbps with a 20ms TCP RTT), the maximum bulk discarding that can occur is 167 PDCP PDUs assuming a 1500byte payload. With such dimensioning, the required PDCP SN length is 8bits. However, there could be larger TCP RTTs depending on the transport delay, and it is thought that the PDCP SN should be designed to account for some margin. It is thought to be enough if the PDCP SN could support a 100ms TCP RTT and a 1 bandwidth delay product buffering at a bottleneck node in addition to “in-flight” packets. The required PDCP SN length in this case would be 11bits (to handle bulk discarding of 1667 PDCP PDUs).
[Case 2] VoIP

For VoIP, assuming 50% voice activity, a packet arrival period of 20ms and that T313*N313 is set to 10seconds, the maximum bulk discarding that can occur is 250 PDCP PDUs. Therefore, the required PDCP SN length is 8bits.
[Case 3] UDP streaming

For UDP streaming, assuming a 2Mbps streaming service, a 1500byte payload and that T313*N313 is set to 10seconds, the maximum bulk discarding that can occur is 1667 PDCP PDUs. Therefore, the required PDCP SN length is 11bits. However, if there is a 2MB de-jitter buffer, the maximum bulk discarding that can occur is reduced to 334 PDCP PDUs. In this case, the required PDCP SN length is 9bits.
[Case 4] NAS signalling

For NAS signalling, possibilities of bulk discarding are not foreseen. Therefore, the required PDCP SN length is thought to be 4bits, which is equivalent to the RRC SN used for integrity protection in UTRA.
Role 2: UL PDCP PDU reordering at aGW during inter eNB handover
According to the analysis in [1], the required PDCP SN length is 8bits for (delay tolerant) U-plane data, and this requirement is less strict than that for (de)ciphering. For NAS signalling, 4bits is thought to be enough.
Role 3: DL PDCP PDU reordering at UE during inter eNB handover (FFS)
According to the analysis in [1], the required PDCP SN length is 9bits for (delay tolerant) U-plane data, and this requirement is less strict than that for (de)ciphering. For NAS signalling, 4bits is thought to be enough.
2.2 Should more than one PDCP SN lengths be defined?

In order to decide whether LTE should support more than one PDCP SN lengths or not, the benefits and the costs should be identified. This is addressed below.

[Benefits]

According to the required PDCP SN length addressed in section 2.1, the required lengths for U-plane data differ for different service types, i.e. 8-11bits. For VoIP, it may be argued that the upper bound of 11bits may be too big. For example, assuming a 12.2kbps VoIP packet and a compressed IP/UDP/RTP header of 1byte, the 3bit extra PDCP SN would cost an additional 1.2% header overhead. However, it should be noted that the PDCP header should be byte aligned (so that RLC can assume byte aligned SDUs), so in reality, the upper bound of 11bits may lead to an extra 8bit PDCP header, resulting in a 3.2% additional header overhead for the VoIP packet. If two PDCP SN lengths are defined, this overhead can be optimized.
Also, the required PDCP SN length for NAS signalling is assumed to be 4bits, and again it could be argued that applying the PDCP SN length required for U-plane to NAS signalling introduces unnecessary overhead.

[Cost]
If it is decided to define more than one PDCP SN lengths for LTE in the standard, it is assumed that the PDCP SN length will be dependent on the SAE bearer type. For example, NAS signalling could use a 4bit PDCP SN, SAE bearers carrying VoIP could use an 8bit PDCP SN, whereas SAE bearers supporting high bit rate UDP streaming and TCP data flows could use a PDCP SN of longer length. The concerns involved in supporting more than one PDCP SN lengths in the standard seem to be just having to support multiple PDCP header formats at the aGW and the UE.

3. Conclusion
In section 2.1, it was observed that the required PDCP SN length will be dependent on the SAE bearer type.
It has been expressed that the strictest requirements, which come from TCP applications and UDP streaming applications, could require the PDCP SN length to be 11bits or more. Considering that the PDCP header should be byte aligned (so that RLC can assume byte aligned SDUs), it is concluded that at least a 2byte PDCP header structure is needed to take care of this strictest requirement (assuming that other PDCP header components, e.g. PID, doesn’t consume more than 5bits).

Then, it has been observed that SAE bearers carrying VoIP data and NAS signalling require less number of bits for the PDCP SN. It should be discussed in RAN2 on whether it will be possible to have a 1byte PDCP header structure (with shorter PDCP SN length) in order to optimize the overhead for these cases.
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