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1 Introduction
In RAN1#88bis, the following Working Assumption was reached for UL Polar code:
	· Working assumption: 
· …
· For UL, nFAR = 8 or 16 (at least for eMBB-related UCI; note that this applies for UL cases with CRC)
…



In RAN1#90, the following working assumption was reached:
Agreement: 
For UL code construction: 
· (nFAR + 3) CRC bits are generated by a single CRC polynomial
· CRC polynomial is FFS 
· Companies are to provide CRC proposals by 6th September
· Working Assumption: The CRC bits are attached as a block to the end of info bits
· Can be revisited at NR AH#3 if FAR is shown to exceed 1.5 x 2^-nFAR.

It was also agreed to have the following email discussion:
Proposal for email agreement by Wed 30th August – Yufei (Ericsson):
· [bookmark: OLE_LINK12]12 <= K + nFAR <= 22: 
· For 8<=K<=18, nFAR = 4
· This gives: 12<= K + nFAR <= 22
· 22 <= K + nFAR <= 256: 
· For 19<= K <=248, nFAR = 8
· This gives: 27 <= K + nFAR <= 256
· K + nFAR > 256: 
· For K>248, nFAR = 16
· [bookmark: OLE_LINK11]This gives: K + nFAR > 256

In this contribution, the email discussion is summarized.

2 [bookmark: _Ref178064866]Discussion
In RAN1#88bis, the following agreement was made. 
	Agreement (RAN1#88bis): 
· K=1 (if channel coding is applied):
· Repetition code
· K=2 (if channel coding is applied):
· Simplex code
· 3<=K<=11:
· LTE RM code
· Note that if NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM code will be extended by repetition as in LTE
· 12<=K:
· Polar code (single design for all control information sizes, except for possible omission of CRC bits for payloads <= ~22 bits)



[bookmark: _Hlk491619286]In LTE, RM code is applied to very small UCI and no CRC bits are applied (i.e., nFAR =0). 
It should be considered that smooth transition between RM code and Polar code is achieved for UCI. 

2.1 What should be the values of nFAR?

	Company
	Comments

	Ericsson
	nFAR = 5, 8, 16

	Huawei, HiSilicon
	[bookmark: OLE_LINK10]nFAR = 0 and 8

	Tsofun
	nFAR = FFS and 8

	Nokia
	nFAR = 0, 5, 8, 13

	Samsung
	nFAR = 5, 9 and FFS

	Qcom
	nFAR = 8 and 5, 16 (FFS the need for 5, 16)

	DOCOMO
	nFAR = 0, 5,and 8

	InterDigital
	nFAR = 0, 8, 16

	MediaTek
	nFAR = 0, 9, and FFS 13

	ZTE
	nFAR = 0 and 8

	LG
	nFAR = 0 and 8

	CATT
	nFAR = 0 and 8

	Intel
	nFAR = 5 and 8 (FFS 13)



2.2 What should be the range of Info Block Size K for each nFAR?
	Company
	Comments

	Ericsson
	[bookmark: OLE_LINK4]For Polar codes:
· 12 <= K + nFAR <= 22: 
· For 12<=K<=17, nFAR = 5
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]This gives: 17<= K + nFAR <= 22
· There are 3 extra PC bits in this region to further assist the decoder with error correction and/or error detection
· 22 <= K + nFAR <= 256: 
· For 18<= K <=248, nFAR = 8
· This gives: 26 <= K + nFAR <= 256
· K + nFAR > 256: 
· For K>248, nFAR = 16
· This gives: K + nFAR > 264
For RM codes:
· 3 <= K + nFAR <= 11, nFAR = 0

	Huawei, HiSilicon
	For encoding of UCI, the following is applied:
· For 1 <= K <= 11, nFAR = 0, LTE RM code is used.
· For 12 <= K <= 22, nFAR = 0, Polar code is used. Note that there are 3 CRC bits and 3 PC bits available to provide error correction/detection.
· For K > 22, nFAR = 8, Polar code is used. 
Typically the network knows when the UE transmits UCI. Since the target BLER for UCI is typically low (1e-2 or 1e-3), false alarm of intended UCI transmission is already sufficiently low.
Unnecessary nFAR degrades the BLER performance, especially for small payload sizes. 

	Tsofun
	For Polar codes:
· [bookmark: OLE_LINK9]K >= KTHRESH: 
· nFAR = 8
· This results in nFAR + 3 = 11 CRC bits, which provide satisfactory error detection performance for any information length below ~2000; therefore, there is no need for a larger nFAR for the higher information length values.
· 12 <= K < KTHRESH: 
· [bookmark: OLE_LINK8]The values of nFAR and KTHRESH should be determined from the FAR requirement.

