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Introduction
Agreement: 
· RNTI is masked onto the last NRNTI CRC bits on the PDCCH, where NRNTI is the number of bits of the RNTI
· Working Assumption that NRNTI is 16 bits. 
Figure 1 illustrates RNTI masking of CRC. The UE-ID, i.e. the RNTI, directly flips the CRC bits. This scheme is an effective way to save computations by avoid multiple hypothesis decodings of the same payload size. After one decoding, the RNTI type can be detected by performing multiple CRC mask hypothesis checks instead of performing multiple blind polar decodings.


Figure 1. UE-specific CRC masking

Blind Detection for Different Payload Size
1. 
2. 
3. 
Similar to LTE PDCCH processing, UE is required to blind decode different DCIs and different aggregation levels (AL). It is common that the same UE is required to blind decode multiple payload-size hypotheses for the same set of CCEs under the same RNTI.
The polar codes used in NR have a nested structure with repect to the information bit allocation: the information bits in the smaller-DCI code block form a subset of those in the larger-DCI (or they overlap in a large portion of non-frozen bits). Therefore, if the values of the non-overlapping bits in the smaller/larger DCI  matches those of the frozen bits in the larger/smaller DCI, then those different payload sizes may lead to the exact same codeword when the frozen, which in turn would cause false CRC passes even when a different payload size is assumed.
The figure below illustrates such a case, where the only difference between the two DCI messages is the sequence in figure (a) has several bit-0s in the front of some common sequence-A. Because the additional 0 bits are at the beginning of the DCI payload, they have no impact on the CRC parity bits, when the CRC is initialized to the all-zero state. Furthermore, since the polar code is constructed in a nested manner and if the additional information indices used in figure (a) happens to be located at the first decoded locations. Then we will have exactly the same u-domain bit vectors for both (a) and (b), and cannot be distinguished with blind decoding. 


[bookmark: _Ref481764198][bookmark: _Ref481764180]Figure 2. Example: ambiguity between different payload sizes
[bookmark: _Hlk498589845]In this example, the mapping from the payload bits together with the CRC bits to the u-domain vector of polar code under the smaller payload, i.e., figure 2(b), is exactly the same with that under larger payload , i.e., Figure 2(a), besides the several extra bits. However, this ambiguity between payload sizes exists as long as the mappings from the payload bits to the u-domain locations are similar. For example, one could set several bits from the beginning of sequence A to all-zeros, then the 24 CRC parity bits are still the same; and even when these 0 bits may have different mappings, the false alarm probability would be high as long as the remaining non-zero part shares the same mappings. 
In Figures 4 and 5, it can be observed that in the worst case, the false alarm rate could be as large as 1%, several orders of magnitude higher than the target of . In the figures, it is observed that the FAR doe not always, but when a situation similar to that is described above occurs, FAR increases substantially.
Observation 1: Similar, polar-encoded DCI payloads of different sizes cannot be distinguished from each other when the additional bits are mostly zero, significantly increasing FAR.
Initializing CRC with non-zero state
One reason that leads to the ambiguitiy is the fact that the initial CRC state for PDCCH in NR is assumed to be all-zeros. So as shown in the example in Figure 2, the extra zeros at the beginning of a payload will not affect the final value of such a CRC. This problem can be solved by initializing the CRC to some non-zero state, so that different-sized payload will result in different CRC values.
This initialization can be achieved by prepending a non-zero sequence to the beginning of the payload as shown in Figure 3, or by directly initializing the CRC register.



Figure 3. Initialize CRC state using sequence “11111111” followed by RNTI.
The FAR with different payload sizes is shown in Figures 4 and 5. It can be observed that keeping the CRC initial as all-0 inccurs a large degradation in FAR, whereas setting it to a non-zero value restores the FAR to the target . The receiver is testing two hypotheses that have the same AL, but their payload sizes differ by either 2 bits (Figure 4) or 4 bits (Figure 4). The transmitted payload is the larger of the two.
Observation 2: A non-zero initial CRC state is sufficient to reliably distinguish between payloads of different sizes in PDCCH blind decoding.
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Figure 4. FAR when payload size at transmitter (Kt) is 2 bits different from the hypthesis tested at receiver (Kr).
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Figure 5. FAR when payload size at transmitter (Kt) is 4 bits different from the hypthesis tested at receiver (Kr).
In [2], it was proposed that RNTI-specific CRC initialization can help the UE dinstinguish between messages intended for different RNTIs as it increases the distance between the two code blocks. Initializing the CRC with and 8-bit all 1s sequence (MSB) followed by the 16-bit RNTI achieves both goals. The results in Figures 4 and 5 were obtain using this initialization method.
[bookmark: _GoBack]Proposal 1: Initialize the state of CRC-24 for DCI using 8 1-bits (MSB) followed by the 16-bit RNTI.

Conclusions
Observation 1: Similar, polar-encoded DCI payloads of different sizes cannot be distinguished from each other when the additional bits are mostly zero, significantly increasing FAR.
Observation 2: A non-zero initial CRC state is sufficient to reliably distinguish between payloads of different sizes in PDCCH blind decoding.
Proposal 1: Initialize the state of CRC-24 for DCI using 8 bit-1s followed by 16-bit RNTI.
Appendix
Figure 6 gives an example, where the two different information bits of the (432,54) code and the (432, 52) code, i.e., 247 and 367, are locates in the first five information bits. When transmitting a (432, 54) code with first five payload bits valued as zeros, it is also a valiad codeword of (432, 52) code, and the embedded CRC bits will also be the same if CRC is initialized with all-zero state. In this case, the receiver cannot tell this transmission is a (432, 54) or (432, 52) code via blind detection.



Figure 6. Information bits allocations for (432, 54) code and (432, 52) code.
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