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In Rel-15, during RAN1 #92 meeting [1], it was concluded that the ambiguity between aggregation levels 8 and 16 PDCCH candidates only happens in the case with non-interleaved CORESET spanning one OFDM symbol. 
Conclusion:
· There is ambiguity between AL8 and AL16 PDCCH candidates, and it happens only when non-interleaved CORESET which is 1 symbol long and AL8 and AL16 PDCCH candidates have the same starting CCE.
· To address the above ambiguity:
· When non-interleaved CORESET which is 1 symbol long and AL8 and AL16 PDCCH candidates have the same starting CCE, when the UE successfully decodes a PDCCH with AL8 or AL16 satisfying the ambiguity condition, the UE performs rate-matching for PDSCH by assuming AL 16.
· Note: the actual spec text wording can be refined

However, the conclusion from RAN1#92 is not complete. The ambiguity between AL8 and AL16 can occur in more situations than previously identified [2]. In all these cases, the gNB and the UE would have a different understanding about the rate-matching pattern. This could lead to a decoding failure which would be fatal for URLLC.
In this contribution, we discuss the ambiguity problem for URLLC and present our solution.
[bookmark: _Ref129681832]Discussion
Blind Detection Ambiguity between DCI AL8 and AL16
Due to the code structure of Polar code for PDCCH, the code word of PDCCH at AL8 is nested to that of AL16. When AL8 and AL16 PDCCH candidates have the same starting CCE, there will be a blind detection ambiguity. The probability of this ambiguity issue is related to the number of shared CCEs between the AL8 and AL16 PDCCH candidates.
Assuming PDCCH candidates with AL 8 and 16 start from the first CCE, the number of shared CCEs are shown in Table 1, considering different CORESET durations, interleaved/non-interleaved CCE-to-REG mapping and REG bundle sizes in interleaved CCE-to-REG mapping. Since the bundle size of the interleaver can be 1/3 CCE (2 REGs) or 1/2 CCE (3 REGs), some numbers of shared CCEs in Table 1 are not integer. For example, 8/3 CCEs means 16 shared REGs into which the same encoded bits are mapped. 
Table 1 Number of shared CCEs for different CORESET configurations
	
	Number of shared CCEs

	CORESET duration
(symbol)
	Non-interleaved
	Interleaved

	
	
	REG bundle size
	Rows of interleaver

	
	
	
	2
	3
	6

	1
	8
	2
	4
	8/3
	4/3

	
	
	6
	
	3
	2

	2
	4
	2
	2
	4/3
	2/3

	
	
	6
	
	3/2
	1

	3
	8/3
	3
	4/3
	1
	1/2

	
	
	6
	
	3/2
	1



Observation 1: Ambiguity between PDCCH candidates with AL 8 and AL 16 happens in all cases when the candidates share CCEs and start from the same CCE.
In the following, we provide simulation results to show the performance loss when such ambiguity happens with different numbers of shared CCEs. For URLLC, we assume the DCI size is 40bits. In Rel-15, it has been agreed to evaluate URLLC requirements according to the SNR corresponding to the 5th percentile of the UE distribution (with UMA model), which is -4dB. 
As shown in Table2 and Table3 below, when there are 4 shared CCEs between PDCCH with AL8 and AL 16,
· When the network transmits PDCCH with AL 8 but the UE blind decodes the PDCCH with AL16
· There is a significant risk for confusion, i. e. that a PDCCH with AL16 is detected, between 25.06%@0dB SNR and 0.08% @-6dB
· When the network transmits PDCCH with AL16 but the UE  blind decodes the PDCCH with AL8
· There is a significant risk for confusion, i. e. that a PDCCH with AL8 is detected, between almost 100%@0dB SNR and 30% @-6dB
The PDCCH detection probability with AL confusion decreases when number of shared CCEs reduces. Nevertheless, the AL confusion happens when there are only 2 shared CCEs.
Table 2 Simulation results for aggregation level confusion (AL8 at gNB / AL 16 at UE)
	SNR
	PDCCH detection probability with AL confusion
(DCI payload 40 bits)

	
	4 shared CCEs
	3 shared CCEs
	8/3 shared CCEs
	2 shared CCEs

	-6dB
	0.0008
	0
	0
	0

	-5dB
	0.0034
	0
	0
	0

	-4dB
	0.0117
	0
	0
	0

	-3dB
	0.0332
	0.0001
	0
	0

	-2dB
	0.0777
	0.0003
	0.0001
	0

	0dB
	0.2506
	0.0017
	0.0002
	0



Table 3 Simulation results for aggregation level confusion (AL16 at gNB / AL 8 at UE)
	SNR
	PDCCH detection probability with AL confusion
(DCI payload 40 bits)

