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1. Introduction
This contribution is a summary of the discussion on channel coding for LTE that took place on the RAN1 e-mail reflector between RAN1 #49bis in Orlando and RAN1 #49bis in Athens. The discussions were a continuation of the discussions held prior to RAN1#50
The issues discussed in the e-mail reflector are listed below

· Turbo code rate matching scheme

· Soft buffer size (1 stage or 2 stage)

· Split of soft buffer memory between processes

· Sub-block interleaver optimization

· Convolutional code rate matching scheme

· Segmentation detail

· RE assigned to each codeblock segment for rate matching

· CRC attachment (transport block, code block, hybrid?)

· Channel interleaver

· Constellation rearrangement

· HARQ

· HARQ process number

2. Discussion
2.1 Turbo code rate matching scheme
2.1.1 Soft buffer size (1 stage or 2 stage)

No Conclusions. See company’s preference on table 1.

Proposed way forward: Will discuss after the discussion on UE categories
2.1.2 Split of soft buffer memory between processes

The question was raised during the Orlando meeting on soft memory usage. 

1. equal size of soft buffer for each HARQ process

· easy for scheduler implementation?

2. variable size of soft buffer for each HARQ process.

· full usage for soft buffer?

3 companies commented on the e-mail reflector prefer equal size per HARQ process for simplicity. One company prefers variable size.
Proposed way forward: Continue the discussion online/offline during Athens meeting
2.1.3 
Sub-block interleaver optimization

The question after Orlando meeting was whether we choose CBRM (σ=4, δ=4), CBRM (σ=2, δ=1) or new other proposal. During the e-mail discussion, one company proposed CBRM (σ=3, δ=3) in R1-073410. This parameter could remove all the spikes and improved the performance. One analysis on this issue is in R1-083806. 
Company’s views on sub-bock interleaver optimization are summarized on the table 1. Most of companies prefer to keep current working assumption
Proposed way forward: to agree to keep current working assumption  (σ=2, δ=1)  as it is
2.2 Covolutional code rate matching scheme

In Orlando meeting following way forward was agreed:

· Circular buffer rate matching with a 32 column interleaver

· No interlacing of circular buffer (P1, then P2, then P3 in circular buffer)

· The following column permutation: [1, 17, 9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31, 0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30].

This decision is conditioned on testing a larger set of coding rates with R=0.35 to 0.75, for a range of block sizes 30 to 80. It is FFS to update the permutation or algorithm should a substantial performance issue be seen at particular rates.

Companies provide the simulation results in R1-073360, 3739, 3360. No objection on the way forward agreed in R1-073207 was raised.

Proposed way forward: to agree on current way forward (R1-073207) as working assumption
2.3 Segmentation detail

2.3.1 RE assigned to each code block segment for rate matching

In Orlando meeting, two contributions (R1-072673, 2736) were submitted. Two questions were raised by moderator from these two contributions 

1. Apply whether (almost) same size code block or not?

2. If yes. Apply whether simple equal size or equal rate?

It seems almost same size code block could be easily agreed. On the selection of “equal size” or “equal rate”, one comment was on “equal size”. It is somewhat misleading to have an "equal size" rule. Since we have two sizes of code blocks and any arbitrary number of assigned resource blocks, we can never guarantee that there are an identical number of modulation symbols for all code blocks. During the discussion, one agreement on this issue is integer number of modulation symbols per code block
Several contributions (3276, 3363, 3671, and 3742) are discussed on this issue.
The company’s views are listed on table 1. Most of companies prefer to use almost “equal size”. 
Proposed way forward: to agreed on ALMOST equal size code block segmentation and integer number of modulation symbols per code block as working assumption. Detail equation should be confirmed during the Athens meeting
2.3.1 CRC attachment (transport block, code block, hybrid?)

