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1. Introduction

In TS 29.281, the handling of the GTP-U extension header “Long PDCP PDU Number” is specified as ‘Comprehension Required’, but when considering the usage at X2 direct and S1 indirect data forwarding the receiving eNB does not need to comprehend. Based on RAN2 agreement, if the receiving eNB does not comprehend this extension, lossless handover will not be guaranteed and as a consequence the target eNB ignores the sequence number sent by source eNB and can reset the sequence number and start again from 0. However, the packet needs to be discarded based on TS 29.281 despite RAN2’s agreement.
This document describes proposes to make relevant change to support the case when comprehension is not required at receiving entity based on the CR provided in C4-182161 – C4-182163.
2. Discussion

2.1. Handling of PDCP SN over X2
During handover, X2 direct or S1 indirect data forwarding is available between source and target eNBs, and GTP-U is used to convey this user plane data forwarding. In order to deliver the PDCP SN (sequence number) between the two eNBs over GTP-U, extension headers “PDCP PDU Number” and “Long PDCP PDU Number” is specified in TS 29.821. The use of the two headers depends on the length of PDCP SN used at RAN, i.e. 12bits, 15bits, or 18bits. (see Figure1)
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Figure 1: Delivery of PDCP SN over X2
2.2. RAN2’s assumption when the supported length of PDCP SN is different with two eNBs
It is possible for a network to introduce new eNB that supports PDCP SN of 18bits into their network, while maintaining to use legacy eNB which only supports PDCP SN of 12bits or 15bits. 

During data forwarding, for the purpose of delivering PDCP SN the new eNB will need to support “Long PDU PDCP Number” extension, while the legacy eNB may only support “PDU PDCP Number” extension and not the “Long” one. If GTP-U is delivered from the new eNB to legacy eNB with such condition, it becomes possible that the new eNB delivers PDCP SN using “Long PDCP PDU Number” extension, although the legacy eNB will not be able to comprehend.

In order to resolve this case, RAN2 supports changing the length of PDCP SN from longer bits to shorter bits, i.e. 18bits to 12/15bits, 15bits to 12bits, which has been applicable since Rel11 when the length was first extended from 12bits to 15bits. For the case of 18bits to 12/15bits, this would be achieved by the receiving eNB ignoring the non-supported “Long PDCP PDU Number” extension, and forward the packet by applying a new set of sequence number starting from 0 (become out-of-order at handover). (see figure 2)

Therefore, RAN2 assumes that packets are forwarded irrespective of the supported length of PDCP SNs.
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Figure 2: Handling of unsupported “Long PDCP PDU number” extension at eNB based on RAN2 agreement

2.3. Handling of GTP-U extension header “Long PDCP PDU Number” in TS 29.821 when receiving side does not support the extension

According to clause 5.2.1 of TS 29.281 (Rel-15), GTP-U extension header “Long PDCP PDU Number” is specified as ‘Comprehension Required’, as the bits 8 and 7 of the extension header are specified as “10” (highlighted with green in the reference below). Also, when comprehension is required at the receiving entity, it is specified to discard the packet (highlighted with yellow in the reference below).

Therefore, if the GTP-U message includes “Long PDCP PDU Number” extension, and the receiving entity does NOT support this extension, the message needs to be discarded when received. (see figure3)
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Figure 3: Handling of unsupported “Long PDCP PDU number” extension at eNB based on TS 29.281

2.4. Aligning the conflicting behaviour
According to TS 29.281, if an unknown extension header marked with ‘Comprehension Required’ is received, receiving entity needs to send a Supported Extension Header Notification back to the originator. The originator can store this information and decide not to use the relevant extension header.
This can be applied to the case on “Long PDCP PDU Number” extension, by the new eNB storing that the legacy eNB does not support the extension and send X2 data forwarding without the PDCP SN.

However, there are couple issues with this approach when considering the use on X2:

· A try and error approach is used, increasing unnecessary transaction between the two eNBs.

· Maintaining the state of each eNB as peer GTP entity is needed.

· eNB would need to distinguish the use or not use the “Long PDCP PDU Number” based on the destined eNB, requiring implementing additional evaluation.

The basic issue is that the current GTP-U handling of the “Long PDCP PDU Number” not being supported by receiving entity deviates from RAN2’s assumption where the PDCP SN is simply replaced and forwarded similar to ‘Comprehension NOT required’ if lossless handover is not guaranteed, while GTP-U requires additional steps as it was specified as ‘Comprehension Required’ irrespective of lossless handover to be guaranteed or not.

Based on such analysis, we believe that there is no real requirement to send “Long PDCP PDU Number” extension with ‘Comprehension required’, and is better to send as ‘Comprehension NOT required’.
To achieve this, we propose to modify TS 29.281 from Release13 onwards when this extension was introduced, with one of the change below:

[Alternative 1]
Modify the definition of “Long PDCP PDU Number” the extension header from “1000 0010” to “0000 0xxx”, such that comprehension is not required at receiving entity
[Alternative 2]
Add “0000 0xxx” in addition to “1000 0010” for the definition of “Long PDCP PDU Number” extension header to support the case of receiving eNB not required to comprehend this extension.
	[Alternative 1]
	[Alternative 2]

	Add the 4th row for “Long PDCP PDU Number”, and delete the original “Long PDCP PDU Number”.

Next Extension Header Field Value

Type of Extension Header

0000 0000

No more extension headers

0000 0001

Reserved - Control Plane only.

0000 0010

Reserved - Control Plane only.

0000 0xxx

Long PDCP PDU Number
0010 0000
Service Class Indicator

0100 0000

UDP Port. Provides the UDP Source Port of the triggering message.

