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1. Introduction
In this contribution, we discuss search space design for June drop URLLC.

2. Limits of PDCCH BDs/CCEs for URLLC
Limits of PDCCH BDs/CCEs are specified as following [1]:
	

Table 10.1-2: Maximum number of monitored PDCCH candidates per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20





Table 10.1-3: Maximum number of non-overlapped CCEs per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32






For URLLC, due to stringent requirements for latency and reliability, PDCCH monitoring should be more frequent.
For example, for SCS = 15kHz, PDCCH monitoring should be, e.g., per 2-symbol. From the above tables, for this case, each PDCCH monitoring occasion can have up to 6 PDCCH candidates and 8 non-overlapped CCEs. Assuming the UE should be able to receive DL assignment and UL grant at one time of PDCCH monitoring occasion, each PDCCH (i.e., DL assignment or UL grant) can have up to 4 CCEs. This means that for this particular case, the PDCCH aggregation level cannot be higher than AL = 4.
For SCS = 30kHz, if PDCCH monitoring is per 2-symbol, each PDCCH monitoring occasion can have up to 5 PDCCH candidates and up to 4 CCEs. If PDCCH monitoring is per 4-symbol, each PDCCH monitoring occasion can have up to 9 PDCCH candidates and up to 7 CCEs. This means that for this particular case, the PDCCH aggregation level cannot be higher than AL = 4.
Overall, it is observed that due to the limit of CCEs for channel estimation, each PDCCH cannot have higher aggregation level e.g., AL8 or AL16. The question is whether the PDCCH with AL of up to 4 can meet the URLLC requirement.
Following figure 1 shows average BLER performance of PDCCH with different ALs. DCI size of 40 bits is assumed. For Case 1, carrier frequency of 700MHz and 2 Tx + 2 Rx are assumed. For case 2, carrier frequency of 4GHz and 2 Tx + 4 Rx are assumed. As can be seen in the figure, PDCCH with AL = 4 cannot achieve BLER 10-5 with SNR less than 2dB for case 1 and -2dB for case 2, respectively. Higher AL can improve the performance, but as discussed above, higher AL is not available due to the limit of number of CCEs for channel estimation. Alternatively, power boosting is also able to improve the BLER performance. However, power boosting is not always available. Besides, x dB power boosting improves performance purely by x dB; unlike higher AL, frequency-diversity gain or coding gain is not achievable.

[image: ]	[image: ]
(a) Case 1						(b) Case 2
Fig. 1	PDCCH BLER performances as a function of average received SNR per receive antenna.

Therefore, we consider that at least two PDCCH candidates with AL8 should be available at each PDCCH monitoring occasion. With AL8 in case 2, BLER=10-5 is achievable with operating SNR of around -5dB. In case 1, operating SNR is around -1dB, but 3dB power-boosting can realize 3dB performance improvement. Hence, we think at least AL = 8 should be available for PDCCH for URLLC operation. Assuming minimum two PDCCH candidates with AL = 8 are monitored, number of non-overlapped CCEs for URLLC should be extended to 112, where 112 comes from (2 candidates) x (AL of 8) x (7 monitoring occasions).

Proposal 1:
· For June drop URLLC, maximum number of non-overlapped CCEs per slot for a single serving cell with SCS = 15kHz and 30kHz is extended to 112.

3. Conclusion
In this contribution, we discussed the limits of PDCCH BDs/CCEs for URLLC and proposed following:
Proposal 1:
· For June drop URLLC, maximum number of non-overlapped CCEs per slot for a single serving cell with SCS = 15kHz and 30kHz is extended to 112.
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