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1
Introduction
In CT4#83, a LS [1] was agreed to send to RAN3 based on the discussion of [2]. In the LS, CT4 asks “RAN3 to provide guidance on whether the existing definition of the “Long PDCP PDU Number” as ‘Comprehension Required’ causes any problem, especially with respect to the target eNB discarding the GTP-U packets when not supporting this header, and if so, whether CT4 should consider GTP-U changes to allow Long PDCP PDU Numbers to be sent without comprehension required and from which release.”
 This contribution discusses these points proposes and the contents of reply LS.
2
Discussion
2.1 Back ground
Before the consideration on how to response to question from CT4, it is worth recapping what LSs were exchanged with CT4 before and the current specification of GTP-U are discussed.
As mentioned in the LS[1], there were earlier reply LSs [3] in Rel-13 on the target eNB behavior when data forwarding occurs from 18 bit SN capable eNB to incapable eNB. RAN3 informed that RAN spec assumes that the target eNB is allowed to discard the forwarding data marked with PDCP SN referring the behavior on full configuration specified in TS36.300.

-------Start of Quotation from [3]-------

Q1: Is it is possible that the source eNB supporting eCA could send 18 bits PDCP PDUs to the legacy target eNB not supporting eCA during a handover procedure and will the legacy target eNB accept the handover request or is this scenario covered by RAN specifications in some other way?

Answer: Yes, it is possible that a source eNB sends 18-bit PDCP PDU SN to a target eNB not supporting 18-bit PDCP SN.

Q2: If the above is possible, how would this be handled at the source and target eNB? Will the G-PDU with a 18 bits PDCP PDU number e.g. be discarded by the legacy target eNB?

Answer: Handling of this scenario is according to the procedures for handover involving full configuration. For handover involving full configuration, TS 36.300 states: “The target eNB may not send PDCP SDUs for which delivery was attempted by the source eNB. The target eNB identifies these by the presence of the PDCP SN in the forwarded GTP-U packet and discards them.” Note that the source eNB is unaware that full configuration is performed.

-------End of Quotation from [3]-------
Based on yellow part, CT4 defines as follows on Long PDCP PDU number.

-------Start of Quotation from [4]-------

Bits 7 and 8 of the Next Extension Header Type define how the recipient shall handle unknown Extension Types, see Figure 5.2.1-2. The recipient of an extension header of unknown type but marked as 'comprehension not required' for that recipient shall read the 'Next Extension Header Type' field (using the Extension Header Length field to identify its location in the GTP-PDU).

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

-------End of Quotation from [4]-------

Summarizing above specification, the GTP extension header type corresponding to 18 bit PDCP SN (Long PDCP PDU Number) has been defined as "comprehension is required by the endpoint receiver but not by an Intermediate Node”. This would imply consequently that the CT4 spec mandates the target eNB to understand the new extension header corresponding to 18 bit PDCP SN, if used. This causes, if the target eNB doesn’t understand it (i.e. the target eNB doesn’t support it), the target eNB discards all the GTP-U packets marked with the PDCP SN (i.e. not only the extension header but the packet itself is discarded.)
Observation 1: Current GTP-U specification defines the target eNB to discard the packets if the target eNB doesn’t support Long PDCP SN.
2.2 Necessity of comprehension for PDCP SN

In the LS from CT4 [1], it is stated that a question was raised in CT4 whether it should be allowed not to discard the forwarded packet marked with PDCP SN in concerning case. In this section, it is discussed whether the comprehension for PDCP SN is actually required and whether the possible change on specification is needed in CT4.

In RAN2, it was agreed to achieve the reconfiguration of PDCP SN by full configuration in Rel-11 where the PDCP SN was extended at the first time. 
-------Start of Quotation from [5]-------

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.
-------End of Quotation from [5]-------
Note that same principle was inherited to EN-DC [6].

During the handover involving the full configuration, the radio bearers are released once and established again which means that the lossless handover is not guaranteed [7] i.e.  as specified in [7], since the source eNB does not consider the handover is involving full config, it forward the PDCP SDU with PDCP SN in GTU header option. The target eNB does not use the PDCP SN marked by the source eNB, the target eNB does not require to understand those PDCP SN. 

Observation 2: Based on the RAN2 specification, the target eNB is not required to understand the PDCP SN for the forwarded data  in case where the  PDCP SN length is changed before and after the Handover. 

On behavior of full configuration, following text was captured in TS36.300[8].