	Nokia
	nFAR should be more related to the content of the UCI than just the size of the payload. Therefore, it should be rather depended on the UCI format. Following method seems to be a reasonable to get good nFAR while having less overhead. 
K <= 22: 
nFAR = 0  % If the CBG level feedback is not included in UCI
nFAR = 5  % If the CBG level feedback included in UCI
22 < K <= 100: 
nFAR = 8  
K > 100: 
nFAR = 13  % Having 13 is enough as it will provide 16 CRC attachment.

	Samsung
	For Polar codes:
· For 12<=K<=17, nFAR = 5
· Taking into account CRC overhead and FAR performance
· For 18<= K <=502, nFAR = 9
· Better FAR than LTE and  known 12-CRC polynomial is preferred
· For K > 502, nFAR = FFS
· FFS taking into account polar segmentation details

	Qualcomm
	nFAR should never be 0 for polar codes.
For UCI on PUSCH, similar to LTE, 8-bit equivalent nFAR is needed.
         For K >= 12, nFAR = 8 for UCI on PUSCH, 11-bit CRC is used
         FFS nFAR = 16 for K>K_thrld
For UCI on PUCCH, at least similar to RM error detection capability is needed, which is around 5 bits.
         For K>=12, nFAR = 5 for UCI on PUCCH, 8-bit CRC is used (FFS if nFAR = 8 is sufficient in this case. FFS: LTE 8-bit CRC may be reused)
         FFS nFAR = 16 for K>K_thrld


	DOCOMO
	Generally, the FAR requirement should be similar to LTE
· 3 <= K <= 11
· nFAR = 0
· 11 < K <= 22
· nFAR = 0 or 5 or 8, by considering UCI contents and channel types
· the FAR requirement should be similar to LTE, e.g. nFAR = 8 for CSI feedback in PUSCH
· K > 22
· nFAR = 8

	InterDigital
	For K<=11, LTE RM code
For 12<=K<=22, nFAR= 0
For 23<=K<=248, nFAR = 8
For K>= 249, nFAR = 16

	MediaTek
	For small UCI, CRC overhead should be minimized. NR can apply the inherent parities in RM and Polar codes for the integrity check as LTE. For larger UCI, CRC can be added since the overhead is less concerned. For such settings, we prefer that nFAR + 3 bits can be a multiple of 8 or 4 which can ease the access control for the implementation. Therefore, the following configurations are suggested:
· For 1 <= K <= 11, nFAR = 0, and LTE RM structure can be exploited for integrity as LTE
· For 12 <= K <= 22, nFAR = 0, and the 3 CRC bits and 3 PC bits can be utilized for integrity check
· For 22 < K <= 244, nFAR = 9, and a total of 12-bit CRC will be applied
· For K > 244, nFAR = 13, and a total of 16-bit CRC will be applied
Note, for nFAR = 13, its necessity and the threshold on K can be FFS.

	ZTE
	For UCI, when 1 <= k <= 11, no CRC attached and Repetition code for k=1; Simplex code for k=2 and RM codes for 3 <= K <= 11.
For Polar codes:
· For 12<=K<=22, nFAR = 0
· Dual RM was used in LTE to carry HARQ feedback in CA case where no CRC attached. Considering there are 3 CRC bits and 3 PC bits available to provide error correction/detection, nFAR = 0 to minimize the overhead. 
· For 22< K, nFAR = 8

	LG
	For 12<=K<=22, nFAR=0 assuming the same FAR requirement as LTE can be satisfied with PC bits. Otherwise, nFAR=8 as in LTE.
For K>22, nFAR=8. 
Larger nFAR can be considered if 8-bit nFAR is not enough for satisfying the FAR requirement depending on the number of UCI bits and UCI transmission schemes.

	CATT
	For  K <= 22, nFAR=0
For K>22, nFAR=8

	Intel
	For Polar codes,
· nFAR = 5 for 12<=K<=17 
· nFAR =8 for K>=18
A larger CRC can be considered if nFAR=8 is considered inadequate.




3 Further Considerations
[2] tabulates companies’ views in Section 2 in the following table. 
	Company
	Comments
	K+nFAR<=11
	12<=K+nFAR <=22
	K+nFAR >22

	Ericsson
	nFAR = 5, 8, 16
	nFAR = 0 (No CRC)
	nFAR = 5

	nFAR = 8
nFAR = 16 (some cases)

	Huawei, HiSilicon
	nFAR = 0 and 8
	nFAR = 0 (No CRC)
	nFAR = 0
	nFAR = 8

	Tsofun
	nFAR = FFS and 8
	nFAR = 0 (No CRC)
	nFAR = FFS or 8
	nFAR = 8

	Nokia
	nFAR = 0, 5, 8, 13
	nFAR = 0 (No CRC) 
and nFAR = 5 (for some cases)

	nFAR = 0 or 5
	nFAR = 8
and nFAR = 13 (for some cases)


	Samsung
	nFAR = 5, 9 and FFS
	nFAR = 0 (No CRC)
	nFAR = 5 or 9
	nFAR = 9
nFAR = FFS (other cases

