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The following agreements and observations were achieved in RAN1#90 and RAN1#90bis. 
Agreements:
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded
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. 

Observations:
· No loss of ET opportunities compared to the case of no masking is foreseen by masking the RNTI onto the last NRNTI CRC bits, provided that NRNTI <= 17. 
· No significant loss of ET opportunities compared to the case of no masking is foreseen by masking the RNTI onto the last NRNTI CRC bits, provided that NRNTI <= 21. 
· Masking RNTI on the distributed CRC bits:
· if the UE is configured to monitor only 1 RNTI:
· may increase the ET possibilities in the case of a valid codeword for another RNTI being received
· if the UE is configured to monitor >1 RNTI:
· reduces possibilities for ET 
· may require decoder to maintain two decoding trees in some implementations. 
In this contribution we discuss aspects of DCI blind detection.
Blind Detection Ambiguity for DCI AL8 and AL16
PDSCH can be rate-matched around PDCCH. Although PDSCH is allocated different amount of resources at the different PDCCH aggregation levels, the total amount of resources for PDCCH and PDSCH combined may remain the same from one aggregation level to another as illustrated in Figure 1. Without knowing the aggregation level, a UE has to detect the partition between PDSCH and PDCCH through a blind detection. 
The codeword of PDCCH at the lower aggregation level, e.g. AL=8, may be nested to that of the higher aggregation level, e.g. AL=16. This is because the rate-matching is repetition-based. For example, the original mother code length for both AL=8 (code length=864) and AL=16 (code length=1728) is 512.


[bookmark: _Ref505786935]Figure 1 PDSCH rate-matched around PDCCH 
Since the aggregation level is unknown to the UE, a false-alarm may happen between AL=8 and AL=16 [3]. In the example of Figure 2 where PDCCH is transmitted with aggregation level AL=16, if a UE decodes this PDCCH with a hypothesis of AL=8, it will succeed in decoding the DCI of PDCCH and passing CRC check when the channel conditions are good enough. However, the resource partition for the PDSCH is incorrect even under excellent channel conditions. 


[bookmark: _Ref505787908]Figure 2 Blind decoding with misaligned aggregation level
Figure 3 shows the BLER on PDCCH and FAR on PDSCH performances when PDCCH is transmitted with aggregation level AL=16. It is observed that there is roughly 3 dB decoding gap between AL=8 and AL=16 on PDCCH in AWGN channel. This means that a PDCCH decoder with hypothesis AL=8 is able to decode a PDCCH transmitted with AL=16 if SNR is high enough. Meanwhile, with an increase in SNR, a PDCCH decoder with hypothesis AL=8 can successfully decode resulting into a wrong partition of PDSCH, which in turn increases the FAR on PDSCH. In the simulation setting, UE always decodes with hypothesis AL=8 first, and stops blind decoding if CRC passes. Therefore, the FAR is roughly equal to 1 - BLER(AL=8).
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[bookmark: _Ref505847825]Figure 3 BLER and FAR performance (transmitted PDCCH with AL=16)
Observation: When PDSCH is rate matched around PDCCH, an ambiguity in blind decoding PDCCH with aggregation levels 8 and 16 may occur, which would cause PDSCH decoding error.
Due to this ambiguity in blind decoding PDCCH, the aggregation level information has to be available to the UE, at least the information whether the aggregation level is higher than 8 or not. 
It was concluded in RAN1#90bis that up to 21 bits can be masked onto the last CRC bits without significant loss of ET opportunities. The RNTI is masked onto the last NRNTI=16 CRC bits. There are 5 additional bits that can be used to mask other information as long as the bits are masked on the last CRC bits. Some of the additional bits can be used to carry the aggregation level information. Since AL=1,2,4,8 can be distinguished based on the PDCCH rate matching mode and code parameters, e.g., mother code length and/or information positions, it is needed to convey the information if AL is AL={1,2,4,8} or AL=16. Therefore, we have the following proposal to distinguish AL=16 from the other aggregation levels. 
Proposal: Assume the parity bits are pk with k=0, 1,…,23, and the AL bits are mi with i=0, 1,2,3. The AL bits are masked on the CRC bits to form the sequence ck with k=0, 1,…,23, The relation between ck and mi is ck = mi for k=4,5,6,7 and i=0,1,2,3. 
The values of the mi bits are set to zero to indicate aggregation level AL={1,2,4,8} and set to one to indicate aggregation level AL=16. 
	Aggregation Level
	m0, m1, m2, m3,

	1/2/4/8
	<0,0,0,0>

	16
	<1,1,1,1>


Masking AL information on CRC bits
As in the observations in RAN1#90bis, up to 21 bits can be masked onto the last CRC bits without significant loss of ET opportunities. The RNTI is masked onto the last NRNTI=16 CRC bits (pk with k=17,…,23), and according to Proposal 1 the AL information is masked onto the bits pk with k=13,14,15,16. 

Consider the case that the payload size is 140 and the interleaving (Subclause 5.3.1.1, TS38.212) size is . The AL bits are masked onto the positions 144,145,146,147. After the interleaving operation is applied, such bits are still assigned to positions towards the end, i.e., 141,143,145,147. This ensures that such masking will not compromise the ET opportunities compared to the case of no masking.   
Table 1 Interleaving pattern (Table 5.3.1.1-1 in TS38.212)
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Conclusion
For DCI blind detection, we observe that
Observation: When PDSCH is rate matched around PDCCH, an ambiguity in blind decoding PDCCH with aggregation levels 8 and 16 may occur, which would cause PDSCH decoding error.
To address the ambiguity of blind decoding, we have the following proposal:
Proposal: Assume the parity bits are pk with k=0, 1,…,23, and the AL bits are mi with i=0, 1,2,3. The AL bits are masked on the CRC bits to form the sequence ck with k=0, 1,…,23, The relation between ck and mi is ck = mi for k=4,5,6,7 and i=0,1,2,3. 
The values of the mi bits are set to zero to indicate aggregation level AL={1,2,4,8} and set to one to indicate aggregation level AL=16. 
	Aggregation Level
	m0, m1, m2, m3,

	1/2/4/8
	<0,0,0,0>

	16
	<1,1,1,1>
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