-------Start of Quotation from [8]-------

For handovers involving Full Configuration, the source eNB behaviour is unchanged from the description above. The target eNB may not send PDCP SDUs for which delivery was attempted by the source eNB. The target eNB identifies these by the presence of the PDCP SN in the forwarded GTP-U packet and discards them.
-------End of Quotation from [8]-------
Above mentions that PDCP SDUs which were already delivered by source eNB (detected by the presence of the PDCP SN) “may” be discarded at the target node on full configuration. So, it only refers to possible eNB implementation and doesn’t mandate to comprehend PDCP SN at the target node as PDCP SN is reset by full configuration.

Observation 3: TS36.300 doesn’t mandate to comprehend long PDCP SN for handovers involving Full configuration. 
We think that it should be allowed not to discard the forwarding data by eNB implementation in full configuration. This is because discarding would cause issue e.g. interruption time as data retransmission over application layer is required, over-charging as the count would be done in Core Node and so on. Thus, it should be up to eNB policy whether the forwarding packet is discarded. Even while some eNBs aim to discard them, we think it should not be based on whether the target eNB can understand the GTU extension header or not (but based on the eNB policy).
Observation 4: With the unnecessary limitation of  CT4 specification, data forwarding cannot be performed from the source node using long PDCP SN to the target node not supporting long PDCP SN, which causes some issues e.g. interruption time, over-charging and so on. 
Observation 5: CT4 has implemented to discard GTP-U packets at the target node if the target node doesn’t support Long PDCP SN although discarding should be decided by the target eNB policy on full configuration.
Note that it may not be currently frequent case where fallback from 18 bits SN to 12/15 bits SN occurs since 18 bits PDCP SN is optional in LTE and there is no UE category which needs 18 bits PDCP SN. However, NR PDCP uses 18 bit PDCP SN by default and the fallback from 18 bits to 12/15 bits can happen e.g. in case of handover from EN-DC capable BS to legacy eNB. So, the issue would appear in the field frequently. 
2.5 Reply on LS

The LS [1] contains several questions as follows

 (1) whether the existing definition of the “Long PDCP PDU Number” as ‘Comprehension Required’ causes any problem, especially with respect to the target eNB discarding the GTP-U packets when not supporting this header
 (2) if so, whether CT4 should consider GTP-U changes to allow Long PDCP PDU Numbers to be sent without comprehension required
 (3)from which release.

For (1), it would cause problem as mentioned in section 2.4.  And, for (2), based on  (1), RAN3 needs to indicate to change to allow Long PDCP PDU Numbers to be sent without comprehension required to ensure the data forwarding for the case mentioned in section 2.4. Finally for (3), the change should be from Rel-13 as it is a mistake from Rel-13 i.e. the timing of introduction for long PDCP SN.
Proposal: RAN3 to send reply LS to CT4 to indicate the existing definition of the “Long PDCP PDU Number” as ‘Comprehension Required’ causes problem that data forwarding to the target node not supporting long PDCP PDU header cannot be performed unnecessarily and to ask to change  to allow Long PDCP PDU Numbers to be sent without comprehension required from Rel-13. (Note that no RAN3 specification impact is foreseen.)
3
Conclusion
In this contribution, how to treat Long PDCP PDU header in GTP-U packet was discussed based on the LS[1] from CT4. Following observations and proposals are obtained.

Observation 1: Current GTP-U specification defines the target eNB to discard the packets if the target eNB doesn’t support Long PDCP SN.
Observation 2: RAN2 agreed that full-configuration is performed (i.e. PDCP SN is reset)  in case where the  PDCP SN length is changed before and after the Handover. 

Observation 3: TS36.300 doesn’t mandate to comprehend long PDCP SN for handovers involving Full configuration. 

Observation 4: With the unnecessary limitation of  CT4 specification, data forwarding cannot be performed from the source node using long PDCP SN to the target node not supporting long PDCP SN, which causes some issues e.g. interruption time, over-charging and so on. 
Observation 5: CT4 has implemented to discard GTP-U packets at the target node if the target node doesn’t support Long PDCP SN although discarding should be decided by the target eNB policy on full configuration.
Proposal: RAN3 to send reply LS to CT4 to indicate the existing definition of the “Long PDCP PDU Number” as ‘Comprehension Required’ causes problem that data forwarding to the target node not supporting long PDCP PDU header cannot be performed unnecessarily and to ask to change  to allow Long PDCP PDU Numbers to be sent without comprehension required from Rel-13. (Note that no RAN3 specification impact is foreseen.)
Corresponding reply LS is available in [9].
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