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Introduction

RAN2 informs CT4 in their LS in C4-161030 (R2-156977) that RAN2 has made a decision to extend the field length of PDCP Sequence Number (specified in TS 36.323) for both UL and DL to 18 bits in Rel-13, in addition to the previous maximum value of 15 bits. Furthermore, RAN2 decided to support dual connectivity in combination with Carrier Aggregation enhancements (eCA).

RAN2 recognized that this change has impact also on CT4 specifications. 
Discussion

Information to support dual connectivity and enhanced carrier aggregation is carried between eNBs over the X2  or S1 interfaces in GTP-U as specified in TS 36.424, TS 36.425 and TS 29.281. CT4's TS 29.281 hence needs to be modified to support the new functionality in Rel-13. The CT4 impacts to accommodate 18 bits PDCP PDU numbers in E-UTRAN are the following: 

1. GTP-U shall allow to signal PDCP PDU Number encoded using 15 bits or 18 bits for direct X2 or indirect S1 DL data forwarding during a Handover procedure between 2 eNBs. This enhancement therefore affects the source and target eNBs and the SGW only. 


2. The target eNB is expected to support 18 bits PDCP PDU Numbers if the source eNB uses 18 bits PDCP PDU Numbers. However, in a roll-out phase it may happen that the target eNB does not support the 18 bits PDCP PDU Numbers and in such a case the target eNB should discard the entire GTP-U packet, which is encapsulating the enhanced PDCP PDU Number extension header. 

It should be noted that the PDCP PDU Number for UTRAN is not changed and hence there is no need to change GTP-C and there is no impact on RNC and SGSN.

There is no other impact due to Dual Connectivity because the sequential PDCP Sequence Numbers are transported within the GTP-U RAN Container, which has variable length and is transparent to GTP-U.

There is no impact on the GTP-U Sequence Number, which does not need to be changed: per existing GTP-U specification, the GTP-U Sequence Number is an option for an eNB and SGW, and TS 29.281recommends that eNB and SGW should not use it. In the unlikely case where an eNB or SGW implementation would set the GTP-U Sequence Number, they should anyhow be able to use the existing 15 bits range for GTP-U Sequence Numbers, independently from the 18bits range of the PDCP PDU Number. 

"For PGW, SGW, ePDG, eNodeB and TWAN the usage of sequence numbers in G-PDUs is optional, but if GTP-U protocol entities in these nodes are relaying G-PDUs to other nodes, then they shall relay the sequence numbers as well For all other cases, the PGW, SGW, ePDG, eNodeB and TWAN should set the "S" flag to 0 in the GTPv1 header which then indicates that the sequence number is not used in the T-PDU."
Possible solutions to prolong the PDCP PDU Number extension header
There are two alternative solutions to prolong the PDCP PDU Number extension header, namely 1A and 1B as described below. 

1A) Reuse the existing GTP-U PDCP PDU Number extension header
In Solution 1A the existing PDCP PDU Number extension header is reused but with a variable Length 1 or 2, so that the PDCP PDU Number can be encoded using 4 or 8 octets. 

This approach requires that all legacy SGWs transparently forward the existing header also when it is encoded using 8 octets, even though the "Next Extension Header Type", bit 7, indicates that “comprehension is required by an intermediate node”, that is SGW. 
With Solution 1A the 18 bits PDCP PDU Number is defined according to the following figure.
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	Next Extension Header Type


Figure 5.2.2.2-x: 18 bits PDCP PDU Number Extension Header 

16 bits of the PDCP PDU number are contained in octets 2 and 3 and the remaining 2 bits are contained in octet 4, Bits 2 and 1. Bits 8 to 3 of octet 4, and Bits 8 to 1 of octets 5 to 7 shall be set to 0.

1B) Define a new GTP-U EXTENDED PDCP PDU Number header
According to Solution 1B the longer PDCP PDU number with 18 bits is placed in a new extension header where the "Next Extension Header Type" bit 7 has value 0 to ensure that legacy intermediate SGW will relay the header transparently, see TS 29.281, Figure 5.2.1-2 copied below.

	Bits

8      7
	Meaning

	0       0
	…

	0       1
	…

	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)


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

The encoding of the 18 bits PDCP PDU Number in Solution 1B is the same as shown for Solution 1A in the figure above. Bit 7 in the Extension Header Type is set to 0.

Analysis and conclusion
There is no impact on TS 29.274, but TS 29.281 needs to be updated to support the 18 bits PDCP PDU Number as described above.

Both Solution 1A and 1B support PDCP PDU Numbers with 15 bits or 18 bits contained in 2 octets (Length 1) or 6 octets (Length 2) respectively. 

If the target eNB does not support 18bits PDCP PDU Numbers, which is unlikely but apparently one possible scenario, with Solution 1B, the legacy eNBs would drop the entire PDU and this seems appropriate. 
With Solution 1A, the reaction of the legacy eNB could vary by implementation, but one might expect that also legacy eNBs discard the entire PDU if the PDCP PDU Number extension header is not received with the expected Length 1. 

Either approach seems fine in principle. It could be preferable to reuse the existing header as shown in Solution 1A, but Solution 1B might be safer from backwards compatibility point of view because Solution 1B does not have any dependency on legacy SGW and eNB implementations.
Proposal

CT4 is invited to discuss the pros and cons of each solution and select the appropriate solution.
Solution 1B as described above is specified in the corresponding 29.281 CR#0077 in C4-161182. 
