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Introduction
For PDCP sequence number in NR, RAN2 agreed in RAN2#97bis that up to at least 18 bits should be supported. However, the exact length is still FFS.

	Agreements
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.



In this contribution, we discuss the FFS point highlighted above.
[bookmark: _Ref178064866]Discussion
In LTE, UEs had many UE categories supporting different hardware capabilities and different peak data rates. And the PDCP SN length is designed for different peak data rates. For example, the 18 bits PDCP SN is configured for both uplink and downlink to support the 3, 4 and 5 CCs in CA. Hence, the peak data rate should be considered when determining the PDCP SN length.

The PDCP SN length is related to the peak data rate.

PDCP associated with RLC AM in LTE performs the reordering function to support in sequence delivery for PDCP PDUs received from two legs. The value of reordering timer ranges from 0ms to 750ms.
RLC in NR supports the out of sequence delivery to PDCP regardless of RLC mode, and PDCP in NR always performs the reordering function regardless of RLC mode. If missing PDCP PDU is detected, the receiver PDCP entity would store the out-of-order PDCP PDUs in buffer until the reordering timer is expired. Hence, the reordering timer value should be considered to design PDCP SN length.
In RAN#97bis, the contributions [1-2] are proposed to determine the PDCP SN length using RTT, peak data rate, and PDCP PDU length. However, those contributions do not consider the reordering timer value when determining the PDCP SN length.

The PDCP SN length is related to the reordering timer value.

The number of stored PDCP PDUs according to reordering timer value
The bps is a measurement of the data transmission speed indicating how many bits pass a certain point in one second. And the requirement on peak data rate for NR is 20Gbps [3]. So, we can calculate the number of PDCP PDUs per 1ms as below.


Table 1  The parameter for formula in peak data rate environment
	Parameter
	Value

	Peak data rate (bps)
	

	Milliseconds (per 1 second)
	

	Bits (per 1 byte)
	

	PDCP PDU length (byte)
	



In peak data rate environment, the number of PDCP PDUs per 1ms is approximately 1,760. It means that transmitter PDCP entity may transmit 1,760 PDCP PDUs per 1ms. The receiver PDCP entity should be able to store those number of PDCP PDUs for reordering.
The table 2 shows maximum number of stored PDCP PDUs according to t-reordering value. If the one or more PDCP PDUs are lost, the receiver PDCP entity starts the reordering timer. When the reordering timer value is configured to 750ms, the receiver PDCP entity should be able to store PDCP PDUs up to 1,340,250 (assuming the first one is lost). However, the maximum number of stored PDCP PDUs with the 18bits PDCP SN is 131,072 (=217). It means that only the reordering timer values up to 60ms can be used for 18bits PDCP SN. 
If 750ms reordering time still needs to be guaranteed in NR, the PDCP SN length should support at least the 22bits PDCP SN, because the maximum number of stored PDCP PDUs with the 22bits PDCP SN is 2,097,152 (=221).


Table 2	The maximum number of stored PDCP PDUs according to t-reordering value
	Reordering timer value (ms)
	The maximum number of stored PDCP PDUs

	0
	0

	20
	35,740

	40
	71,480

	60
	107,220

	80
	142,960

	100
	178,700

	200
	357,400

	300
	536,100

	500
	893,500

	750
	1,340,250




With 18bits PDCP SN length, reordering time can be only up to 60ms.
To support 750ms reordering time, the PDCP SN length should be at least 22bits.

Determining the PDCP SN length
As explained in section 2.1, at least 22bits PDCP SN should be used if we want to allow reordering time up to 750ms. However, 22bits PDCP SN may not be future proof if peak data rate is increased in a future.
In LTE, when the UE category is changed, the PDCP SN length is also extended to cope with the increased peak data rate. In the same manner, the peak data rate in NR is expected to be increased, and then the PDCP SN length may need to be extended from 22bits. 
In order to avoid continuous update of PDCP SN length, we propose to define 32bits PDCP SN length as one PDCP PDU format. If the 32bits is defined as the PDCP SN, no more discussion would be needed in a future even if data rate is increased.
The maximum number of stored PDCP PDUs with the 32bits PDCP SN is 2,147,483,648 (=231). It means that the receiver PDCP entity can store the PDCP PDUs during 1,220 seconds in 20Gbps environment. Moreover, as 32bits is equal to the length of COUNT, the HFN de-synchronization problem could be avoided at all.

Proposal 1	Introduce PDCP PDU format with 32bits PDCP SN.

Conclusion
Based on the discussion, we propose the following: 
Proposal 1	Introduce PDCP PDU format with 32bits PDCP SN.
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