Page 1
3GPP TSG RAN WG1 Meeting AH 1801			R1-1801062 Vancouver, Canada, January 22nd – 26th, 2018

Agenda item:	7.4.2
[bookmark: _GoBack]Source: 	Qualcomm Incorporated
Title: 	Polar Coding
Document for:	Discussion/Decision
Introduction
In this contribution, we provide text proposals related to polar coding in 38.212 [1].
Code Selection for UCI Bit-Sequences
It was agreed in [3] that HARQ-ACK/SR and CSI bits are jointly encoded in in the case of simultaneous transmission with PUCCH Format 2:
Agreements:
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 2
· The HARQ-ACK/SR and CSI bits are jointly encoded.

In the case of long PUCCH with Format 3 or 4, HARQ-ACK/SR and CSI Part 1 are jointly encoded, but CSI Part 2 is separately encoded:
Agreements:
· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 or 4
· The HARQ-ACK/SR and CSI Part 1 bits are jointly encoded. CSI Part 2 bits are separately encoded.

In 38.212, it is specified that a UCI bit-sequence of length  bits can comprise multiple parts, where the length of part  is denoted . In Subclause 6.3.1.2 (and 6.3.2.2),  is used to denote the payload size when choosing the channel coding scheme. However, it is not clear what the payload is composed of:




The input bit sequence is denoted by , where  is the payload size. The procedure in 6.3.1.2.1 applies for  and the procedure in Subclause 6.3.1.2.2 applies for . 
To improve specification clarity, we propose the following modification to Subclause 6.3.1.2 (and 6.3.2.2):
Proposal 1: Update Subclause 6.3.1.2 to “The input bit sequence is denoted by  , where   is the payload size bit-sequence length  when only HARQ-ACK bits are transmitted or none of the CSI reports for transmission is of two parts, or  or  when at least one of the CSI reports for transmission is of two parts.” Subsequent uses of  should be replaced with  in Subclause 6.3.1.2.
Proposal 2: Update Subclause 6.3.2.2 to “The input bit sequence is denoted by  , where   is the payload size bit-sequence length  when only HARQ-ACK bits are transmitted, or  or  when CSI report parts are transmitted.” Subsequent uses of  should be replaced with  in Subclause 6.3.2.2
Number of Coded Bits in UCI Segments
In [2] and [3], it was agreed that a UCI payload is segmented into two segments when certain conditions are met:
Agreement [2]: 
· UCI segmentation into two segments with equal segment sizes (with a single zero-padding bit inserted at the beginning of the first segment if needed) is used for certain ranges of K (before segmentation) and R, e.g. K>= threshold (e.g. 352) and R<= threshold (e.g. 0.4)
· exact values FFS until RAN1#91

Agreement [3]:
Segmentation is applied when K >= 360 and M >= 1088 where
· K is UCI payload size without CRC
· M is the total number of coded bits for the UCI payload

The number of coded bits per segment is discussed in Subclause 6.3.1.4.1 in 38.212 [1]:




Rate matching is performed according to Subclause 5.4.1 by setting  and the rate matching output sequence length to , where  is the number of code blocks for UCI determined according to Subclause 5.2.1 and the value of  is given by Table 6.3.1.4.1-1
The segmentation specification does not guarantee an integer number of bits per segment. For example, when  BPSK modulation is used, the total number of allocated bits  is not guaranteed to be even. To resolve this issue and guarantee an integer number of bits per segment,  coded bits can be used as padding bits set to 0 and the remaining  are equally divided among the segments. The overhead of this method is low at . Given the RAN1 agreements, at most one padding is used when segmentation is applied, therefore the overhead is .
Observation 1: Using padding bits to ensure integer number of bits per segment has a low overhead  in NR.



