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1 	Introduction
In Ran1 #89 meeting, we agreed to the following, 
Agreement: 
· For DL: 
· J’ = 3 or 6, to be downselected at June adhoc
· J’’ = 0
· At least some of the J + J’ bits are appended
· FFS until June adhoc:
· how the J + J’ bits are obtained 
· If J’=6, working assumption that at least some of the J + J’ bits are distributed (including to support early termination in the code construction) (Consideration of J’=6 proposals without distributed J+J’ bits are not precluded.)
· If J’=3, FFS until June adhoc whether some of the J + J’ bits are distributed (including to support early termination in the code construction)
· Consideration of distribution of bits shall consider complexity versus benefit and comparison to implementable purely implementation based methods for early termination
Email discussion until Thursday 1st June to align calculation methods for latency and complexity with early termination – Zukang (Huawei). 

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this contribution, we compare different code constructions, which are CA-Polar where CRC attached at the end of the info block and distribute-CRC Polar code where CRC bits are distributed according to the method/pattern mentioned in [1,2].  
2 	Performance
In RAN1 #NR Ad-Hoc meeting, following agreement was made to provide evaluations of control channel coding proposals. 
Agreement:
· To compare CRC-related aspects of polar code design,
· The same FAR performance (the same as LTE) should be considered for a fair comparison
· List size Lmax 8 is the baseline (evaluations of other values are not precluded)
· Performance metrics (may be based on analytic derivation)
· BLER
· FAR (with AWGN as input to the decoder)
· Polar codes for control channels support one of the following alternatives:
· Alt. 1: CRC + “basic polar” (i.e. as per above agreed description) codes
· 1a: Longer CRC
· e.g.	(J + J’) bits CRC + basic polar
· 1b: J bit CRC
· The J bits can be distributed
· The CRC can be used for both error detection and error correction
· Alt. 2: J bits CRC + concatenated polar codes 
· e.g.	 	 J bits CRC + J’ bits CRC + basic polar;
            	 J bits CRC + J’ bits distributed CRC + basic polar;
           	 J bits CRC + PC bits + basic polar; (i.e. PC-Polar)
           	 J bits CRC + Hash sequence + basic polar;
	…
· J bits CRC is only used for error detection

After Ran1 #NR Ad-Hoc, companies were proposing different schemes mainly focusing on the second bullet and highlight different advantages like early termination benefits. However, these new proposals tend to have significant concerns of FAR specially for the intended transmissions in control channels. The polar code construction for control channels should first focus on the satisfying the good BLER and FAR performance, before highlighting benefits of early termination. 
Proposal 1: Proposals for control channel code constructions should provide full investigation of FAR considering all cases of blind decoding that may appear in NR coding channels. 
As we highlighted in [4], distributed CRC provides early termination benefits with the similar BLER and FAR performance as in CA-Polar. In addition to this early termination benefits, it provides the flexible code construction that could be utilized to improve the performance. Most of the techniques that we discuss in control channels are implementation choices where companies can also decide not to implement them. For example, companies may use PM (or any other detection techniques) that is useful for error detection, then relax the CRC error detection. In such cases, the CRC bits can be used to improve the error performance without impacting FAR. In some cases, a UE may always operate with fixed aggregation level or control format, which may help to reduce the number of blind decodes. When the number of blind decodes are lower, the FAR can be relaxed and CRC bits can be used to improve the performance. For use cases like URLLC, we may always operate with the maximum aggregation levels, which will also reduce the number of blind decodes. Moreover, it has been agreed that two-stage DCI may consider in future for DL control channels and having different coding construction may not be feasible for these new features. When two-stage DCI is applied, the performance of the system can also be improved as BLER increases with the number of bits used for error correction. As channel coding is hardware critical part of NR that should also support the forward compatibility, new features should be able to get the required support from the code construction that we finalize now. There can be many other reasons to have a flexible code construction for control channels and we highlighted only few examples which can be foreseen now.  
Next, we check the possibility of improving the BLER performance with distributed CRC which is not possible with traditional CA-Polar. 
2.1 	Simulation parameters
Here, we provide the simulation set-up to see BLER performances that distributed CRC can achieve. The simulation parameters are provided in Table I. These parameters were first agreed during Ran1 #86 to evaluate control channel coding candidates.  
Table I: Simulation parameters
	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	CA-Polar
	Distributed-CRC Polar [1]

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

	Decoding algorithm
	CRC aided List-8 (CRC used after decoding the full info block to select the path)
	X CRC bits are used for tree pruning, X = 3. 

