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1. Introduction
RAN2 has agreed the following: 

· 12-bit PDCP SN is used for SRBs and for RLC AM and UM DRBs 
· 18-bit PDCP SN is used for RLC AM DRBs

We would like to discuss configuration and reconfiguration of PDCP SN length.
2. Discussion

2.1 
Configuration of PDCP SN length
The maximum data rates can be achieved with 12-bit PDCP SN and 18-bit PDCP SN as shown in the table below.
	PDCP RTT
	Maximum data rate for 12-bit SN
	Maximum data rate for 18-bit SN

	50 ms
	491.52 Mbps
	31.45728 Gbps

	25 ms
	983.04 Mbps
	62.91456 Gbps

	10 ms
	2.4576 Gbps
	157.2864 Gbps

	4 ms
	6.144 Gbps
	393.216 Gbps


It has been observed in the commercial LTE devices that the downlink data rate is increasing by implementing 3, 4 and 5 CCs in downlink CA while the commercial devices support at most 2 CCs in uplink transmission. It is foreseen that more downlink CCs (e.g. 8 or 10 CCs) will be supported by advanced LTE devices to reach higher downlink data rate and probably the advanced LTE devices still support the 2 CCs in uplink. A large PDCP SN length (e.g. 18 bits) may be configured to the UE to support the higher DL data rate. However, the uplink transmission does not benefit from the large PDCP SN length. Instead the large PDCP SN length decreases the uplink data rate due to the PDCP header overhead. 
NR devices will have a similar situation as LTE devices with imbalanced uplink and downlink data rates. Therefore it would be good to have separate configurations for NR PDCP SN lengths for uplink and downlink. Thus, the PDCP header overhead for uplink is not increased by the high downlink peak data rate.
Proposal 1: NR PDCP SN lengths for UL and DL can be separately configured.
2.2 
Reconfiguration of PDCP SN length
PDCP SN length may be reconfigured when the data rate or transmission bandwidth (e.g. number of CCs) is changed. For example, the PDCP SN length may be reconfigured from 12 bits to 18 bits when the NSA or downlink CA is configured. Since COUNT is used for security, reconfiguration of PDCP SN length has no impact on security. The PDCP transmitter uses PDCP PDU format with 18-bit PDCP SN to transmit PDCP PDUs upon reconfiguration. However the PDCP receiver does not know the exact timing (i.e. from which PDCP SN) the UE starts using the 18-bit PDCP PDU format. Some options are provided below to consider:
Option 1: Reconfiguration of PDCP SN length can be only done when PDCP reestablishment is done (e.g. handover or RRC re-establishment).

This option follows LTE behaviours. When the gNB wants to change the PDCP SN length, the gNB has to use a RRC procedure involving PDCP reestablishment. For example, the RRC procedure can be a handover procedure or RRC connection reestablishment. 
Option 2: PDCP Data PDU indicate PDCP PDU format in the header.

A SN length indication field in the header of PDCP Data PDU indicates 12-bit PDCP SN or 18-bit PDCP SN is used in the PDCP PDU. The receiver identifies the PDCP PDU format according to the field.
Option 3: A PDCP Control PDU indicates a SN of the first PDCP Data PDU using the new PDCP PDU format.
The PDCP Control PDU includes a COUNT value associated to the first PDCP Data PDU using the new PDCP PDU format. Before receiving the PDCP Control PDU, the receiver assumes received PDCP Data PDUs use the old PDCP PDU format.
Option4: Reconfiguration of PDCP SN length doesn’t need any special handling. gNB ensures no PDCP PDUs of an old PDCP PDU format is being transmitted during reconfiguration of PDCP SN length.

As described in section 2.1, the maximum downlink data rate is much higher than the maximum uplink data rate. PDCP SN length may be reconfigured when downlink CCs are added. Practically, there is no need to reconfigure PDCP SN length for uplink when the downlink CCs are added. gNB can control its transmission of PDCP Data PDUs to avoid the confusion in the UE.
	Options
	Pros
	Cons

	Option 1
	LTE behaviours are followed.
No special handling
	PDCP reestablishment requires lower layer synchronization (i.e. random access and RLC reestablishment).

	Option 2
	No PDCP reestablishment is required
	Need to add the SN length indication in the header of PDCP Data PDU. The UE needs to parse it in every PDCP Data PDU.

	Option 3
	No change in the PDCP Data PDU format
No PDCP reestablishment is required
	Need to define the PDCP Control PDU indicating a SN of the first PDCP Data PDU using the new PDCP SN length.

	Option 4
	No PDCP reestablishment is required
The SN length indication is not needed in the PDCP Data PDU format

The PDCP Control PDU indicating SN length is not needed
	gNB needs to take the timing of reconfiguration of PDCP SN length.


Proposal 2: RAN2 discuss the options and select one of them.
3. Conclusion 
In this contribution we provide proposals below for RAN2 to discuss.

Proposal 1: NR PDCP SN lengths for UL and DL can be separately configured.

Proposal 2: RAN2 discuss the options and select one of them.
· Option 1: Reconfiguration of PDCP SN length can be only done when PDCP reestablishment is done (e.g. handover or RRC re-establishment).
· Option 2: PDCP Data PDU indicate PDCP PDU format in the header.
· Option 3: A PDCP Control PDU indicates a SN of the first PDCP Data PDU using the new PDCP PDU format.
· Option4: Reconfiguration of PDCP SN length doesn’t need any special handling. gNB ensures no PDCP PDUs of an old PDCP PDU format is being transmitted during reconfiguration of PDCP SN length.
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