	Qcom
	nFAR = 8 and 5, 16 (FFS the need for 5, 16)
	RM inherent error detection, No CRC

	nFAR = 8, 
or nFAR = 5 for some cases
	nFAR = 8, 
or nFAR = 5 for some cases

	DOCOMO
	nFAR = 0, 5,and 8
	nFAR = 0 (No CRC)
	nFAR = 0 or 5 or 8
	nFAR = 8

	InterDigital
	nFAR = 0, 8, 16
	nFAR = 0 (No CRC)
	nFAR = 0
	nFAR = 8
and nFAR = FFS (for some cases)

	MediaTek
	nFAR = 0, 9, and FFS 13
	nFAR = 0 (No CRC)
	nFAR = 0
	nFAR = 9, and nFAR = 13 (for some cases)

	ZTE
	nFAR = 0 and 8
	nFAR = 0 (No CRC)
	nFAR = 0
	nFAR = 8

	LG
	nFAR = 0 and 8
	nFAR = 0 (No CRC)
	nFAR = 0 or 8
	nFAR = 8

	CATT
	nFAR = 0 and 8
	nFAR = 0 (No CRC)
	nFAR = 0
	nFAR = 8

	Intel
	nFAR = 5 and 8 (FFS 13)
	Not commented
	nFAR = 5 or 8 for some cases
	nFAR = 8, and FFS nFAR = 13



It was pointed out that the following has broad support in RAN1 according to the submitted companies views.
For 1 <= K <=11,
· No CRC bits are attached.
For K > 22 - nFAR1, where nFAR1 is associated with 12 <=K <= 22 - nFAR1,
· At least nFAR,2=8 is adopted, with CRC polynomial length = 8+3=11.
· Companies are encouraged to propose length-11 CRC polynomial by Sept 08.

Debate is mostly focused on the 12<=K<=22- nFAR1 region. Concerns were raised that the overhead due to CRC bits has greater impact to Polar code performance of smaller K than to larger K. 

Further, some companies raised the following points for further study by RAN1:
         FFS whether same nFAR value is applied to UCI on PUCCH and PUSCH
         FFS whether the nFAR value should be dependent on the UCI contents and payload size
It is not clear if the above FFS should be discussed under the Scheduling/HARQ agenda item or the channel coding agenda item.

4 Conclusions on K and nFAR Values
No consensus was reached in the email discussion [90-29]. It is concluded that companies will continue the discussion in the next meeting (RAN1 NR Ad Hoc #3). In the meantime, the existing Working Assumption should be used:
· For UL, nFAR = 8 or 16 (at least for eMBB-related UCI; note that this applies for UL cases with CRC)


5 Summary of CRC Polynomials for UL Polar
[bookmark: _GoBack]Following the discussion of K and nFAR values for UL, the following CRC polynomials were submitted for UL Polar. A total of 9 companies submitted proposals of various CRC lengths.
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	10/10	
	[bookmark: _Hlk492731286]
CRC length
	3
	8
	11
	16

	CATT
	
	
	D11 + D10 + D9 + D8 + D7 + D5 + D4 + D3 + D2 + D1 + 1
	

	DOCOMO
	D3 +1
	D8 + D7 + D4 + D3 + D + 1
	D11 + D8 + D7 +D6 +D5 +D3 + D +1
	

	Ericsson
	
	D8 + D7 + D6 + D4 + D2 + D + 1
	D11 + D10 + D9 + D7 + D6 + D5 + D3 + D + 1
	

	Huawei, HiSilicon
	D3+ D2+ 1
	D8+ D6+D5+ D3+ 1
	D11+ D10+  D9+ D5+ 1
	D16+ D15+ D14+ D13+ D12+ D11+ D8+ D7+ D6+ D4+ 1

	NEC
	x^3+x+1
	x^8+x^7+x^3+x^2+1 (0x18d)
	x^11+x^10+x^9+x^7+x^5+x+1 (0xEA3)
	

	Nokia
	D3 +D2 + 1
	D8 + D7 + D4 + D3 + D + 1
	D11 + D8 + D7 +D6 +D5 +D3 + D +1
	D16 + D12 + D5 + 1

	InterDigital
	
	
	D11+D10+D6+D4+D2+D+1
	

	Qualcomm
	
	CRC2: x^8 + x^7 + x^4 + x^3 + x^1 + 1 (hex: 0xCD Koopman)
	CRC0: x^11 +x^9 +x^8 +x^7 +x^6 +x^4 +x^3 +x^2 +x +1 (hex: 0x5EF Koopman)
CRC1: x^11 +x^2 +1 (hex: 0x402 Koopman)
	

	Samsung
	
	
	D11 + D10 + D7 + D5 + D2 + D1 + 1
	



Huawei, HiSilicon has additionally proposed the following polynomials:
	CRC length
	4
	5
	6

	Huawei, HiSilicon
	D4+ D3+ 1
	D5+ D3+ 1

	D6+ D5+ 1
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