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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
In RAN1#87, Polar codes were adopted as channel coding scheme for NR eMBB control channels. As for the maximum mother code size of polar codes, some agreement is in [1]: 
Agreement:
· [bookmark: _GoBack]Maximum mother code size of Polar code, N=2n, is:
· 256 <= Nmax,DCI <=1024 for downlink control information
· 1024 <= Nmax,UCI <= 2048 for uplink control information
· Exact values to be revisited with the aim of agreeing at RAN1#88 

In this contribution, we will discuss the considerations on the maximum mother code size of Polar codes in NR eMBB control channels.
2. Discussion
One of the reasons that Polar codes is adopted for NR eMBB control channels is that Polar codes can flexibly support a much lower coding rate with an increasing coding gain. In order to squeeze any potential coding gain from Polar codes, the maximum mother code length (Nmax) should be selected in function of higher layer payload more than the implementation complexity that would be eventually improved with future hardware technologies.
2.1. Payloads from Higher Layers in NR
Although the details about NR DCI and UCI contents are under discussions, the maximum NR control payload size is believed to be much larger than that in LTE system. This is based on a common sense that more new information would be introduced into NR to support new features such as hybrid frequencies, multi-beam related management with massive MIMO, rich acknowledge information (CB-level ACK/NAK), service multiplexing, and so on [3][4]. We notice that a UCI payload of at least a few hundreds of bits is assumed during the discussion of PUCCH in long-duration [1]. We also notice that a larger DCI is proposed to meet the requirement for advanced scheduling of eMBB, forward compatibility, and so on. This large DCI can be handled by SCL decoder with list size of 8 for the code length up to 2048, to meet the latency requirement of blind decoding as LTE [7]. In [2], a simulation assumption was defined for NR control channel evaluation, which can be considered as a starting point.
2.2. Implementation Complexity
In this section, we analyze the incremental implementation complexity cost to support Nmax values of 256, 512, 1024 and 2048 for a Parity-Check SC List (PC-SCL8) decoder with a list size of 8.
In the proposed PC-SCL8 Polar decoder implementation, it is also important to note that the decoding latencies of a codeword (length N < Nmax) remains the same for different value of Nmax.
Observation-1: Larger Nmax does not change the codeword decoding latencies (length N < Nmax).


Table 1	Implementation Complexity for different Nmax
	Nmax
	Relative Area

	2048
	100%

	1024
	81%

	512
	71%

	256
	67%



Observation-2: As Nmax doubles, the PC-SCL8 additional implementation complexity is no more than 24%.  In the downlink direction, the decoder area grows by 14% to support Nmax = 1024 (compared to Nmax = 512).  In the uplink direction, the decoder area grows by 24% to support Nmax = 2048 (compared to Nmax = 1024).

2.3. BLER Performance
In this section, we compare the BLER performance in AWGN channel with QPSK with different mother code sizes, all within the agreed Nmax range. The Polar code construction method described in [5][6] and the decoder with List 8 are used in the simulation. 
Notation:
K: information block length including CRC bits
R: code rate
M: code length
N: mother code length
Nmax: maximum mother code length
In below, we take the larger payload size in [2] and [1] to evaluate the impact of different maximum mother code sizes on performance. The mother code length and the corresponding rate matching method are defined as:

If M≤Nmax, 
	Mother code length: 
	Rate matching: shortening or puncturing
Else 
	Mother code length: N=Nmax
	Rate matching: repetition reversely from the end coded bit 


· Simulation results for DCI with different maximum mother code sizes
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(a.1) K=120, R=1/6									(a.2) K=200, R=1/6
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(b.1) K=80, R=1/12							(b.2) K=200, R=1/12
[bookmark: _Ref473908463][bookmark: _Ref472883505]Figure 1. Performance of Polar codes with different maximum mother code sizes for DCI
Figure 1 shows the BLER performance comparison of Polar code with different maximum mother code sizes for DCI with K=80,120 and 200. 
· Simulation results for UCI with different maximum mother code sizes
[image: ] [image: ]
(a)K=400, R=1/6						(b) K=600, R=1/3
[bookmark: _Ref473908639]Figure 2. Performance of Polar codes with different maximum mother code sizes for UCI
Figure 2 shows the BLER performance comparison of Polar code with different maximum mother code sizes for UCI with K=400 and 600.  
From Figure 1 and Figure 2, it can be observed that for large DCI and UCI, with larger maximum mother code size, more coding gain can be obtained, which is very important for enlarging the system coverage, especially on NR control channel.

Observation-3: Polar code with mother code size of 1024 can achieve about 0.6 dB coding gain over that of repetition scheme from mother code size of 512 for large DCI.
Observation-4: Polar code with mother code size of 2048 can achieve about 0.7~1.1 dB coding gain over that of repetition scheme from mother code size of 1024 for large UCI.

Proposal: Polar code should support maximum mother code size of 2048 for UL and 1024 for DL, in order to benefit from additional coding gain and support forward compatibility.
3. Conclusion
In this contribution, we discussed the maximum mother code size of eMBB control channel. We have the following observations and proposal:
Observation-1: Larger Nmax does not change the codeword decoding latencies (length N < Nmax).
Observation-2: As Nmax doubles, the PC-SCL8 additional implementation complexity is no more than 24%.  In the downlink direction, the decoder area grows by 14% to support Nmax = 1024 (compared to Nmax = 512).  In the uplink direction, the decoder area grows by 24% to support Nmax = 2048 (compared to Nmax = 1024).
Observation-3: Polar code with mother code size of 1024 can achieve about 0.6 dB coding gain over that of repetition scheme from mother code size of 512 for large DCI.
Observation-4: Polar code with mother code size of 2048 can achieve about 0.7~1.1 dB coding gain over that of repetition scheme from mother code size of 1024 for large UCI.

Proposal: Polar code should support maximum mother code size of 2048 for UL and 1024 for DL, in order to benefit from additional coding gain and support forward compatibility.
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