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1 [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
In this contribution, we will evaluate the polar code for NR control channels in terms of coding gain, missing/false-alarm rate of blind detection, and detecting/decoding latency. 
This contribution will start with an analysis of the requirements of the NR control channels, and then evaluate how polar code to meet them with some advantages against LTE-TBCC code. 
2 Discussion 
2.1 Requirements of NR Control Channels
The detection reliability and coding gain on NR control channels are so crucial for an entire NR system performance that its control-channel codes should meet the following requirements:
· Significant coding gain –A significant coding gain over LTE-TBCC Viterbi decoder is expected in NR design, which not only offers high reliability for individual terminals but also provides coverage benefits from a system level perspective. Moreover, an ultra-reliable control channel code is consistent with the ultra-reliable transmission over the URLLC data channels.
· False Alarm and Miss Detection rate -A false detection rate is defined as the ratio of the number of the events that an unscheduled UE incorrectly detects a control channel over the total number of the trials, while miss detection denotes the event when a DCI sent for UE but CRC fails for all the candidates. A new channel code is expected to come up with a lower missing detection and false-alarm rates that guarantees the probability of collision on PUSCH and PUCCH lower than 10-3[1], while keeping good coding gain over LTE-TBCC.
· Detection Latency – The detection latency of the PDCCH channel is less than 0.125ms [2], the shortest TTI in NR. The size of searching space is larger than the LTE systems that have maximum 44 candidate control channels in one TTI. 
· Fine Granularity - Fine granularity over the code bits is expected to allow a more flexible scheduling over the resources for the control channels. 
2.2 Evaluation for NR Control Channel
Coding Gain
A Polar code for NR control channels derives from its counterpart for NR data channel as detailed in [3], in which a self-parity-check function is applied onto the PC (Parity-check)-frozen-bit set to increase the minimum coding distance. Therefore, a PC-enabled polar code for NR control channels inherits two advantages from the counterpart:  
· A fine-granularity and SNR-irrelevant rate-matching scheme in a nested method 
· A PC-SCL List-8 decoder that avoids using CRC bits for path selection and reaches or even outperforms a CRC-aided list-32 decoder 
LTE-TBCC is used for the comparison purpose. To control its false-alarm rate, we don’t use any CRC-aided LVA (list-Viterbi-algorithm) decoder, though having good BLER performance, but a Viterbi decoder for all the comparisons such as coding gain, detection, and latency.   
We compare the BLER performances of the polar code and LTE-TBCC in function of the information block lengths and code rates based on the simulation assumption in 86# meeting as below [4]. Simulation assumption (Table 1 Appendix) and more performance comparison can be referred in Appendix, and the performance comparison between Polar code and Reed-Muller code can be referred in [5].
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Figure 1 Performance of Polar codes and TBCC

Observation-1: Polar SCL decoder outperforms TBCC Viterbi decoder in all cases.

Miss Detection/False Alarm Rates
On top of the PC-enabled polar code construction for NR data channel, we design a polar code with lower false-alarm rate for the blind detection by making use of the frozen-bit set and successive-cancellation characteristic of polar decoder. In a PC-enabled polar code for NR data channel, zero bits are transmitted over the frozen-bit set so that a decoder can use these zero bits to conduct a SC or PC-SCL decoding operation. In fact, any bits can be transmitted over the frozen-bit set without performance loss when both encoder and decoder follow the same protocol to generate the exact same sequence. In case that a decoder uses a wrong sequence, the SC decoding path metric will suddenly grow up because any error bit propagates quickly and is amplified heavily by a SC-based decoder, as shown in Figure2. 
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Figure 2 Path metric is shifting due to incorrect frozen sequence

