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1. Introduction
The PDCP SN length impacts the number of PDCP SDUs can be transmitted within one PDCP round-trip time (RTT), i.e. the peak data rate. In this paper, we provide views and proposals on the design of PDCP SN length.
2. Discussion

2.1
LTE PDCP SN length
LTE PDCP supports the following PDCP SN lengths [1]:
Table 1: LTE PDCP SN length
	Length
	Description
	RLC mode

	5
	SRBs
	AM

	7
	DRBs, if configured by upper layers (pdcp-SN-Size [3])
	UM

	12
	DRBs, if configured by upper layers (pdcp-SN-Size [3])
	AM, UM

	15
	DRBs, if configured by upper layers (pdcp-SN-Size [3])
	AM

	16
	SLRBs
	UM

	18
	DRBs, if configured by upper layers (pdcp-SN-Size [3])
	AM


The peak data rate depends on the PDCP SDU size, PDCP RTT and the maximum number of PDCP PDUs transmitted within the PDCP RTT and can be calculated by the formula below.
Peak data rate = 
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For example, assuming the typical maximum IP packet size 1500 bytes is used as the PDCP SDU size and PDCP RTT 50 ms, the peak data rate for 7-bit SN = 1500*8*2(7-1) = 15.36 Mbps. We calculate peak data rates with different PDCP RTTs and PDCP SN lengths as shown in table 2.
Table 2: Peak data rates with different PDCP RTTs in LTE (PDCP SDU size = 1500 bytes)
	PDCP RTT
	5-bit SN
	7-bit SN
	12-bit SN
	15-bit SN
	16-bit SN (NOTE)
	18-bit SN

	50 ms
	3.84 Mbps
	15.36 Mbps
	491.52 Mbps
	3.93216 Gbps
	7.86432 Gbps
	31.45728 Gbps

	25 ms
	7.68 Mbps
	30.72 Mbps
	983.04 Mbps
	7.86432 Gbps
	15.72864 Gbps
	62.91456 Gbps

	10 ms
	19.2 Mbps
	78.8 Mbps
	2.4576 Gbps
	19.6608 Gbps
	39.3216 Gbps
	157.2864 Gbps


NOTE: 16-bit SN is only used in sidelink in LTE and the peak data rate is only for reference.
2.2 
Consideration on NR PDCP SN length for user plane
2.2.1
Maximum PDCP SN length
The requirement on peak data rate for NR is defined in TR 38.913 [2] as shown below.
	7.1
Peak data rate
Peak data rate is the highest theoretical data rate which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilised (i.e., excluding radio resources that are used for physical layer synchronisation, reference signals or pilots, guard bands and guard times).
The target for peak data rate should be 20Gbps for downlink and 10Gbps for uplink.
Analytical evaluation is used as the evaluation methodology.


The requirement on UL and DL user plane latency for NR is defined in TR 38.913 [2] as shown below.

	7.5
User plane latency
The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.

For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.

NOTE1:
The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.

For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL.
NOTE2:
For eMBB value, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not preallocated, averaged HARQ retransmission delay, impacts of network architecture).
When a satellite link is involved in the communication with a user equipment, the target for user plane RTT can be as high as 600ms for GEO satellite systems, up to 180ms for MEO satellite systems, and up to 50ms for LEO satellite systems.

NOTE3:
For the satellite case, the evaluation needs to consider the max RTT that is associated with the GEO satellite systems.
Analytical evaluation is used as the evaluation methodology.


Typically PDCP RTT for user plane in NR is not more than 50 ms. The 18-bit PDCP SN is sufficient to meet the peak data rate 20Gbps requirement as shown in table 2.
Observation: 18-bit PDCP SN is sufficient to meet the peak data rate 20Gbps requirement  for NR.

