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1.
Introduction
At the RAN2#63 meeting, introducing a modular concept in PDCP was shortly discussed, and it was agreed to have a further work on e-mail. As explained in [1], the current text is too complex due to the mixed conditions of PDCP behaviour and HFN update. Therefore, the main purpose of introducing modular operation is to simplify the “in-order delivery and duplicate elimination” procedure in section 5.1.2.1.1 (of restructured specification) in order to make the specification more readable and understandable.
2.
Summary of E-mail discussion
The following companies expressed their support for introducing modular operation.

· LG Electronics, Samsung, Alcatel-Lucent, NTT DoCoMo, Qualcomm, Nortel, Infineon

On the other hand, the following companies opposed to introduce modular operation.

· Ericsson, Motorola, Nokia Siemens Networks

Between the supporting companies, the following issues were discussed.
1. Simplification of the conditions in section 5.1.2.1.1

· Introduce new formulation of the conditions using RSN (received PDCP SN), LAST (Last_Submitted_PDCP_RX_SN), NEXT (Next_PDCP_RX_SN), RWIN (Reordering_Window), or other new state variables to simplify the conditions.

· There are two proposals for simplification depending on the number of SN ranges for comparison.
i. Option 1-1) Modelling with 3 SN ranges: proposed by LG – see Annex A

ii. Option 1-2) Modelling with 2 SN ranges: proposed by Infineon – see Annex B 
2. Definition of modular base

· Arithmetic comparison shall be based on the modular base. It supports the arithmetic operation in new conditions.

· Three options are identified for modular base. Option 2-1 and 2-2 have same modelling of conditions, but only the arithmetic operation base being different. Option 2-3 is different than others in that it has 2 SN ranges for comparison.
i. Option 2-1) LAST – RWIN: Current specification
1 [LAST – RWN, LAST] ( discard as old packet
2 [LAST, NEXT] ( reorder as retransmitted packet
3 [NEXT, LAST + RWIN] ( deliver as new packet

ii. Option 2-2) NEXT – RWN: Qualcomm, LG
1 [NEXT – RWN, LAST] ( discard as old packet
2 [LAST, NEXT] ( reorder as retransmitted packet
3 [NEXT, NEXT + RWIN] ( deliver as new packet

iii. Option 2-3) V(R) (= LAST + 1): Infineon

1 [V(R), V(R) + RWIN] ( either deliver as new packet, or reorder as retransmitted packet
2 [V(R) + RWIN, V(R) + 4096] ( discard as old packet
3. Removal of HFN update related text

· Further simplification can be achieved by removing HFN update related text. There are two options

i. Option 3-1) Describe HFN variable and update mechanism (as current specification)

ii. Option 3-2) Do not describe HFN variable and update mechanism. Only specify implicitly.
4. Scope of the modular operation

· Decide whether to use modular operation throughout the PDCP specification, or only for section 5.1.2.1.1.

· Majority of companies prefer to introduce it throughout the PDCP specification.

3.
Proposals for way forward
The original target for e-mail discussion was to reach an agreement and provide a baseline CR. But due to lack of time and diverged discussion, it was difficult to reach an agreement. Thus, it is asked for the group to discuss and decide on the followings in the RAN2#63bis meeting:
· Check whether it is worthwhile to simplify the section 5.1.2.1.1
· If it is worthwhile, decide on each issue in this document;

· Issue 1

1 Option 1-1) Modelling with 3 SN ranges: proposed by LG – see Annex A

2 Option 1-2) Modelling with 2 SN ranges: proposed by Infineon – see Annex B

· Issue 2

1 Option 2-1) LAST – RWIN: Current specification

2 Option 2-2) NEXT – RWN: Qualcomm, LG

3 Option 2-3) V(R) (= LAST + 1): Infineon

· Issue 3

1 Option 3-1) Describe HFN variable and update mechanism (as current specification)

2 Option 3-2) Do not describe HFN variable and update mechanism. Only specify implicitly.

· Provide a baseline CR based on the agreement
· E-mail discussion until RAN2#64 meeting based on the baseline CR to review and investigate other impacts. 
In this meeting, two proposals for baseline CR are available in [2] and [3].
Reference
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Annex A. – Simplification of the conditions proposed by LG
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· update HFN by 1

· use HFN for deciphering
/* can be replaced with “determine HFN and perform deciphering” */
· header decompression

· update NEXT

· deliver as new packet
Annex B. – Simplification of the conditions proposed by Infineon

For new PDUs reveived "in sequence" from RLC (i.e. not due to the RLC re-establishment):

V(R) is equal to LAST+1

· if V(R) <= RSN < V(R) + RWIN(i.e. RSN is inside the receive window)
· Determine HFN and perform deciphering

· header decompression
· deliver

· update V(R) to the next expected PDCP PDU (i.e. to LAST+1)
· update HFN if a modulo overflow took place when incrementing V(R)
· else (i.e. RSN is outside the receive window)
· Determine HFN and perform deciphering

· header decompression

· discard

For PDUs flush by RLC due to RLC re-establishment:

· if V(R) <= RSN < V(R) + RWIN (i.e. RSN is inside the receive window)
· Determine HFN and perform deciphering

· header decompression
· store in receive window (i.e. do not deliver except consequitve insequence PDUs starting from V(R) are present, see condition below)
· if RSN = RSN

·  
submit all stored PDCP SDUs with consecutive associated COUNT values ≥ RSN in ascending order to upper layers
· 
update V(R) to the next expected PDCP PDU (i.e. to LAST+1)
· update HFN if a modulo overflow took place when incrementing V(R)
· else (i.e. RSN is outside the receive window)
· Determine HFN and perform deciphering

· header decompression

· discard
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