This phenomenon provides an easy way to distinguish the target UE with others. Thanks to this attribute, a UE-ID is not only masked over a CRC but also onto the frozen-bit set: 
Encoder:  
· Determines the information-bit set, PC-frozen-bit-set, frozen-bit set, and puncture/shorten-bit set given a block length (including CRC bits) and code rate [3]. 
· Applies the self-parity bits onto the PC-frozen-bit set and appends the CRC bits; 
· Masks the UE-ID onto both CRC-bits and frozen-bit set (repetition or truncation of UE-ID may be required to fill these the frozen bits) 
· Executes polar encoding and rate matching;
Decoder with a blind detection: 
· Determines the information-bit set, PC-frozen-bit-set, frozen-bit set, and puncture/shorten-bit set given a block length (including CRC bits) and code rate [3]. 
· Calculates a threshold path metric value for the SC path metric. 
· De-masks the frozen bits with user’s own ID, calculates the path metric;
· Uses a PC-SCL list decoder that uses PC function on the PC -frozen-bit set to decode all the information bits including CRC bits, then execute the determination: 
· If the path metric is smaller than the threshold, the candidate is detected; 
Or
· If the path metric is larger than the threshold but unmasked CRC check pass, the candidate is detected;
Figure 3 shows the evaluation results of the missing-detection rate and the false-alarm rates of Polar code with simulation assumption of info block length=64, code rate=1/6, 16-bit CRC. Here:
A false detection rate is defined as the ratio of the number of the events that an unscheduled UE incorrectly detects a control channel over the total number of the trials. In this simulation, only path-metric check over the frozen-bit set is used to evaluate the false detection performance that is already below 10-4. The false alarm rate would be much lower if the masked CRC bits were used for the false-alarm detection. 
A miss detection rate is defined as the ratio of the number of the event that a DCI sent for a UE is missed by this very UE over the total number of the trials;
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Figure 3 Control channel Detection Error Probability

Observation-2: Blind detection scheme designed for polar codes can fulfill both false detection probabilities and miss detection probabilities requirement in NR control channel.
In summary, with the assist of path metric check over the frozen-bit set, we can either use less CRC bits to fulfill the miss detection/false alarm rate requirement, or keep the 16-bit CRC to enhanced the miss detection/false alarm rate performance.
Detection latency
There are two types of DCI lengths to be detected in both common search space (CSS) and user specific search space (USS) in a LTE system: 
· DCI_1A-like-length+DCI_1C-like-length for CSS search;
· DCI_1A-like-length+DCI_X-like-length for USS search (where X belongs to 1/1B/2/2A); 
A SC decoder is implemented with about 3000 Flip-flops [6] and completes decoding within (2*N-2)/4 cycles (SC-SSC). If time is closed at 1GHz, an N=1K codeword is completed in 512ns. In the worst case defined in LTE system, there are maximum 22 physical allocations to be tested and each allocation has two different code rate possibilities. Two SC decoders for each physical allocation can share some channel LLR input. Then both can sequentially detect 22 physical allocations within 12 us at an extreme low hardware cost. 
Observation-3: ASIC evaluation shows that, Polar with list decoding can easily fulfill the latency requirement for NR control channel;

Granularity
Figure 4 shows the required SNR to achieve BLER=10-2 for polar codes (QPSK, AWGN channel) as a function of the information block length.
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Figure 4 Granularity of Polar codes for Control Channels

Observation-4:  Polar codes have stable performance over the block length range with 1-bit granularity.
3 Conclusion
Observation-1: Polar SCL decoder outperforms TBCC Viterbi decoder in all cases. 
Observation-2: ASIC evaluation shows that, Polar with list decoding can easily fulfill the latency requirement for NR control channel;
Observation-3: Blind detection scheme designed for polar codes can fulfill both false detection probabilities and miss detection probabilities requirement in NR control channel.
Observation-4:  Polar codes have stable performance over the block length range with fine granularity.
In this contribution, we examine PC-enable polar code as a candidate coding scheme for control channel and compare it with the existing TBCC coding scheme used in LTE. We found that the polar code scheme satisfies all the mentioned requirements of NR control channel. Hence, we have the following proposal:
Proposal: Control channel information of NR adopts polar as the channel coding method.
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Appendix
Table 1 Simulation assumptions

	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	TBCC
	Polar

	Code rate
	1/24, 1/12, 1/6, 1/3, 1/2, 2/3

	Decoding algorithm
	Viterbi
	PC-SCL list32

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



Additional BLER results of polar codes and TBCC with different block lengths follow.
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