Proposal 1: The maximum PDCP SN length is 18 bits for user plane.
2.2.2
Single or multiple PDCP SN lengths
As LTE, NR UEs will have many UE categories supporting different hardware capabilities and different peak data rates. If a single PDCP SN length is designed for all UE categories, the highest peak data rate must be used to determine the single PDCP SN length to meet the highest peak data rate. Without doubt, a large PDCP SN length will be used. For UEs capable of lower peak data rate, the PDCP header overhead is increased due to the large PDCP SN length. Therefore, NR should support multiple PDCP SN lengths. 
Proposal 2: Multiple PDCP SN lengths are supported for user plane. 
Regarding which PDCP SN lengths should be supported, the current LTE PDCP SN lengths supports a variety of applications (e.g. IMS services, internet services,…) with different data rates. Furthermore, if lossless handover between LTE and NR is supported, it would be good not to have PDCP SN length change in the lossless handover. The PDCP SN length change, e.g. 15-bit PDCP SN to 12-bit PDCP SN may cause extra handling to convert 15-bit PDCP SN to 12-bit PDCP SN. Thus, one-to-one mapping between LTE PDCP SN and NR PDCP SN would simplify PDCP PDU retransmission in the lossless handover. Therefore, NR should support LTE PDCP SN lengths
Proposal 3:
NR should support the PDCP SN lengths below for user plane:
· for RLC UM, 7-bit PDCP SN and 12 bit PDCP SN

· for RLC AM, 12-bit PDCP SN, 15-bit PDCP SN and 18-bit PDCP SN

2.3 
Same or different NR PDCP SN lengths for UL and DL for user plane
In LTE, a PDCP SN length (e.g. 18-bit PDCP SN) is configured for both uplink and downlink. It has been observed in the LTE commercial devices that the downlink data rate is increasing by implementing 3, 4 and 5 CCs in downlink CA but the uplink data rate remains in 2 CCs in uplink CA. It is foreseen that the DL data rate supported by the UE will be much higher than the UL data rate in the future. The situation should probably be applied to NR. 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.
Besides, separate configurations of NR PDCP SN lengths for uplink and downlink simplify the UE implementation. The UE vendor only needs to add handling for large PDCP SN length when implementing a new UE product supporting higher downlink data rate but supporting the same uplink data rate as an old UE product. In this case, UE vendor does not need to change the PDCP uplink function for handling the larger PDCP SN length.
Proposal 4: NR PDCP SN lengths for UL and DL can be separately configured.
2.4
Consideration on NR PDCP SN length for control plane
As shown in table 2, the peak data rate 3.84 Mbps can be achieved when the PDCP RTT is 50ms. Unlike user plane data transmission, the UE and the gNB have no need to continuously transmit a lot of RRC messages. Besides, the NR PDCP RTT for control plane is shorter than 50ms as shown below [2]. 
	7.4
Control plane latency
Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).
The target for control plane latency should be 10ms.
Analytical evaluation is used as the evaluation methodology.
NOTE1: 
For satellite communications link, the control plane should be able to support RTT of up to 600ms in the case of GEO and HEO, up to 180ms in the case of MEO, and up to 50ms in the case of LEO satellite systems.


According to the analysis above, there is no need to support multiple PDCP SN lengths for control plane. Therefore, it is sufficient to use 5-bit PDCP SN in NR for control plane.
Proposal 5: A single PDCP SN length (i.e. 5-bit PDCP SN) is used for control plane.
3. Conclusion 
In this contribution we provide proposals below for RAN2 to discuss.

Observation: 18-bit PDCP SN is sufficient to meet the peak data rate 20Gbps requirement for NR.

Proposal 1: The maximum PDCP SN length is 18 bits for user plane.
Proposal 2: Multiple PDCP SN lengths are supported for user plane.
Proposal 3:
NR should support the PDCP SN lengths below for user plane:

· for RLC UM, 7-bit PDCP SN and 12 bit PDCP SN

· for RLC AM, 12-bit PDCP SN, 15-bit PDCP SN and 18-bit PDCP SN
Proposal 4: NR PDCP SN lengths for UL and DL can be separately configured.

Proposal 5: A single PDCP SN length (i.e. 5-bit PDCP SN) is used for control plane.
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