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1 Introduction
In RAN1#91, the following agreement was reached:
Agreements:
· In Rel-15, on coding of any PDCCH (including GC-PDCCH)
· The coding has at least 12 bits before CRC
· If the payload size is 11 bits or less, zero-padding to 12 bits


However, the locations of the padded zeros are not specified, which can lead to performance difference in polar coding.  In this contribution, we discuss and propose specific placement of padded zeros when applicable.
2 Placement of Zeros in Least Reliable Positions
The polar information sequence specified in Table 5.3.1.2-1 of [1] is designed according to the relative reliabilities of different bit locations at the input of the polar encoder in such a way that the best  bit locations can be derived for any given payload of size .  It follows that the best locations for any zero-padding bits must be those that do not alter the locations of the payload bits as specified by the polar information sequence, which is only achievable when the zero-padding bits are placed in the least reliable positions among the payload bits and the zero-padding bits.  
Observation 1 [bookmark: _Hlk503554420]The best locations for zero-padding bits are those that do not alter the locations of the payload bits as specified by the polar information sequence, which implies that the zero-padding bits should be placed in the least reliable positions among the payload bits and the zero-padding bits.
Due to this reason, we propose to place the zero-padding bits (if available) in the least reliable positions when the DCI payload is to be padded to 12 bits as specified in the italic bold text below which is directly quoted from the current draft specification in [1].
7.3.1       DCI formats 


The fields defined in the DCI formats below are mapped to the information bits  to  as follows.


Each field is mapped in the order in which it appears in the description, including the zero-padding bit(s), if any, with the first field mapped to the lowest order information bit  and each successive field mapped to higher order information bits. The most significant bit of each field is mapped to the lowest order information bit for that field, e.g. the most significant bit of the first field is mapped to .
If the number of information bits in a DCI format is less than 12 bits, zeros shall be appended to the DCI format until the payload size equals 12.


However, direct specification of the exact locations of the zero-padding bits for all payload sizes from 1 to 11 can be clumsy, since it requires introducing a different interleaver for each possible number of zero padding bits.  This is because the desired placement need to account for two effects: (a) Polar information sequence; (b) the interleaver associated with distributed CRC.
In the following, we propose two simple ways of modifying the specification to attain the same effect.

Alternative 1
One possible change is to explicitly specify that all zero-padding bits will be removed before CRC encoding for DCI and that the actual size of payload does not include any zero-padding bits, as described by the highlighted text in the textbox below.  The zero-padding bits are applied only for the purpose of always using Polar codes together with CRC attachment for DCI regardless of DCI size, rather than involving short block codes (e.g., RM codes) without CRC attachment.  The zero-padding bits should not be allowed to degrade the code performance.
With the proposed change, the zero-padding bits have no impact on the CRC encoding and the subsequent polar encoding, and hence, the effective code rate and thus the performance of the code for any  with zero padding is identical with that without zero padding.  The added highlighted text essentially negates the effect of the bold text in the above textbox.  A drawback of this approach is that the unnecessary operation of zero-padding to 12 bits may stay in the specification forever and that any further development of the specification may need to repeatedly address such an unnecessary zero-padding.
It is noted that the zero padding bits should be removed before CRC encoding. Since the CRC shift register is initialized with all ones, the zero padding bits will no long have value ‘0’ after CRC encoding.

[bookmark: _Toc500953355]<Start of Text proposal for 38.212 V15.0.0>

7.3.2	CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 








After removing zero-padding bits (if applied), tThe 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, excluding the zero padding bits (if applied), and  is the number of parity bits. 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  

<End of Text proposal for 38.212 V15.0.0>


1. One way to handle the zero padding bits is to explicitly specify that all zero-padding bits shall be removed before CRC encoding for DCI, and that the actual size of payload does not include any zero-padding bits in Section 7.3.2 of 3GPP TS 38.212.

Alternative 2
Another possible change to the same effect is to directly eliminate from the specification the zero-padding to 12 bits when the payload size is less than 12 bits, as specified Section 7.3.1 quoted in the textbox below.  At first glance, this appears to violate the agreement in the introductory section.  However, it does not when it is viewed as a minimal specification needed to achieve the same effect as a particular arrangement of zero-padding bits that is optimal when zero-padding is applied.
<Start of Text proposal for 38.212 V15.0.0>

7.3.1       DCI formats 


The fields defined in the DCI formats below are mapped to the information bits  to  as follows.


Each field is mapped in the order in which it appears in the description, including the zero-padding bit(s), if any, with the first field mapped to the lowest order information bit  and each successive field mapped to higher order information bits. The most significant bit of each field is mapped to the lowest order information bit for that field, e.g. the most significant bit of the first field is mapped to .
If the number of information bits in a DCI format is less than 12 bits, zeros shall be appended to the DCI format until the payload size equals 12.

<End of Text proposal for 38.212 V15.0.0>


1. An equivalent way to handle the zero padding bits is to directly eliminate from the specification the zero-padding step as specified in Section 7.3.1 of 3GPP TS 38.212.

3 Simulations
Figure 1 and Figure 2 compare the difference in required SNR to achieve 1% and 0.1%, respectively, for code length , between zero padding at the lowest reliability positions and that at the earliest decoding positions, where  denotes the payload size without CRC, and the number of CRC bits is 24.  Figure 3 samples the BLER performance at several values of .
As shown in these figures, there is a substantial performance loss (as much as 0.8 dB) in padding zeros at the beginning of decoding order, especially with small payload size .   To avoid such loss, the padded zeros should be placed in the least reliable positions.

[image: ]
[bookmark: _Ref498694351][bookmark: _Ref498694047]Figure 1.	Difference in required SNR to achieve 1% BLER

[image: ]
[bookmark: _Ref504382099]Figure 2.	Difference in required SNR to achieve 0.1% BLER
[image: ]
[bookmark: _Ref504392470]Figure 3.	BLER performance for N = 108, K = 3, 6, 9

4 Conclusions
In this contribution we made the following observations:

Observation 1 The best locations for zero-padding bits are those that do not alter the locations of the payload bits as specified by the polar information sequence, which implies that the zero-padding bits should be placed in the least reliable positions among the payload bits and the zero-padding bits.

Based on the discussion in this contribution we propose the following:

1. [bookmark: _GoBack]One way to handle the zero padding bits is to explicitly specify that all zero-padding bits shall be removed before CRC encoding for DCI, and that the actual size of payload does not include any zero-padding bits in Section 7.3.2 of 3GPP TS 38.212.
1. An equivalent way to handle the zero padding bits is to directly eliminate from the specification of zero-padding step as specified in Section 7.3.1 of 3GPP TS 38.212.
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