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1
Introduction and Abstract
Some EPC bearer will demand lossless and in‑sequence handover according to their QoS profile. For that purpose, during handover it is necessary to transfer PDCP SDUs from source to target eNB. In LS [1] RAN2 asks RAN3 to specify mechanisms for informing the target eNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP and for informing from source to target eNB about the received PDCP SDUs.

While mechanisms are proposed in accompanied contribution [2] this contribution focuses on the transfer of the PDCP SN. Considering some general design goals a few possibilities are discussed and finally we conclude to use the GTP-U 'PDCP-PDU Number extension header' for PDCP SN forwarding on X2 and S1 interface. 
2
Discussion
2.1
Principles

The following general principles should be considered:

a. Lossless and in-sequence handover should be an option depending on the required bearer QoS.

b. PDCP SN reporting should only be used during handover (see also LS [1]).

c. The PDCP SN should be continuous during the handover (as required in the LS [1]).

d. Control information should be transported by C-Plane messages, i.e. messages which are needed for HO anyway, or by in-band messages in order to minimise additional signalling load.

e. GTP-U shall be compatible with existing GTP-U, i.e. no misuse of GTP-U header for new purposes.

f. Data forwarding should be as similar as possible for X2 (always direct forwarding) and S1 (both direct and indirect forwarding) based handover.
2.2
Alternatives

The PDCP SN could be carried either by using new or existing C-Plane messages or in-band information with GTP-U. For speed and simplicity reasons we prefer to transport the sequence number in-band with GTP-U. This way each PDCP-SDU is forwarded together with the associated PDCP SN that has been assigned to this PDCP‑SDU by the source eNB.
Choosing GTP-U based in-band signalling still leaves some possiblity to transport the PDCP-SN. The following figures show the GTP-U header fields [2]:
GTP-U header fields:

	
	
	Bits

	Octets
	
	8
	7
	6
	5
	4
	3
	2
	1

	1
	
	Version
	PT
	(*)
	E
	S
	PN

	2
	
	Message Type

	3
	
	Length (1st Octet)

	4
	
	Length (2nd Octet)

	5
	
	Tunnel Endpoint Identifier (1st Octet)

	6
	
	Tunnel Endpoint Identifier (2nd Octet)

	7
	
	Tunnel Endpoint Identifier (3rd Octet)

	8
	
	Tunnel Endpoint Identifier (4th Octet)

	9
	
	Sequence Number (1st Octet)

	10
	
	Sequence Number (2nd Octet)

	11
	
	N-PDU Number

	12
	
	Next Extension Header Type


Next Extension Header Field Values:

	Next Extension Header Field Value
	Type of Extension Header

	0000 0000
	No more extension headers

	0000 0001
	MBMS support indication

	1100 0000
	PDCP PDU number

	1100 0001
	Suspend Request

	1100 0010
	Suspend  Response


PDCP PDU number Extension Header fields:

	
	
	Bits

	Octets
	
	8
	7
	6
	5
	4
	3
	2
	1

	1
	
	1

	2
	
	PDCP PDU number 

	3
	
	PDCP PDU number.

	4
	
	Next Extension Header Type (note)


Candidate fields are highlighted, namely:
i. Sequence Number (2 Octets)

ii. N-PDU Number (1 Octet)

iii. PDCP PDU number extention header(1+4 Octets)
These fields are defined optional in [2]. Flags in the 1st octet of the GTP-U Header indicate the validity of the corresponding optional fields.
i. Sequence Number field:

In the PS domain this field is currently used between SGSN and GGSN, but only when the parameter “Delivery Order” ist set to “PPP”. Then this field provides consecutive SN to each G-PDU
 (GTP-U SN). When “Delivery Order” is set to “IPv4” or “IPv6” then this field isn’t used [3]. 
For SAE/LTE the use of the GTP‑U SN was discussed by RAN2 [5] in order to ensure that valid PDCP sequence numbers are provided to the UE when the forwarded flow and the flow via S1 are received in the target eNB. SA2 is not in favour of  using the GTP‑U SN for that purpose because of unclear complications when HO also requires changing the S‑GW [6]. So, while it is currently unclear whether the GTP‑U SN field is an available candidate to carry the PDCP SN, using the GTP-U SN field for the transport of the PDCP SN at any case contradicts with principle ‘e’ not to misuse existing GTP-U header fields for new purposes. This would very likely lead to a less future proof solution and is therefore not suggested.
Conclusion i.):  Sequence Number shall not be used to transfer the PDCP SN
ii. N-PDU Number field:

According to [2] ‘This field is used at the Inter SGSN Routeing Area Update procedure and some inter-system handover procedures (e.g. between 2G and 3G radio access networks). This field is used to co-ordinate the data transmission for acknowledged mode of communication between the MS and the SGSN. The exact meaning of this field depends upon the scenario. (For example, for GSM/GPRS to GSM/GPRS, the SNDCP N-PDU number is present in this field).’
The usage and meaning of this field complies with what is needed in LTE to transport the PDCP sequence number.
iii. 
PDCP PDU Number extention header:

According to [2] ‘This extension header is transmitted, for example, at SRNS relocation time to provide the PDCP sequence number of not yet acknowledged N-PDUs.’
Thus, this extention header fits very well to what is needed in LTE for transporting the PDCP sequence number.

Conclusion ii.) and iii.): Both NPD-U number field and PDCP PDU number extention header are useable candidates to transfer the PDCP SN.
2.3
Comparing alternatives ii. and iii.

The extention header solution adds 4 octets more than the NPD-U number field but on the other hand it allowes for transporting a 2 Octets value while the NPD-U number field is only one octet.
How do the alternatives fulfil design principle ‘f’, similarity of the handovers via X2 and S1?
Actually there’s no difference. Both are optional header fields. It must be guaranteed that the field carring the PDCP sequence number is not removed or modified when the PDCP-SDU must be relayed by EPC node(s).
Conclusion: Both solution (ii.) and solution (iii.) allow for a similar mechanisms when data forwarding is required. 

If using the extention header solution (iii.) it shall be discussed whether a new value for the ‘Next Extension Header Field’ must be defined. As it can be seen from the table above the value for ‘PDCP PDU number’ type of extention header is 1100 0000. However, Bits 7/8 is given a special meaning:

Meaning of Bits 7/8 of the Next Extension Header Field:

	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)


The currently assigned value ‘11’ implies comprehension of the header field by the recipient, which is a intermediate node (S-GW) in the case of data forwarding via S1 interface. Actually comprehension of the extention header is not needed by intermediate nodes. Therefore a behaviour as described for ‘10’, 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, seems more appropriate.

Conclusion: If solution iii. is taken it shall be discussed if a new value for the extension header type needs to be specified.
3
Summary and Conclusion

In this contribution usage of GTP-U header fields for the purpose of PDCP SN transport is proposed. The following conclusions are drawn for the three header fields that were identified as candidates:
1. Use of  (i.) Sequence Number field is odd when considering its original purpose and therefore excluded. 

2. Using (ii.) N-PDU Number field (1 Octet) is suggested if the PDCP sequence number consists of one octet.
3. Using (iii.) PDCP PDU number extention header is suggested if the PDCP sequence number consists of two octets.
4
Proposal

1. It is proposed to discuss the transport mechanisms in section 2 in the case of inter eNodeB handover.
2. It is also proposed to agree on the conclusion and to capture it in the relevant TR.
3. If RAN3 agrees on the conclusion, stage 3 works shall take into account the usage of the header fields for PDCP sequence number transfer via X2 and S1 interface as described in this contribution. A LS shall be launched to inform SA2, RAN2 about the required GTP-U header handling when data forwarding to the target eNB is needed.
4. If RAN3 agrees to the suggested usage of GTP‑U header fields in case of inter eNodeB handover it is proposed to discuss whether it shall also be applied for data forwarding in case of 2/3G<->LTE handover.
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� G-PDU: is a user data message, It consists of a T-PDU plus a GTP header.


T-PDU: original packet, for example an IP datagram, from an MS or a network node in an external packet data network


A T-PDU is the payload that is tunnelled in the GTP-U tunnel.
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