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1. Overview
In #86 meeting, there agreed a WF to compare the following control channel coding candidates:
	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 addition to performance part of comparisons, it is also noted:
	Companies are encouraged to provide information on complexity of their decoders, and on decoding latency


To achieve an effective UE implementation, the decoder complexity/area and latency perspectives should also be considered for a comprehensive decision. This contribution is thus devoted for inputting more specific area and latency information from existing decoder implementations or the estimation based on RTL synthesis. In particular, focusing on the possible DL control coding candidates, the decoders of TBCC, Turbo, LDPC, and Polar codes will be further compared.


2. Decoder Comparison for NR DL Control Channels
Before the comparison, we first align the logic complexity of the candidate decoders. The reference is selected to be 64-state TBCC Viterbi decoder supporting code rate down to 1/5. For Turbo decoder, the single-core setting is considered which is of radix-4 and can also support code rate down to 1/5. For the LDPC decoder, a flexible layer-by-layer decoding structure is assumed. Although LDPC decoder can exploit very high parallelism for large codeblocks, the reduced lifting matrix size w.r.t. the small control codeblock sizes only provides very limited  parallelism and induces very long decoding latency. Here, we temporally assume that 8 times of logic and memory access parallelism can be realized. The logic complexity is scaled by 8 accordingly, and, due to the potential memory fragment or register-based implementation, the memory complexity is scaled by 2 to take into account the practical cost. It is noted that the above is kind of favoring LDPC decoder since the parallelism extension may not be easy to achieve while directly duplicating the LDPC decoders is obviously much more costly. For Polar decoder, we assume a SCL list-4 design exploiting the literature designs [1][2][3]. In contrary to Viterbi, Turbo, and LDPC decoders that have been polished over many product generations, there is certain space for Polar decoder to be optimized. Although we assume SCL list-4 configuration for the comparison, optimized list-8 decoder may also be feasible to provide similar area and throughput after continuous algorithm and circuitry optimization. With the above logic complexity alignment, the corresponding memory complexities and decoding latencies of the candidate decoders can then be determined, as summarized in Table 1. 

Table 1: Control channel decoder comparison under similar logic complexities
	Decoder type
	TBCC Viterbi
	Turbo
	LDPC
	Polar

	Characteristics
	64-state
rate-1/5
	Single core
rate-1/5; 
15 half iterations
	Lifting size up to 10; rate >= 1/6; 
15 iterations
	SCL list-4 

	Logic area 
w.r.t. TBCC
	100%
	100%
	104%
(Assume optimistic 8x parallelism)
	100%

	Memory area w.r.t. TBCC
	100%
(K <= 200 bits)
	108%
(K <= 200 bits)
	259%
(K <= 200 bits)
	78%
(N <= 1024 bits)

	Decoding cycle requirement
(DCI of 200 bits)
	100% (rate-1/5)
100% (rate-1/3)
100% (rate-1/2)
	520 % (rate-1/5)
520 % (rate-1/3)
520 % (rate-1/2)
	187% (rate-1/5)
118% (rate-1/3)
72% (rate-1/2)
	128% (rate-1/5)
64~128% (rate-1/3)
64% (rate-1/2)

	Note
	K = Info bit length + CRC bit length
	N = 2n: Code bit length before rate-matching



	From Table 1, one can readily observe that the major issue of Turbo decoder is the decoding latency due to the iterative decoding nature. While a multi-core implementation can reduce the latency, the logic complexity will be multiplied accordingly. Reducing the iteration number is an alternative solution, but there can only allow 3 half iterations to reach similar latency, which can cause certain performance degradation. Therefore, we have the following observation
Observation 1: Applying Turbo decoder to NR DL control channels will encounter a critical issue of large decoding latency, which is inadequate for the control channel with many blind decoding attempts.
	
For LDPC decoder, how to boost the parallelism is critical for achieving reasonable decoding latency. Assume the parallelism can be realized with a comparable logic complexity, the decoding latency for the low code rate codeblocks still looks much longer than TBCC Viterbi. In addition, the memory complexity is the largest among all decoder candidates. Consequently, the below observation can be concluded:
Observation 2: Applying LDPC decoder to NR DL control channels is less recommended due to the longer latency for lower code-rate codeblocks and the largest memory cost among all decoder candidates.
	
	For Polar decoder, there can achieve similar to less memory complexity than TBCC Viterbi decoder for the compact bitwidth [1] and the absence of the trace back memory. With proper low latency designs, e.g., those in [2][3], similar to less decoding latency than TBCC Viterbi decoder can be realized as well. One can thus consider other aspects, such as performance and modem system power consumption, before deciding the best control channel coding. Note that, in [4], it is suggested to have a unified decoder covering all low data rate downlinks, including control channels, so that a low-power NB-IOT-like sub-receiver can be realized to optimize a significant portion of UE power consumption. The following observation is therefore suggested:
Observation 3: Polar decoder can achieve similar to less memory complexity and decoding latency to TBCC Viterbi decoder. Other aspects, including performance and modem system power consumption [4], can be investigated before selecting the best coding for NR DL control channels.


3. Summary
In this contribution, we compare the decoder candidates, including TBCC Viterbi, Turbo, LDPC, and Polar decoders, for NR DL control channels from the area and decoding latency perspectives. In particular, the following observations are provided:
Observation 1: Applying Turbo decoder to NR DL control channels will encounter a critical issue of large decoding latency, which is inadequate for the control channel with many blind decoding attempts.

Observation 2: Applying LDPC decoder to NR DL control channels is less recommended due to the longer latency for lower code-rate codeblocks and the largest memory cost among all decoder candidates.

Observation 3: Polar decoder can achieve similar to less memory complexity and decoding latency to TBCC Viterbi decoder. Other aspects, including performance and modem system power consumption [4], can be investigated before selecting the best coding for NR DL control channels.

In view of the above observations, it is therefore suggested:
[bookmark: _GoBack]Proposal 1: From decoder area and latency perspectives, NR DL control coding should be selected to be TBCC or Polar code. Performance and modem system consideration, e.g., assisting UE power reduction as addressed in [4], should be further investigated before selecting the best coding type.
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