	Info. block length (bits w/o CRC)
	16, 32, 48, 64, 80, 120

	CRC bits (detection + correction)
	19
	19



Please note that when X = 0, which means CRC bits are not used for tree pruning. CRC bits can be used after full info is decoded. The performance will be similar to CA-Polar scenario. Distributed CRC polar provides the flexibility of using CRC bits in tree pruning. 
Code construction procedure (reliability ordering, shortening) is assumed as in [3]. Coded block (M) is calculated such a way that Coded block size = info block size/code rate, where CRC bits cause an increase in the effective code rate. Selected parameters are further explained in Annex I. CRC polynomial used for 19 CRC case is 0xA2B79. In [5], we provided a similar kind of performance analysis with some other polynomial. In summary, the investigation should be valid for most of the available CRC polynomials when they CRC bits are distributed.

2.2 	BLER performance comparison 
In this section, we provide the simulation results of BLER for the agreed block size and rate combinations. 
Case 1: 16 info. bits
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Figure 1: BLER vs. Es/No for 16 info. bits









Case 2: 32 info. bits
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Figure 2: BLER vs. Es/No for 32 info. bits

Case 3: 48 info. bits
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Figure 3: BLER vs. Es/No for 48 info. bits


Case 4: 64 info. bits
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Figure 4: BLER vs. Es/No for 64 info. bits
Case 5: 80 info. bits
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Figure 5: BLER vs. Es/No for 80 info. bits


Case 6: 120 info. bits
[image: ]
Figure 6: BLER vs. Es/No for 120 info. bits


Observation 1: Distributed CRC-polar can provide better BLER performance than CA-Polar for all block sizes and code rates. 
Observation 2: Gains are significant for payload sizes less than 100 bits. In practice, almost all the time DCI and UCI payload sizes will be less than 100 bits. 
It is understandable that FAR of distributed CRC will be much lower than CA-Polar when they are operating in this operating mode. Distributed CRC polar will have different FAR depending on the number of CRC bits used for pruning. However, as we mentioned above it will provide the same BLER and FAR when we set X = 0. Therefore, it is quite flexible to work on different modes. 
Observation 3: Distributed CRC polar has the capability of using CRC bits for error correction and detection according to the requirement. 
In Figure 7, FAR for the intended transmission is provided when X = 0 for the same CRC polynomial. We see that FAR is slightly better than the LTE FAR. However, we need to clarify that CRC distribution can work with any other CRC polynomial and finalizing CRC polynomial should be done by evaluating all most all block sizes and code rates we may have in NR control channels. 
[image: ]
Figure 7: FAR vs. Es/No for intended transmission

Based on these evaluations and the benefits of early termination we highlighted in [4], it is evident that distributed CRC polar proposed in [1,2] is the best polar code construction scheme and should be adopted in eMBB control channels. 
Proposal 2: Distributed CRC polar code construction should be used in the control channels.
3	Conclusion
In this contribution, we compare the performance of CA-Polar and Distributed CRC polar, and we have the following observations and proposal. 
Observation 1: Distributed CRC-polar can provide better BLER performance than CA-Polar for all block sizes and code rates. 
Observation 2: Gains are significant for payload sizes less than 100 bits. In practice, almost all the time DCI and UCI payload sizes will be less than 100 bits. 
Observation 3: Distributed CRC polar has the capability of using CRC bits for error correction and detection according to the requirement. 
Proposal 1: Proposals for control channel code constructions should provide full investigation of FAR considering all cases of blind decoding that may appear in NR coding channels. 
Proposal 2: Distributed CRC polar code construction should be used in the control channels.
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Annex I
Table II: Number of encoded bits for different info bits (without CRC) and code rates. 
	
	16
	32
	48
	64
	80
	120

	1/12
	192
	384
	576
	768
	960
	1440

	1/6
	96
	192
	288
	384
	480
	720

	1/3
	48
	96
	144
	192
	240
	360

	1/2
	32
	64
	96
	128
	160
	240

	2/3
	24
	48
	72
	96
	120
	180



Table III: Mother polar code sizes
	
	16
	32
	48
	64
	80
	[bookmark: _GoBack]120

	 1/12
	256
	512
	1024
	1024
	1024
	2048

	 1/6
	128
	256
	512
	512
	512
	1024

	 1/3
	64
	128
	256
	256
	256
	512

	 1/2
	64
	64
	128
	128
	256
	256

	 2/3
	32
	64
	128
	128
	128
	256



Red color points exceed code rate one, and does not include in the simulation results. 
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