	
	4 shared CCEs
	3 shared CCEs
	8/3 shared CCEs
	2 shared CCEs

	-6dB
	0.2988
	0.0022
	0.0002
	0

	-5dB
	0.5698
	0.0089
	0.0008
	0

	-4dB
	0.8111
	0.0294
	0.0030
	0

	-3dB
	0.9430
	0.0782
	0.0094
	0

	-2dB
	0.9878
	0.1679
	0.0249
	0.0001

	0dB
	0.9997
	0.4441
	0.1025
	0.0004



The simulations are based on the ideal case where the SNR is known perfectly at the gNB side. More analyses about the realistic scenarios can be found in [2], they point into the same direction.
Observation 2: In case of ambiguity between AL8 and AL16 there is a significant risk that the wrong aggregation level is detected at the UE side. This risk is lower when fewer CCEs are shared but still high than the BLER requirements
Ambiguity issue for URLLC
In NR, CORESET resources that are not occupied by PDCCH transmissions can be used for the PDSCH. This is especially desirable for URLLC. 
· The URLLC traffic is sporadic and usually occupies a wider bandwidth. Therefore, probably one UE is scheduled during the same occasion, which means only one PDCCH candidate is used in the corresponding CORESET. 
· Non-slot based scheduling is probably used in URLLC to achieve the low latency requirement. PDCCH has to be monitored frequently. For example, the PDCCH monitoring occasion may occur 4 or 7 times per slot. The resources on non-occupied symbols may not be enough for PDSCH transmission.
· Latency is crucial for URLLC UE, it is beneficial to start the PDSCH in the same symbol as the PDCCH.
· To increase the reliability of the data transmission, the frequency resources configured for the CORESET but not used by the corresponding PDCCH can instead carry PDSCH information. This gives more resources for the PDSCH which then translates into a higher reliability. 
Based on above reasons, the URLLC PDSCH should occupy the resources configured for its CORESET but rate match around its own PDCCH. This is illustrated in the Figure 1 below, where a 2OS CORESET is assumed. On the right-hand side, the PDSCH is starting after the CORESET, this causes a transmission delay. On the left-hand side, the unoccupied resources in the CORESET are re-used for the PDSCH which reduces the latency.
[image: ]
Figure 1 PDCCH/PDSCH resource sharing and rate matching
For the URLLC PDCCH, a higher aggregation level is most likely used in order to ensure a higher reliability even in good channel conditions. The probability of using AL8 or AL16 will increase. Therefore the blind detection ambiguity problem will happen frequently in URLLC. 
For example, when the gNB is using AL 16 for the transmission of a PDCCH candidate, the UE may wrongly detect it as AL8. The UE will then do rate matching around the wrong resources and would possibly not be able to decode the PDSCH. The wrong rate matching pattern will not only decrease the performance of the current PDSCH transmission, but also of the retransmission due to wrong soft values in the LLR buffer.
[image: ]
For URLLC, the reliability requirement is 99.999% for the PDSCH reception. The numbers presented in table 2 show that it is a far too high risk to enable dynamic resource sharing between PDSCH/PDCCH. In order to meet the reliability requirements for PDSCH, a proper handling of the rate-matching is essential for R16 URLLC UEs.
Observation 3: The impact of the ambiguity issue between AL8 and AL16 is more severe in URLLC than for eMBB. A proper handling of the rate-matching is essential for R16 URLLC UEs.
Solution for URLLC
In Rel-15 version of 38.214, the ambiguity problem is solved by always assuming the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH if a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index. But the solution is only used in the configuration of a non-interleaved CORESET with 1 symbol duration. And in [3], it is proposed to simply extend the existing solution to all configurations to solve the ambiguity.
As discussed in 2.2, mini-slot based PDCCH monitoring occasions are preferred in URLLC to ensure a low latency. Then the unused resources in CORESETs should be re-used by PDSCH whenever possible to achieve the high spectrum efficiency. On the other hand, larger ALs are most likely to be used in URLLC to ensure PDCCH detection reliability, which means that AL8 and AL16 may be used in most cases. The Rel-15 solution would not result in a good resource utilization.
An AL16 indicator can be included in the DCI to resolve this ambiguity. Note that this ambiguity only occurs between AL8 and AL16. The AL identifier only needs to be included when AL8 and AL16 candidates are configured on overlapping CCEs.
Proposal 1: An AL16 indicator can be included in the DCI to resolve the ambiguity between PDCCH Al8 and AL16 for Rel-16 URLLC UE.
Conclusion
In this contribution, blind detection ambiguity between DCI AL8 and AL16 is discussed. This problem is more severe for URLLC. 
Observation 1: Ambiguity between PDCCH candidates with AL 8 and AL 16 happens in all cases when the candidates share CCEs and start from the same CCE.
[bookmark: _GoBack]Observation 2: In case of ambiguity between AL8 and AL16 there is a significant risk that the wrong aggregation level is detected at the UE side. This risk is lower when fewer CCEs are shared but still high than the BLER requirements.
Observation 3: The impact of the ambiguity issue between AL8 and AL16 is more severe in URLLC than for eMBB. A proper handling of the rate-matching is essential for R16 URLLC UEs.
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