As discussed in Orlando meeting, there are three candidates:

1. CRC per transport block size (current WA)

· Small overhead

2. CRC per code block segment

· Saving the UE power by stopping the decoding

3. Hybrid 1 (Number of CRC bit per code block segment is FFS)
4. Hybrid 2 (Number of CRC bit per code block segment is FFS)
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Several contributions (R1-073268, 3362, 3268, 3310, 3504, 3588 3740, and 3740) are investigated from complexity, decoding power reduction etc.
Company’s preferences are summarized below

Option 1: Motorola, Alcatel-Lucent

Option 4: NSN, Nokia, Ericsson, Qualcomm, Samsung, LGE, Nortel, ZTE
Proposed way forward: to agree Option 4 as working assumption. Number of CRC bit per code block segmentation is FFS.  
2.4 Channel interleaver
The conclusions in Orlando meeting were summarised below:

· DL: WA on 1-OS-based interleaving on RE level

· FFS whether additional S/P bit interlacing or S/P separation in FD

· FFS whether the interleaver is an identity interleaver (ie no interleaving)

· UL:  FFS

Companies provided simulation results in R1-073277, 3362, 3503, 3699 and 3710. From the results, most of company prefer identity interleaver (i.e no interleaving) in DL.  For the UL, Companies provided simulation results in R1-073361. From the results, most of company commented on the reflector prefer sub-frame level interleaving in UL. 

On S/P bit interlacing and bit priority mapping (BPM), we need the online/offline discussion in Athens meeting
Proposed way forward: to agree on identity interleaver (i.e no interleaving) in DL as working assumption. On UL, some interleaver may be needed. One candidate is sub-frame level interleaving.
2.5 Constellation rearrangement

Most of companies prefer no constellation rearrangement is used (see table 1)
Proposed way forward: to agree on no constellation rearrangement as working assumption. Review the necessity after the discussion on other channel coding detail if needed. 
2.6 HARQ

Several contributions (R1-073270, 3364, 3366, 3533, 3636, 3673, 3699, 3767) investigated the timing relationship and processing delay in eNB and UE. The results are different from companies.  Company’s views are summarized in table 1.
Proposed way forward: Continue the discussion after agreement on some of other channel coding issue (channel interleaver etc. ). 
3. Summary of Company Views

Company views on the above issues are summarized below.

Table 1 Summary of company’s view

	

	Rate matching for turbo
	Rate matching for CC
	Coding chain
	Constellation rearrangement
	Number of HARQ process (FDD)

	
	1 stage or 2 stage
	Split of soft buffer
	Interleaver coefficient
	
	RE assign
	CRC attachment
	Channel interleaver
	
	

	
	
	
	
	
	
	
	DL
	UL
	
	

	NSN and Nokia
	
	Equal size
	=2, =1
	Keep 3207 as it is 
	Equal size
	Option 4
	No interleaver, BPM
	Can accept sub-frame
	Not needed
	8

	Alcatel Lucent
	
	
	
	
	
	Option 1
	No interleaver
S/P interlacing
	
	Not needed
	6

	Motorola
	2 stage
	Variable size
	=2, =1
	Keep 3207 as it is
	Equal size
	Option 1
	No interleaver
No BPM
	sub-frame
	Not needed
	8

	Nortel
	
	
	
	Keep 3207 as it is
	
	Option 4
	No interleaver
	
	Not needed
	

	LGE
	
	
	
	
	Equal size
	Option 4
	No interleaver
	
	
	

	Ericsson
	1 stage is basis.
	Equal size
	=2, =1
	Keep 3207 as it is
	Equal size
	Option 4
	No interleaver
	
	Not needed
	7-9?

	Samsung
	2 stage
	
	=2, =1
	
	Equal size
	Option 4
	
	
	
	8

	Qualcomm
	1 stage
	Equal size
	=2, =1
	
	Similar rate
	Option 4
	
	
	Not needed
	8

	Broadcom
	
	
	=3, =3
	
	
	
	
	
	
	

	Fujitsu
	(2 stage)
	
	
	
	
	
	
	
	
	6

	Panasonic
	
	
	
	
	
	
	
	
	
	6


	DoCoMo
	
	
	
	
	
	
	
	
	
	6

	ZTE
	1 stage
	
	=2, =1
	Keep 3207 as it is
	
	Option 4
	BPM
	BPM
	Not needed
	8
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