Page 1
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]3GPP TSG RAN WG1 Meeting #86bis                                                              	    R1-1609511
Lisbon Portugal 10-14 October 2016  
[bookmark: Source]Agenda item:	8.1.3.1
Source: 	Intel Corporation
Title: 	Discussion on Data channel coding scheme for NR
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction 
In last meeting, we provide our view of the several channel coding candidates for EMBB data channel (including Turbo/LDPC/Polar). We address the remaining aspects raised for LDPC from last meeting which were mainly flexibility and related implementation aspects. 
2. LDPC coding scheme overview
In past RAN1 meetings, one observation that was agreed was that for AWGN channels and large block sizes, the three coding schemes (turbo/LDPC/Polar) have comparable link performance. In our past contribution (in [1]), we compared the three coding schemes (Turbo, Polar and LDPC) based on the available implementation references, and it demonstrated that LDPC can offer the best throughput/area tradeoff amongst the three candidates. 
For LDPC, the published literature is mainly based on 802.11n/802.16e/10G-T standards, where a limited set of block sizes/code rates is supported. Nonetheless, the principles of LDPC code design including IR-extensions and decoder implementations have also matured as has structured LDPC code design, Layered belief propagation with simplified Check Node Update algorithms, and optimizations for flexible block sizes support [2]. 
For the 802.11n LDPC code, the throughput to area ratio is ~3.7 Gbps/sq.mm [4] and it does not support HARQ-IR but does support a coarser set of block sizes and code rates. 
For illustrating the potential of LDPC, we also note the 10G-T standard decoder implementation which deliver a throughput of ~ 47.7 Gbps for one block size/code rate (~ 2048 coded bits,1700 info bits). While the 10G-T is not really a fair comparison with LTE, it shows the feasibility of LDPC achieving and exceeding data rates of tens of Gbps[5]. 
For Polar codes, a wider variety of algorithms are being studied for practical implementations and feasibility. We list one most recent PC implementation from literature in Table 1. The turbo code reference is also included for comparison[3]. 
Table 1.  Summary of Turbo/LDPC/PC implementations from literature.
	Code 
	Reference
	List
	CW Len
	Rate
	Proc(nm)
	Area(sq.mm)
	Freq(MHz)
	TP(Gbps)
	TP/Area
	Energy(pJ/bit)

	Turbo
	[3]
	n/a
	3*6144
	LTE
	45
	2.00
	600
	1.67
	0.83
	1500

	LDPC
	[4]
	n/a
	1944
	802.11n WiFI (1/2,2/3,3/4,5/6)
	45nm
	0.81
	815
	3.00
	3.70
	 

	LDPC
	[5]
	n/a
	2,048
	10G-T (one rate)
	65nm
	5.35
	700
	47.70
	8.91
	58.7 pJ/bit

	Polar
(List) 
	[6]
	16
	1,024
	0.5
	90
	7.47
	658
	0.46
	0.06
	 



The table shows that for the NR EMBB data channel LDPC can be the best choice. One remaining aspect for LDPC seems to be the support of flexbile block sizes and associated impact on hardware implementations. 
The flexibility of LDPC design is addressed in a companion contribution ([7]). That document shows that block size flexibility required for LDPC can be addressed through a combination of parity-check matrix scaling, and zero-padding operations. The results, therein, confirm that LDPC indeed can provide the desired flexibility in block sizes. 
For flexibility in codeword size, the IR-based parity-check matrix extension for LDPC can support any arbitrary rate (e.g. between 8/9 and mother code rate of 1/3) in a rate-compatible manner. This means that all HARQ schemes such as Chase combining, Partial Chase combining, IR HARQ combining, etc can be supported similar to the LTE turbo code HARQ scheme. 
It is our understanding that Polar code design in [8] generates a separate (and independent) codeword for each block size/rate pair, implying that that Partial Chase combining (e.g. codes for k/n, and k/n+1 may be independent) may not be feasible – i.e. for the two code k/n and k/n+1, the mapping of data bits to the input of Polar encoder may be different, requiring the two codes to be separately decoded. Moreover, for IR-type HARQ, the polar code Incremental freezing technique ([9]) requires multiple levels of Polar coding, and so far there is not sufficient detail on how the quantity of incremental frozen bits is set (across different transmissions and different MCS levels, etc) and decoded efficiently. 
We now discuss the impact of flexibility of LDPC on hardware implementation. As described in detail in past contribution [1], the primary contributors to the LDPC decoder implementation are the edge memory and check node update – both of which scale proportionally with throughput (e.g. taking WiFi maximum shift size of 81, and increase it to 320, both the memory/check node update logic as well as data rate quadruples), hence maintaining the throughput area benefit. For the shift size implementations, we also gave an example in the contribution where additional shift size support was considered in the design – in particular the set of shift sizes was 320:20:20, and factors of 320, which provides ~30 shift sizes between z=320 and z=1 (assuming EMBB parity-check matrix with 24z information bits, so 24, 48,…. 7680). The overall throughput/area impact of supporting the additional shift sizes was noted to be not very large. If further finer granularity of shift sizes is to be supported, it is noted that this will still not significantly alter the LDPC – see for example, references in [10] where Benes network configured to support flexible shift sizes is demonstrated. 
In summary, it is observed that with suitable selection of LDPC code parameters (Shift sizes, etc), LDPC codes can provide good performance, as well as benefits in implementations with a reasonable granularity of natively supported block lengths and finer information block size granularity supported with zero-padding, etc. 
Observation 1: LDPC code offers excellent throughput/area efficiency.
Observation 2: Overall throughput/area benefit of LDPC can be maintained with suitable choice of supported shift sizes, base matrix dimension, and total number of edges.
Considering all factors (including performance, flexble block size/code rate/ HARQ support, hardware implementations, maturity, etc), we propose the following: 
Proposal: LDPC is adopted as data channel coding scheme for EMBB.
3. Conclusion
In this contribution, we further compare the coding schemes, address flexibility-related aspects for LDPC and draw the following observations: 
Observation 1: LDPC code offers excellent throughput/area efficiency.
Observation 2: Overall throughput/area benefit of LDPC can be maintained with suitable choice of supported shift sizes, base matrix dimension, and total number of edges.
Based on the above, we propose the following: 
Proposal: LDPC is adopted as data channel coding scheme for EMBB.
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