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1. Overview
In #86 meeting, there agreed simulation assumption for comparing eMBB control coding candidates:
	Agreement:
· Simulation Assumptions for eMBB control channel coding 
· Evaluate the block error rate (BLER) performance versus SNR 
· Evaluate the false alarm rate versus SNR

	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	Repetition
	Simplex
	TBCC
	Turbo
	LDPC
	Reed-Muller
	Polar 

	Code rate (for evaluation purposes)
	1/24*, 1/12, 1/6, 1/3, 1/2, 2/3 

	Decoding algorithm
	ML
	ML
	List-Viterbi
	Scaled max log MAP
	Adjusted
min-sum 
	FHT
	SC list 

	Info. block length (bits w/o CRC) (for evaluation purposes)  
	1, 2, 4, 8, 16, 32, 48, 64, 80, 120, 200






In this contribution, we focus on comparing two non-iterative coding schemes, i.e., TBCC and Polar, for DL control channels regarding the stringent latency requirement for the reception. The following aspects will be addressed:
· Performance (also regarding the demand of new NR DCI designs)
· Decoder latency and complexity comparison
and finally we will wrap up with the suggested coding for eMBB control channels so as to achieve enhanced performance as well as new benefits to system and UE parts.
This contribution is organized as follows. In section 2, we start with performance comparison on enhanced TBCC [1] and Polar code [2], where the demand of new NR DCI design directions will be considered. In section 3, we further compare the decoder latency and complexity. In particular, it will be shown that area compact Polar decoder proposed for eMBB small data can be used to fulfill control channel requirement. Finally, summary is provided in Section 4.




2. Performance Comparison
Detection performance of control channel is important as an inferior coding design will severely degrade UE link performance as well as system capacity. In this section, the following setting will be compared regarding that the decoder complexity and latency of the two codes are similar, as will be investigated in Section 3. 
Table 1: Non-iterative control channel coding schemes to be compared
	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	64-state E-TBCC [1]
	Polar code [2]

	Code rate 
(for evaluation purposes)
	1/12, 1/6, 1/3, 1/2, 2/3

	Decoding algorithm
	Viterbi decoder
	SCL decoder of list-8

	Info. block length (bits w/o CRC) 
(for evaluation purposes)
	8, 16, 32, 48, 64, 80, 120, 200



	In Fig. 1, the required SNRs for E-TBCC, abbreviated as TBCC in the curve legend, and Polar code of list-8 to achieve BLER of 0.01 are compared. The following observations can then be obtained:
Observation 1: Polar code of list-8 can generally outperform 64-state E-TBCC by up to 2 dB or more gain. For around 40 bit input data size and code rates 0.33 and 0.5, E-TBCC can slightly outperform Polar code of list-8 by up to 0.25 dB gain.
	Note that recent new NR DCI discussions reveal some interesting demands [3]. First, 2-stage DCI is proposed so that DCI is factored to reduce average control overhead, which will shift the typical DCI data size to < 30 bits. Second, DCI aggregation is proposed to exploit coding gain and reduce RNTI overhead, which can enlarge DCI size to >= 56 bits. Therefore, we further see:
Observation 2: Polar coding gain can help new NR DCI designs with smaller or larger DCI sizes.
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Fig.1 Performance comparison between 64-state rate-1/9 E-TBCC and Polar code of list-8
Regarding the performance strength of Polar code, we have the following proposal:
Proposal 1: Polar code shall be selected for eMBB control channels for the generally better performance than 64-state E-TBCC and the potential to benefit future NR DCI designs with smaller or larger DCI sizes.

3. Decoder Latency and Complexity Comparison
In this section, we will compare the latency and complexity of the TBCC decoder and the Polar decoder of list-8. In particular, it will be clarified how the compact list-8 Polar decoder suggested in [4] can realize decoding latency as a low-latency Viterbi decoder when perform LTE-like blind decoding.
The Polar decoding can be performed by repeatedly calling a sequence of submodule operations, and Fig.2 below illustrates the sequential processing over 3 major submodules. While the sequential processing is simple to control, there exhibits many idle time slots in such design. In control channel setting of larger amount of blind decoding, how to improve HW utilization and reduce decoding latency becomes critical. 
In Fig. 3, there shows a simple way to improve HW utilization by multiplexing the decoding of three parallel codeblocks. Since DL control channel requiring blind decoding naturally sees multiple codeblocks, such a scheme can be utilized for improve HW efficiency and reduce the average latency per codeblock. Consequently, we can have the following observation.
Observation 3: Parallel decoding of multiple codeblocks can be utilized to reduce per codeblock decoding latency in control channel requiring multiple blind decoding.
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Fig. 2: Illustration on how Polar decoding can be sequentially performed