Proposal 3: Update Subclause 6.3.1.4.1 to “Rate matching is performed according to Subclause 5.4.1 by setting  and the rate matching output sequence length to  , where  is the number of code blocks for UCI determined according to Subclause 5.2.1 and the value of  is given by Table 6.3.1.4.1-1.  zero-valued bits are appended after codeblock concatenation.
Control-Channel Coding Summary
The control-channel channel in NR contains different coding schemes and a number of coding-chain parameters are used in 38.212 to describe these schemes. However, those parameters are permanent constants that are not configurable. For example, per the RAN1 agreements, no bit interleaving is applied for downlink control. Similarly, no parity-check bits are added to uplink control messages when the payload size is greater than 19.
To provide a clear overview of all coding settings and to clarify their constant nature in the control channel, we propose that a summary table be added to Subclause 5.3 after Table 5.3-2.


Proposal 4: To provide a clear overview of channel coding in the control channel, the following coding summary table should be added to Subclause 5.3
	Payload Type
	UCI
	BCH
	DCI

	Payload Size (including CRC if applicable)
	K = 1
	K = 2
	2 < K <= 11
	11 < K <= 19
	19 < K
	All
	11 < K
(padding is used to reach K = 12)

	Coding and Sub-clause
	Repetition
5.3.3.1
	Simplex
5.3.3.2
	Block code
5.3.3.3
	Polar
5.3.1.2
	Polar
5.3.1.2
	Polar
5.3.1.2
	Polar
5.3.1.2

	nmax
	N/A
	N/A
	N/A
	10
	10
	9
	9

	CRC polynomial
	N/A
	N/A
	N/A
	gCRC6(D)
	gCRC11(D)
	gCRC24C(D)
	gCRC24C(D)

	Initial CRC remainder
	N/A
	N/A
	N/A
	0x00
	0x000
	0x000000
	0xFFFFFF

	Maximum number of segments
	N/A
	N/A
	N/A
	1
	2
	1
	1

	Payload interleaving ([image: ])
	N/A
	N/A
	N/A
	No (0)
	No (0)
	Yes (1)
	Yes (1)

	Total number of parity bits ([image: ])
	N/A
	N/A
	N/A
	3
	N/A
	N/A
	N/A

	Number of parity bits in minimum weight locations ([image: ])
	N/A
	N/A
	N/A
	0 or 1
	N/A
	N/A
	N/A

	Coded-bit interleaving ([image: ])
	N/A
	N/A
	N/A
	Yes (1)
	Yes (1)
	No (0)
	No (0)



DCI CRC Initialization Ambiguity
In our previous contribution [4], we noted that blind decoding a DCI CRC initialized with an all-zero state had significant false-alarm degradation when the two decoding hypotheses differ slightly in DCI payload size. The root of the issue is that a zero-initialized CRC cannot detect sequences of leading zeros. We showed that prefixing the payload with the RNTI padded with 8 ones for the purpose of CRC calculation resolved this issue. The final RAN1 agreement was to initialize the CRC shift--register to the all-ones state [3]:
Agreement:
For DCI, initialize CRC shift register with all-ones (i.e., 24 ones)
And the 38.212 spec defines the CRC operation for DCI as :


The parity bits are computed and attached according to Subclause 5.1 by setting  to 24 bits and using the generator polynomial  with CRC shift register initialized by all ones, …
As was identified in [5], [6], and [7], initializing the register to a non-zero state leads to different CRC results depending on the implementation architecture used. The two main calculation methods are called the direct and indirect and the indirect method in [6]. The direct method has the CRC value in the register after the A-bit message is loaded whereas the indirect method requires L zeros to be appended to the message to obtain the CRC value. This difference leads to the direct method having lower latency than the indirect one [6][7], making the direct method more widely used in implementation [7].
The WiFi 802.11 [9] and the CDMA2000 standards [10] both utilize CRCs initialized to all ones. The CDMA2000 standard includes the direct method as a reference architecture and specifies that register values are initialized to ones.The 802.11 standard provides the following method for calculating the 32-bit frame check sequence (FCS) CRC:
The FCS is the 1s complement of the sum (modulo 2) of the following:
1. The remainder of  divided (modulo 2) by G(x), where k is the number of bits in the calculation fields, and
2. The remainder after multiplication of the contents (treated as a polynomial) of the calculation fields by  and then division by G(x).
[omitted text]
As a typical implementation, at the transmitter, the initial remainder of the division is preset to all 1s and is
then modified by division of the calculation fields by the generator polynomial G(x).
 Since the direct method is more widely used in implementation and is also used as a reference in other standards with non-zero CRC initialization, we proposed that the initialization ambiguity be resolved by using the direct method as a reference for the all-one register initialization. The following text was adapted from [7] to adopt the 802.11 definition:
Proposal 5: Update Subclause 7.3.2. as follows
********************************** TEXT START ***********************************
[bookmark: _Toc500953355]7.3.2	CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 








