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Discussion
Introduction 
For the recent two meetings, i.e. 3GPP TSG-RAN WG3 Meetings #77bis and #78, several papers [1]–[6] have been contributed for the PDCP SN extension since the extended PDCP SN have impacts toward RAN3 specifications [7], [8]. Due to several issues, the reflection of the extended PDCP SN has not been made in the texts yet. This paper specifies the issues raised during the two meetings and further discusses about them.
Discussion
BITMAP alternatives
The agreement and understanding made in 3GPP TSG-RAN WG2 Meeting #79bis are [9]:
· The maximum size of BITMAP is bounded by half of PDCP SN space (i.e. 2,048 bit for 12 bit SN and 16,384 bit for 15 bit SN); and

· The size of useful information in Receive Status Of UL PDCP SDUs is variable and would be usually a few bytes.
Thus, there has been a consensus that a BITMAP with variable length up to 16,384 is required for the extended PDCP SN.
 Such a BITMAP can be attained by:

BITMAP 1. Using a new variable BITMAP whose maximum length is 16,384; or

BITMAP 2. Reusing the existing 4,096 bit long BITMAP and, if the number of the required bits is more than 4,096, using a new variable BITMAP whose maximum length is 12,288.
It is noteworthy that if BITMAP 2 is exploited, the new variable BITMAP would not be frequently required because the size of useful information in the BITMAP would be usually a few bytes as indicated in [9]. On the other hand, however, even though the new variable BITMAP would not be required in most cases for BITMAP 2, at least 4,096 bits are always required whereas BITMAP 1 does bits as many as needed.

Until the latest meeting, most of the companies seemed to prefer BITMAP 1 and the left issue is to adjust a proper semantics description for BITMAP 1.
COUNT alternatives
The COUNT Value IE is composed of the PDCP-SN and HFN IEs. Needless to say, they stand for the PDCP SN and HFN, respectively until Rel-10. If the extended PDCP SN is applied, this is not true anymore since the lengths of the IEs cannot accommodate the 15 bit long extended PDCP SN and 17 bit long reduced HFN. Therefore, it seemed that a new IE is definitely required.
However, there is an unchanged part; the total length, 32 bits. Even though each of the two IEs cannot accommodate what it stands for, they as one can represent any 32 bits if we do not pay much attention to what each of them stands for. Furthermore, the target eNB can recognize the release of the source eNB via ue-ConfigRelease field. Therefore, e.g. an alternative where the first 12 bits of the extended PDCP SN are contained in the PDCP-SN IE and the last 3 bits of the extended PDCP SN and the whole 17 bits of the reduced HFN are contained in the HFN IE, is available.
In short, we have two basic alternatives:

COUNT 1. Create new IE(s); or
COUNT 2. Reuse the current COUNT Value IE with an adequate clarification.
The two alternatives are analyzed in Table 1. The ‘+’ sign implies that the corresponding alternative is beneficial for the corresponding aspect.
Table 1 Comparison between two alteernatives: COUONT 1 and COUNT 2.
	
	COUNT 1
	COUNT 2
	Comment

	MME and ASN.1 impact
	
	+
	COUNT 2 has no impact to the MME.

	Forward compatibility
	
	
	For both COUNT 1 and COUNT 2, if the Rel-11 source eNB sends the COUNT Value IE to the Rel-10 target eNB, the target eNB shall ignore the IE after recognizing that the release of the source eNB is 11.

	Other eNB impact
	+
	
	COUNT 2 brings a huge philosophical change: One IE, e.g. the PDCP-SN IE may not completely stand for one whole information unit, e.g. PDCP SN; and one IE, e.g. the HFN IE may stand for more than one information unit, e.g. HFN and part of PDCP SN.


· Since COUNT Value IE is generally used between eNBs and transparent to the MME, impact in the MME takes place if and only if there is any impact on ASN.1; thus, they are taken into account together.
· Forward compatibility implies that an older device allows data formats generated by a new device, perhaps without supporting all new features.

In addition, COUNT 1 may have several variations, e.g. undivided or divided, inside the E-RABs Subject to Status Transfer Item IE or UL COUNT Value/DL COUNT Value IEs, etc.

Conclusion
In this paper, issues on the extended PDCP SN has been identified and demonstrated. As a conclusion, it is proposed:
Proposal 1: To take considerations made in this paper into account and reflect the extended PDCP SN in RAN3 specifications during 3GPP TSG-RAN WG3 Meeting #79.
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