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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 #49 in Kobe and RAN1 #49bis in Orlando. The discussions were a continuation of the discussions held prior to RAN1#49bis
The issues discussed in the e-mail reflector are listed below

(1) Rate matching for turbo code

(2) Rate matching for convolutional code
(3) Coding chain (CRC attachment, channel interleaving) 
(4) Number of HARQ processes
2. Discussion Summary

(1) Rate matching for turbo code
As agreed in the Kobe meeting, FFS issues are listed below:

- Threshold selection guideline for switching between RV=0 and 7
- Number of RVs
- Sub-block interleaver optimization
Ericsson submitted simulation results on the number of redundancy versions. From the simulation results and experience in HSPA,  “4” is good number.
(2) Rate matching for convolutional code

Although we did not have enough time to discuss this issue on the e-mail reflector, the following papers shall be discussed on this issue. 
R1-072670, R1-072969, R1-072867, R-072919, and R1-073034
It seems that these contributions are showing different views, and we need to discuss during the meeting to reach an agreement.

(3) Coding chain

We have discussed two main open issues on the channel coding chain.
 - CRC attachment: per transport block or per code block segmentation
 - Channel interleaver: none, code block segment, or X OFDM/SC-FDMA symbols
· CRC Attachment

CRC attachment may be categorized into the following 2 schemes.
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· One of the merits of CRC per transport block is small overhead. The overhead may be 0.4% in the worst case since segmentation is used only for packet sizes larger than 6144.
· The merit of CRC per code block is power saving at UE by stopping the turbo decoding if CRC is NG. However, it depends on the target BLER.
· A hybrid scheme (8bit CRC for code block segment) was also proposed since 24bit CRC per code block is overkill.

· Channel Interleaving

Channel interleaving may be categorized into the following 3 schemes.
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We have also discussed the simulation assumptions to evaluate the performance of the above channel interleavers.
Simulation assumption
	Basic assumption
	

	Number of antennas
	1 Tx antenna

	Sub-frame structure
	Short CP for DL and uplink structure with 12 LFDM symbols per TTI

	Channel estimation
	Ideal

	Channel model
	TU

	UE speed
	3km/h, 120km/h

	Information blocks size (Ninf) & coding rate (1)
	Ninf = 1500 bytes

	
	Target code rates = (0.50, 0.75)

	
	{(84, 56), (42, 28), (21, 14)} RB with {QPSK, 16-QAM, 64-QAM}

	Information blocks size (Ninf) & coding rate (1)
	Ninf = 3000 bytes

Target code rates = (0.50, 0.75)

	
	{(84, 56), (42, 28)} RB with {16-QAM, 64-QAM}



	Option A
	

	Information blocks size (Ninf) & coding rate
	Ninf = 40 bytes

	
	Target code rates (0.33, 0.75)

	
	Number of code blocks = 1

	UE speed
	50km/h

	Option B
	

	Target code rates 
	7/8

	UE speed
	3km/h

	
	


Simulation results are provided in the following documents.
R1-072659, R1-072671(UL), R1-072672(DL), R1-072918, R1-072968, and R1-073111
Since the contributing companies seem to be presenting slightly different results, we need to clarify the differences and discuss them to reach an agreement.
 (4) Number of HARQ process
One company provided a comment during the email discussion that 8 processes are needed.

From the contributions, most of companies propose 8 processes. However, this number is larger than that of analysis in 25.912.
Others

One company raised the issue on interleaving across layers in MIMO case. 
3. Summary of Company Views
Company views on the above issues are summarized below.
	
	Rate matching for turbo
	Rate matching for CC
	Coding chain
	Number of HARQ process (FDD)

	
	1 stage or 2 stage
	Redundancy version
	
	CRC attachment
	Channel interleaver
	

	
	
	
	
	
	DL
	UL
	

	Samsung
	
	
	
	Hybrid
8 bit CRC 
	(c) X=1
	
	8

	Ericsson
	1stage ?
	4
	
	(b)
	(c) X=1
	(c) slot
	7
8 (for very large cell)

	Motorola
	
	
	CBRM
	(a)
	(c) X=1 or one slot
	(c) entire sub-frame
	8

	Qualcomm
	
	
	
	(b)
	
	
	

	Nortel
	
	
	
	(a)
	(b)
	(b)
	

	Fujitsu
	2 stage
	
	
	
	
	
	

	Broadcom
	
	
	
	(b)
	(b)
	(b)
	

	Alcatel-Lucent
	
	
	
	
	(a)
	(a)
	

	NSN
	1 stage?
	
	Rel. 99RM
	
	(b)
	(b)
	8

	ZTE
	
	
	CBRM
	(b)
	(c) one slot
	(c) one sub-frame
	


(b) CRC per code block segment
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(c) Within X OFDM/SC-FDMA symbol


(X=1, 7(slot), 14(sub-frame)


 - symbol level interleaving
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(b) Within code block segmentation


(S and P interlace) 


 - Bit level interleaving
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(a) No channel interleaver


(only CBRM internal  interleaver)
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