1000 0001

RAN Container

1000 0010

Long PDCP PDU Number

1000 0011

Xw RAN Container

1100 0000

PDCP PDU Number [4]-[5]. See NOTE 1.

1100 0001

Reserved - Control Plane only.

1100 0010

Reserved - Control Plane only.


	Add the 4th row for “Long PDCP PDU Number-compNotReq”, while keeping the original “Long PDCP PDU Number”.

Next Extension Header Field Value

Type of Extension Header

0000 0000

No more extension headers

0000 0001

Reserved - Control Plane only.

0000 0010

Reserved - Control Plane only.

0000 0xxx
Long PDCP PDU Number-compNotReq
0010 0000
Service Class Indicator

0100 0000

UDP Port. Provides the UDP Source Port of the triggering message.

1000 0001

RAN Container

1000 0010

Long PDCP PDU Number

1000 0011

Xw RAN Container

1100 0000

PDCP PDU Number [4]-[5]. See NOTE 1.

1100 0001

Reserved - Control Plane only.

1100 0010

Reserved - Control Plane only.




For the purpose of simplicity, Alternative 1 with having only one extension header field value is proposed with CRs provided by C4-182161, C4-182162, and C4-182163, however we would like to discuss whether backwards compatibility is crucial in which case Alternative 2 may be considered.
3. Proposal

It is proposed to agree that there is no real requirement for having ‘Comprehension required’ defined for “Long PDCP PDU Number” extension header as discussed above, and to agree on the change as proposed above, which are provided in relevant CRs in C4-182161, C4-182162, and C4-182163.
Reference

From TS 29.281 on the definition of “Long PDCP PDU Number” extension

5.2.1
General format of the GTP-U Extension Header


(snipped)

The recipient of an extension header of unknown type, but marked as 'comprehension required' for that recipient, shall:

-
If the message with the unknown extension header was a request or a G-PDU, send a Supported Extension Headers Notification to the originator of the GTP-PDU, discard the message and log an error. 

Bits 7 and 8 of the Next Extension Header Type have the following meaning:

	Bits

8      7
	Meaning

	0       0
	Comprehension of this extension header is not required. An Intermediate Node shall forward it to any Receiver Endpoint

	0       1
	Comprehension of this extension header is not required. An Intermediate Node shall discard the Extension Header Content and not forward it to any Receiver Endpoint. Other extension headers shall be treated independently of this extension header. 

	1       0
	Comprehension of this extension header is required by the Endpoint Receiver but not by an Intermediate Node. An Intermediate Node shall forward the whole field to the Endpoint Receiver.

	1        1
	Comprehension of this header type is required by recipient (either Endpoint Receiver or Intermediate Node)


Figure 5.2.1-2: Definition of bits 7 and 8 of the Extension Header Type

An Endpoint Receiver is the ultimate receiver of the GTP-PDU (e.g. an RNC or the GGSN for the GTP-U plane). An Intermediate Node is a node that handles GTP but is not the ultimate endpoint (e.g. an SGSN for the GTP-U plane traffic between GGSN and RNC).

	Next Extension Header Field Value
	Type of Extension Header

	0000 0000
	No more extension headers

	0000 0001
	Reserved - Control Plane only.

	0000 0010
	Reserved - Control Plane only.

	0010 0000
	Service Class Indicator

	0100 0000
	UDP Port. Provides the UDP Source Port of the triggering message.

	1000 0001
	RAN Container

	1000 0010
	Long PDCP PDU Number

	1000 0011
	Xw RAN Container

	1100 0000
	PDCP PDU Number [4]-[5]. See NOTE 1.

	1100 0001
	Reserved - Control Plane only.

	1100 0010
	Reserved - Control Plane only.

	NOTE 1:
As an exception to the comprehension rule specified above, for a G-PDU with a Next Extension Header Field set to the value "1100 0000", the SGW shall consider this corresponding extension header as 'comprehension not required'.


Figure 5.2.1-3: Definition of Extension Header Type

Agreement in RAN 
The following is derived from RAN2#79 meeting report, regarding the agreement for when PDCP SN was extended from 12 to 15bits. The concept remains the same for when PDCP SN was further extended to 18bits.

PDCP SN change


- Allowed at handover



- Support lossless handover for Short-to-Long SN change?



- Support lossless handover for Long-to-Short SN change?

- Not allowed SN change for the lifetime of a RB (if SN length is changed at handover, RB is released and newly established)



- Specify RLC and PDCP release behavior?

-
Samsung think from New eNB to Old eNB handover, the only option we have is full-configuration. Huawei agrees with Samsung for Long to Short SN change that we have only full-configuration option. MediaTek agrees for the Long to Short SN change case. MediaTek asks how often the handover with SN change can happen. NSN is fine with full-configuration. Huawei think PDCP SDU will be forwarded from Source to Target, but will be discarded by the Target. Ericsson think this is the eNB implementation, but would like to limit the packet loss during handover. Huawei wants to forward PDCP SDUs if they were not transmitted in Source eNB. Samsung think it is eNB implementation. Even for UE PDCP release case, delivery of PDCP SDU is UE implementation.  Samsung think source eNB can forward fresh data, but it is eNB implementation option. Samsung think Short to Long SN change is possible. ZTE think SN change at handover is rare case. Ericsson wants to have lossless handover. 

=>
Rely on full-configuration. 

-
Ericsson, Huawei, and CATT wants to allow lossless handover for Short to Long SN change. MediaTek prefers to have one solution. Ericsson would like to discuss this issue again in main session.
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