The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by, and the parity bits by, where  is the payload size and  is the number of parity bits. A mask sequence  is computed as the remainder of polynomial  divided by the generator polynomial . The parity bits are computed and attached according to Subclause 5.1 by setting  to 24 bits and using the generator polynomial  with CRC shift register initialized by all ones, resulting in the sequence , where , and 
		for 
 for 
********************************** TEXT STOP ************************************


Conclusions
Observation 1: Using padding bits to ensure integer number of bits per segment has a low overhead  in NR.
Proposal 1: Update Subclause 6.3.1.2 to “The input bit sequence is denoted by  , where   is the payload size bit-sequence length  when only HARQ-ACK bits are transmitted or none of the CSI reports for transmission is of two parts, or  or  when at least one of the CSI reports for transmission is of two parts.” Subsequent uses of  should be replaced with  in Subclause 6.3.1.2.
Proposal 2: Update Subclause 6.3.2.2 to “The input bit sequence is denoted by  , where   is the payload size bit-sequence length  when only HARQ-ACK bits are transmitted, or  or  when CSI report parts are transmitted.” Subsequent uses of  should be replaced with  in Subclause 6.3.2.2



Proposal 3: Update Subclause 6.3.1.4.1 to “Rate matching is performed according to Subclause 5.4.1 by setting  and the rate matching output sequence length to  , where  is the number of code blocks for UCI determined according to Subclause 5.2.1 and the value of  is given by Table 6.3.1.4.1-1.  zero-valued bits are appended after codeblock concatenation.
Proposal 4: To provide a clear overview of channel coding in the control channel, the following coding summary table should be added to Subclause 5.3
	Payload Type
	UCI
	BCH
	DCI

	Payload Size (including CRC if applicable)
	K = 1
	K = 2
	2 < K <= 11
	11 < K <= 19
	19 < K
	All
	11 < K
(padding is used to reach K = 12)

	Coding and Sub-clause
	Repetition
5.3.3.1
	Simplex
5.3.3.2
	Block code
5.3.3.3
	Polar
5.3.1.2
	Polar
5.3.1.2
	Polar
5.3.1.2
	Polar
5.3.1.2

	nmax
	N/A
	N/A
	N/A
	10
	10
	9
	9

	CRC polynomial
	N/A
	N/A
	N/A
	gCRC6(D)
	gCRC11(D)
	gCRC24C(D)
	gCRC24C(D)

	Initial CRC remainder
	N/A
	N/A
	N/A
	0x00
	0x000
	0x000000
	0xFFFFFF

	Maximum number of segments
	N/A
	N/A
	N/A
	1
	2
	1
	1

	Payload interleaving ([image: ])
	N/A
	N/A
	N/A
	No (0)
	No (0)
	Yes (1)
	Yes (1)

	Total number of parity bits ([image: ])
	N/A
	N/A
	N/A
	3
	N/A
	N/A
	N/A

	Number of parity bits in minimum weight locations ([image: ])
	N/A
	N/A
	N/A
	0 or 1
	N/A
	N/A
	N/A

	Coded-bit interleaving ([image: ])
	N/A
	N/A
	N/A
	Yes (1)
	Yes (1)
	No (0)
	No (0)



Proposal 5: Update Subclause 7.3.2. as follows
********************************** TEXT START ***********************************
7.3.2	CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 








The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by, and the parity bits by, where  is the payload size and  is the number of parity bits. A mask sequence  is computed as the remainder of polynomial  divided by the generator polynomial . The parity bits are computed and attached according to Subclause 5.1 by setting  to 24 bits and using the generator polynomial  with CRC shift register initialized by all ones, resulting in the sequence , where , and 
		for 
 for 
********************************** TEXT STOP ************************************
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