	Time
	f-function
	metric & sort
	g-function & partial sum

	t
	Bit group m, CB0
	Bit group (j-1), CB2
	Bit group (i-1), CB1

	t+1
	Bit group i, CB1
	Bit group m, CB0
	Bit group (j-1), CB2

	t+2
	Bit group j, CB2
	Bit group i, CB1
	Bit group m, CB0

	t+3
	Bit group (m+1), CB0
	Bit group j, CB2
	Bit group i, CB1

	t+4
	Bit group (i+1), CB1
	Bit group (m+1), CB0
	Bit group j, CB2

	t+5
	Bit group j, CB2
	Bit group (i+1), CB1
	Bit group (m+1), CB0


Fig. 3: Illustration on how to improve Polar decoder HW utilization

	Considering LTE-like blind decoding setting, Table 2 shows an example design how to feed the 22 blind decoding candidates as 3 parallel decoding thresholds. The overall decoding latency is dominated by CCE level 8 decoding, and the memory shall be partitioned as for 3 parallel Polar decoders of N = 256, 512, and 1024 for decoding (CCE levels 1 and 2), (CCE level 4), and (CCE level 8), respectively. Note that the total memory of the list-8 Polar decoder in [4] is for N = 2048 and thus can accommodate the partition. 

Table 2. Decoding latency analysis with parallel codeblcok decoding for LTE-like control channel setting
	CCE level
	Code bit length
	Polar code N
	Candidate #
	Latency est.
	Overall latency est.

	1
	72 
(high code rate)
	128
	6
	<= 3 N per CB
 6912
	

8192 cycles
(dominated by 
CCE level 8)

	2
	144
	256
	6
	
	

	4
	288
	512
	6
	<= 2.5 N per CB
 7680
	

	8
	576 
(low code rate)
	1024
	4
	<= 2 N per CB
 8192
	



Table 3 further extracts the related area information from [4] and adding one extra low comparing the control channel decoding latency, and one can check that the small data decoder can be reused for control channel with competitive decoder complexity and latency to LTE TBCC Viterbi decoder.

Table 3: Comparison between Polar decoder of list-8 in [4] and LTE TBCC Viterbi decoder
	Decoder type
	5Gbps LDPC
	Polar list-8
	TBCC

	Characteristics
	I <= 8192
Lifting <= 512
Code rate >= 1/3
	N <= 4096
>= 2 codeblocks in 0.125 ms @ 250MHz
	LTE TBCC Viterbi decoder

	Total area
	100%
	7.3%
	6.5%

	Control decoding latency (cycles)
	N/A
	<= 100%
	100%



With the rate-1/9 E-TBCC, there requires wider decoder internal Viterbi decoder bitwidth and more parallelism in branch metric processing, thus reasonable to assume larger cost than LTE Viterbi decoder. Consequently, the following are used to wrap up the above analysis:

Observation 4: There exists an area compact Polar decoder design that can cover eMBB small data and control channel with competitive cost and decoding latency to E-TBCC Viterbi decoder.
Proposal 2: Polar code is adopted for NR eMBB DL control channel and data channel of short codeblock length so as to provide performance advantage to both control and small data with virtually no area penalty to an NR UE.





4. Summary
In this contribution, we started with comparing the two most competitive non-iterative control channel coding schemes, i.e., Polar code and 64-state E-TBCC, from the performance and decoder requirement perspectives. In particular, the following are provided:

Observation 1: Polar code of list-8 can generally outperform 64-state E-TBCC by up to 2 dB or more gain. For around 40 bit input data size and code rates 0.33 and 0.5, E-TBCC can slightly outperform Polar code of list-8 by up to 0.25 dB gain.

Observation 2: Polar coding gain can help new NR DCI design with smaller or larger DCI sizes.

Proposal 1: Polar code shall be selected for eMBB control channels for the generally better performance than 64-state rate-1/9 E-TBCC and the potential to benefit future NR DCI design with smaller or larger DCI sizes.

Observation 3: Parallel decoding of multiple codeblocks can be utilized to reduce per codeblock decoding latency in control channel requiring multiple blind decoding.

Observation 4: There exists an area compact Polar decoder design that can cover eMBB small data and control channel with competitive cost and decoding latency to E-TBCC Viterbi decoder.

	Finally, combining the investigation in [4], we see Polar code is a unique coding scheme than can cover DL control channel as well as extended applications, e.g., enhancing the small data performance. Thus the final proposal can wrap up our analyses and suggestions:

Proposal 2: Polar code is adopted for NR eMBB DL control channel and data channel of short codeblock length so as to provide performance advantage to both control and small data with virtually no area penalty to an NR UE.
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