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1	Introduction
The following agreement was made in RAN1#90bis meeting:
Agreements:
· For multiple DCI formats with the same DCI size of a same RNTI, an explicit identifier is included in the respective DCI format to distinguish them
· Note: the same DCI size may come from a few (but not a large number of) zero-padding bits at least in UE-specific search space

In this contribution, the details of the bit mapping the said DCI size identifier and padding bits are discussed.  
2.		 Discussion  
As in the agreement, the small size DCI may be padded to a larger DCI, which is useful to reduce the number of blind decoding. However, this may cause performance loss for small DCIs when the zero-padding is taken as part of the information bits. Hence, the number of padding bits should not be too large. As shown in Figure 1, the performance may degrade by approximately 0.7dB and 1.3dB for 8bit padding and 16bit padding cases respectively. The identifier is also the overhead, so 2 or 3bits identifier seems a reasonable value, corresponding to a maximum padding of 8 bits or even 16bits in case the 2bit granularity is used.
Observation 1: 2 or 3 bits DCI size identifier is a reasonable assumption for identifier size considering the overhead.
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Figure 1. BLER of different information block sizes

In Polar codes encoding, the subchannels with higher reliability are used to carry the information bits and the remained subchannels are assumed to handle the frozen bits. It was agreed in RAN1#90b, the frozen bits are set to be zeros. Hence, it is straightforward to take the zero-padding bits are frozen bits in Polar decoding to improve the performance. To support this, the DCI size identifier needs to be mapped to the subchannels in front of the padding bits. When the DCI size identifier is decoded, the UE may use it to decode the remained bits assuming the padding bits to be frozen bits.
Observation 2: Mapping the DCI size identifier in front of the padding bits may facilitate the decoding.
In the summary of DCI content discussion [2], two DCI sizes (K=42 and K=64) are proposed and two-bit identifier is assumed. It is also shown in [2], some other DCI formats, e.g. SFI, CA_BWP activation may have many padding bits. The padding bits may be used to verify decoding as discussed in [3]. If the two-bit identifier is mapped on the first two subchannels, and additionally 3 padding bits are used to verify the detection of the identifier, the probability of the correct decoding of the two-bit identifier out of all the correctly decoded blocks is shown in Figure 2. It is larger than 99% for higher SNR cases, e.g. when the BLER<0.5. It is also observed that the later the detection is performed, the higher accuracy is achievable.
Observation 3: The probability of correct detection of the DCI size identifier is >99% for a reasonable BLER. 
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Figure 2. Correct decoding rate. The padding bits are assumed to be mapped on the subchannels after the identifier.

Proposal 1: The DCI size identifier is mapped in the front of the subchannels.

Ideally, if the zero padding bits are mapped to the most unreliable subchannels, there could be no performance loss even if the smaller DCI is padded to larger DCI. However, there are some restrictions. The first one is that the identifier may have to be mapped to some of the unreliable subchannels, e.g., when the most unreliable subchannels are the first a few subchannels. This could be avoided by proper define the segmentation ranges. For example, as shown in Figure 3, the most eight unreliable subchannels, marked by yellow, for K=42 are not the first two subchannels.
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Figure 3. example of subchannel indices for K=34 (blue) and K=42 (yellow + blue)

As shown in Figure 4, the indices of the first three subchannels could be kept for a range of information block sizes. This means the relatively unreliable subchannels are not the first three subchannels for this range, so there is a good chance for the zero-padding bits to be placed on the most unreliability subchannels. It can also be observed that the range is similar for different coded block sizes. For some small ranges, it is possible to merge it to the adjacent ranges. The overall range would have fewer fractions for 2 bit identifier.
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Figure 4. Indices of first three subchannels for different block sizes

Three major ranges are further studied by simulation. It can be seen from Figure 5 that there is considerable gains if the padding bits can be taken as frozen bits, the light blue line in the middle shown in the figures. Furthermore, if the padding bits are mapped on the relatively most unreliable subchannels, significant gains can be achieved, i.e. the red lines. The middle set of the curves, i.e. 30bits padded to 45bits is the focus because 42bit DCI size is in this range. The additional padding bits can also be used for early termination as discussed in [3].
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Figure 5. BLER of different mapping schemes of the padding bits.

There are few options to support the PDCCH bit mapping:
· DCI content based solution
· Design the DCI format in such a way that DCI size identifier bits are distributed and well arranged in the DCI message to ensure the identifier bits are mapped to the front subchannels. Usually this can be realized by define the identifier at the first several bits. Detailed formatting depends on the payload size, but with same payload size, the identifier bits should be placed in the same position. For example, of a specific DCI format could be specified as below:

DCI format A:
Identifier bit 1
information element X (1bit)
Identifier bit 2
information element Y (m bits)
……

DCI format B:
Identifier bit 1
information element U (1bit)
Identifier bit 2
information element V (n bits)
……
	Identifier bit 1
	b0
	DCRC interleaver

	b0

	information element X
	b1
	
	b2

	Identifier bit 2
	b2
	
	b1subchannels


	information element Y
	b3
	
	b4

	
	b4
	
	b3

	
	…
	
	b3+m-1

	
	b3+m-1
	
	b3+m-2

	……
	…
	
	….



Figure 6: Example of mapping of the bits to Polar encoder. 

As shown in Figure 6, suppose a 2-bit identifier. If the first bit of the identifier is b0 and some other 1bit field on b1, and the second bit of the identifier is placed on b2, after DCRC interleaving, the identifier bits are mapped onto the first two subchannels.

· Channel coding based solution
The identifier bits are adjusted before channel coding, i.e. before adding CRC, so that they can be mapped on the first subchannels after DCRC interleaving. And furthermore, the zero-padding bits may be adjusted in a similar way to be mapped on e.g. the most unreliable subchannels compared to all the information bits. This method is relatively complex compared DCI content based solution but it is more flexible and the identifier and padding bits can be mapped to the desired subchannels and hence has better performance.

Proposal 2: Decide a solution and ensure the channel coding chain will not be impacted. 

3	Conclusion
In this contribution, we discussed the details of PDCCH bit mapping. With proper mapping the DCI size identifier and the padding bits, there are significant gains to be achieved. The possible solutions are also discussed in this contribution. Finally, the observations and proposals are summarized below:
Observation 1: 2 or 3 bits DCI size identifier is a reasonable assumption for identifier size considering the overhead.
Observation 2: Mapping the DCI size identifier in front of the padding bits may facilitate the decoding.
Observation 3: The probability of correct detection of the DCI size identifier is >99% for a reasonable BLER. 

Proposal 1: The DCI size identifier is mapped in the front of the subchannels.
Proposal 2: Decide a solution and ensure the channel coding chain will not be impacted. 
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