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1 Introduction

A transport block is segmented into multiple code blocks when its size is larger than maximum code block size (6144 in LTE). To reduce receiver latency and enable efficient pipelining of receiver functions, code block based rate matching was agreed in RAN1#48bis meeting in Malta. And then in last RAN1#49bis meeting in Orlando, 1-OS-based interleaving on RE level was agreed as working assumption. 

In this document, we discuss one scheme to enhance the performance in multiple code block scenario, and simulation results are provided. 

2 Channel estimation in Pipeline receiving

With current agreement on rate matching and interleaving, to enable pipeline operation in receiver side, a code block segment is channel coded, rate matched, and then mapped to only a few OFDM/SC-FDMA symbols in a TTI. As shown in Figure 1, the transport block is segmented to two code blocks, and code block #0 is transmitted in OFDM symbol (OS) #1~#7, while code block #0 is transmitted in OS #7~#13. Note: OS #7 multiplexes modulation symbols from both the two code blocks. 
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Figure 1: RE mapping for 2 code blocks
In the pipeline receiving, code block #0 can be processed as early as the end of OS #7, which decreases the decoding latency. However, from Figure 1, if the decoding operation for code block #0 is started at the end of OS #7, only the reference signal (RS) contained in 3 OS (RS#0~RS#2) can be used in channel estimation. On the contrary, RS in all 4 OS (RS#0~RS#3) and the first RS of the next subframe (RS#4) can be used for channel estimation for code block #1. It is obvious that channel estimation accuracy for code block #1 will be better than code block #0, hence the decoding performance for code block #1 is better too. 

Actually, RS in the previous several subframe(s) may also be used to enhance channel estimation performance; however, the following factors may restrict its utilization. 

· Macro sleep operation, when macro sleep mode is enabled, UE will only receive the first several OFDM symbol(s) in a subframe when eNB doesn’t scheduling downlink data for the UE, thus the available RS in the subframe is limited to 1 or 2 at most. 

· MBSFN operation, if the last several subframe(s) is/are MBSFN subframes, unicast UE will only monitor the first 1 or 2 OS. Subject to MBSFN configuration, RS for all 4 transmit antennas are available when UE is monitoring the first 2 OS; or, only RS for the first 2 transmit antennas are available when UE is monitoring the first 1 OS. 
· The presence of RS for eNB antenna 3&4 is configurable, which may not exist in last subframe(s) in some scenarios though they are present in current subframe. 

· For Medium or high speed UEs, the channel variation might be so large that RS in last subframe(s) is obsolete and cannot be used in channel estimation for current subframe. 
As a result of above mentioned restrictions, RS in previous subframe(s) can not always be available in channel estimation, hence in section 4 of this document, only the RS in current TTI and the first RS in next subframe are considered in channel estimation. 
3 Code block reordering in HARQ transmissions
According to the analysis of pipeline operation in section 2, different code blocks of a transport block may have different channel estimation accuracy, hence different decoding performance. This is not desirable from the viewpoint of the decoding performance of a transport block, since the decoding performance of a transport block is limited by the code block with the worst decoding performance. Therefore, the decoding performance of all code blocks of a transport block should be balanced. 
In HARQ transmission, the code blocks are retransmitted with the same redundancy version (RV) (chase combining) or different RV (IR operation), when previous transmission is not successful. To balance the decoding performance of different code blocks, the mapping order of code blocks to TTI could be changed in the new retransmission. By this approach, code blocks will have different decoding performance in the new retransmission, hence after HARQ combining in receiver side, decoding performance of code blocks are averaged, which is useful to enhance the overall decoding performance of the transport block. 
As an example, assuming one transport block is segmented into two code blocks, the code block mapping order shown in Figure 1 can be used for the initial transmission; then, if the transmission is failed, code block mapping order shown in Figure 2 can be used in case of HARQ retransmission. Decoding performance of code block #1 is better in the initial transmission; and decoding performance of code block #0 is better in the HARQ retransmission; both the two code blocks will have similar decoding performance after HARQ combining of the two transmissions.  


[image: image2.emf]Code block #1

Slot 0 Slot 1

Code block #0

RS#0 RS#1 RS#2 RS#3

RS#4

PDCCH RS RE for code block #0 RE for code block #1


Figure 2: RE mapping for 2 code blocks in HARQ retransmission

4 Simulation results
In this section, simulation is performed to shown the gain of code block reordering scheme introduced in section 3. Besides the two code block case shown in Figure 1/Figure 2, 4 code block case is also simulated. The mapping method for 4 code block case is shown in Figure 3. 
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Figure 3: RE mapping for 4 code blocks in HARQ retransmission

The used simulation assumptions are summarized in Table 1. 
Table 1: Simulation assumptions

	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	10

	Antenna configurations
	2x2, Alamouti SFBC encoding

	Number of OFDM symbols for PDCCH
	1

	DL localized channel
	Index of RB are:

- 4 code block case: 1:15, 34:48, totally 30 RB
- 2 code block case: 1:2:19, 30:2:48, totally 20 RB

	Modulation 
	64QAM

	Transport block size
	- 4 code block case: 18688=4672x4

- 2 code block case: 12288=6144x2

	Channel coding
	Turbo coding, 1/3

WCDMA turbo internal interleaver is used

	Rate matching
	Circular buffer based RM

	Effective coding rate
	4 segments: 0.721

2 segments: 0.711

	HARQ parameters
	IR, totally 2 HARQ transmission, RV_0 & RV_1 are used

(Starting position of RV: (K/32(((24(i+2), i = 0,1,2,3)

	Channel estimation
	Linear interpolation in frequency domain, and then averaging in time domain;

All available RS is used (pipeline decoding)

	Fading channel
	TU3, TU30

	RS boosting
	No 


The simulation results for 4 code block case are shown in Figure 4. 
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Figure 4: Simulation results for 4 code block case
The simulation results for 2 code block case are shown in Figure 5. 
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Figure 5: Simulation results for 2 code block case, TU30
Performance gain of code block reordering is summarized in Table 2 and Table 3. 

Table 2: Performance gain for 4 code block case

	
	TU3
	TU30

	Performance gain (dB)
	0.4
	0.35


Table 3: Performance gain for 2 code block case

	
	TU3
	TU30

	Performance gain (dB)
	0.2
	0.1


5 Conclusion 
In pipeline processing at receiver, different code block of a transport block will have different decoding performance subject to its mapping position in a TTI. It is proposed to use code block reordering in case of HARQ retransmission. Simulation results show that the scheme has noticeable gain, and it incurs no complexity. Hence we propose to adopt code block reordering in LTE HARQ transmission. 
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