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Discussion
1
Introduction
In RAN1 #84bis and #85, we discussed heavily on the coding schemes for main usage scenarios of NR [1-2]. The performance evaluations and other aspects related to these usage scenarios are not fully applicable for control channels, where many other requirements should be evaluated in control channel coding.  

In this contribution, we highlight importance aspects to be evaluated when selecting the right candidate scheme for control channel coding and provide initial simulation assumptions to start evaluations. 

2 
Discussion
In RAN1 #84bis meeting [1], the following agreement was made as the selection criteria of coding scheme(s) especially considering eMBB, URLLC, and mMTC cases.  

· Selection of 5G new RAT channel coding scheme(s) will consider,
· Performance

· Implementation complexity

· Latency (Decoding/Encoding)

· Flexibility (e.g., variable code length, code rate, HARQ (as applicable for particular scenario(s)))

The control channel coding scheme is very important part of the coding discussions and often accompanied by different set of requirements than the data channel codes. The performance of control channel coding scheme usually associated with the definitions of PDCCH in the frame structure. In LTE, multiple PDCCH can be assigned in a sub-frame, and a UE does the blind decoding. Therefore, making the right decision for PDCCH is required to recover the data transmitted in the PDSCH. When we have a larger number of blind decoding attempt, the false alarm rate of such blind decoding can be high. This is something that both channel coding and frame structure of the NR should carefully consider.
To understand thing better, it is good to have a look at the coding schemes used in LTE, which are given in Table 1. 

Table 1: Usage of channel coding scheme and coding rate for control information.
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Primary control channel coding scheme, TBCC, operates up to 70 bits of info block sizes and block codes (Reed-Muller) are mainly considered for lowest info block sizes. These code constructions are well established and capable of providing good performances for the block sizes that they operate. 
In RAN1 #84bis and #85, some companies suggested that the control channel coding scheme should be replaced if the benefits are identified for other coding schemes. We could expect slightly higher control info bits requirements in the eMBB scenario. To replace the best performing TBCC and block code in this range of block sizes, we should identify the evaluations methodology. 

In general, the process of selecting the control channel coding scheme/schemes may lead to many directions unless we follow clear guidelines. Here, we propose such guidelines to for the study of control channel coding for eMBB scenario: 

1. Identify key requirements for control channel coding
· For control channels, reducing false alarm rate can be crucial. In LTE, CRC check is used with blind decoding to detect the errors. CRC error can be occurred when no valid codeword is transmitted or a codeword is transmitted but decoding error occurs. As all the decisions are taken based on CRC check, use of larger CRC bits is generally required to increase the accuracy of CRC check. Some block codes have the inbuilt extra error check mechanism, example LPDC, and capable reducing false alarm rate of the decoding. 

· Code construction should not depend on the channel, where blind decoding process could be more complicated and lead to higher false alarm rates. Fixed code structures can be favorable considering uncertainties that blind decoding already associated with.  
· Control channel coding scheme should also support finer granularity, and simplified mechanisms should be available to support rate matching. 

· Reliability is often considered as essential requirements where we often have to lower code rates. Existing code rates in LTE control channels and lower rates can be used as the base to evaluate coding schemes. 
2. Identify control channel coding candidates
TBCC and Reed-Muller codes can be thought as natural choices for the control channel coding schemes. It is also beneficial to investigate the performance of LDPC as it contains inner error detection capability even in the CRC test fail. Also, the performance is better when the rates are lower than 1/3. Moreover, there can be many other candidates which are capable of satisfying requirements of control channel codes. 
3. Simulation assumptions to evaluate coding schemes 
To evaluate initial performances, following simulation assumptions can be used for the proposed codes. 

Table 2: Simulation assumptions to control channel coding

	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	TBCC
	LDPC
	Reed-Muller

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

	Decoding algorithm
	Viterbi
	Offset min-sum
	FHT

	Info. block length (bits w/o CRC)
	16, 32, 48, 64, 80


4. Implementation aspects related to coding candidates 

The implementation aspect related to the control coding scheme can make sure that the code constructions and decoding algorithms used in the simulations are in line with the capability of the code to have real implementation. We may not have critical requirements on area and energy efficiencies as in eMBB scenarios, however, cross checking implementations with simulation results will be beneficial and provide fair comparison among coding schemes. 
3
Conclusion
In this contributions, we proposed the way forward for evaluation of the control channel coding for the eMBB scenario. We propose following guidelines by providing simulation assumptions and candidate codes to be studied for control channel coding, 
1. Identify key requirements for control channel coding
2. Identify Control channel coding candidates
3. Simulation assumptions to evaluate coding schemes 
4. Implementation aspects related to coding candidates 
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