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[bookmark: OLE_LINK192][bookmark: OLE_LINK193]In the previous meetings, some agreements on search space were achieved and the corresponding specifications are approved by RAN #78 plenary meeting and updated after the past AH meeting.
The contribution firstly discusses some remaining issues on search space, including solutions for reducing channel estimation complexity, false detection of overlapped PDCCH candidates and the maximum number of blind decodes.   
Discussion 
The number of CCEs for channel estimation capability UE needs to support 
In the past AH meeting, the working assumption “at least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell” was achieved. In order to reduce the UE complexity, it can be considered to confirm the working assumption.
Proposal 1: Confirm the following working assumption:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell
However, it can be expected that limiting the number of CCEs for channel estimation to 48 CCEs would bring much scheduling limitation. Therefore, some mechanisms to reduce the impact from scheduling limitation should be used also. For example, overbooking and/or nested search space as discussed in [1] should be supported also. As discussed in [1], nested search space structure can reduce the channel estimation complexity significantly, and with special design on the nested search space structure it can achieve similar PDCCH blocking probability as in LTE. 
Proposal 2: Modified hashing function by supporting nested search space structure should be supported with limiting the number of CCEs for channel estimation capability. 
Design of nested search space structure 
As discussed in section 2.1, nested search space structure can reduce the channel estimation complexity significantly, thus should be supported with limiting the number of CCEs for channel estimation capability. In order to reduce the blocking probability, special design on the nested search space is needed.       
A hash function for sparsely nested search spaces is proposed in [2], where the complexity for PDCCH channel estimation is compared with the current search space structure. As shown in the simulation results in [1], the structure of nested search spaces achieves similar blocking probability and much lower complexity of channel estimations compared with hash function in current version of TS38.213. Detailed design of the nested search space structure can be found in [1].  
Proposal 3: For nested search space structure,
· The PDCCH candidates with the highest aggregation level should be located non-contiguously.
· The PDCCH candidates with lower aggregation level should be located non-contiguously within the set of CCEs corresponding to the PDCCH candidates at the highest aggregation level. 
False detection of overlapped PDCCH candidates
False detection of PDCCH candidates may happen when different PDCCH candidates are overlapped. For example, if the first CCE indexes of AL 8 and AL 16 are the same within a search space set and the linked CORESETs is configured as non-interleaved CCE-REG mapping. UE will successfully detect the PDCCH in either AL 8 or AL 16, independently if the actually transmitted PDCCH is in AL 8 or AL 16. An example is shown in Fig. 1. Simulation results is given in [1].
[image: ]
Figure 1 Example of false detection in different PDCCHs candidates
[bookmark: _GoBack]The false detection of PDCCH candidate will cause the receiving failure of the PDSCH, when the PDSCH is rate matched around the resource of the actually transmitted PDCCH. Since the UE does not known the aggregation level of the actually transmitted PDCCH, the decoding of PDSCH will fail due to the error of the rate-matching. Implicit indication of the AL for the actually transmitted PDCCH should be supported in NR. One way to solve this ambiguity is given in [3], where 5th ~8th CRC bits starting from the most significant bit (MSB) is masked with AL indicator. Details are shown in [3].
Proposal 4: Implicit indication of the AL for the transmitted PDCCH candidates should be supported.
The maximum number of BDs
In RAN1#91 meetings, some agreements on PDCCH blindly decoding were made for case 1-1. However, the maximum number of BDs for other cases is still not set. 
As discussed in [2], although both aggregation levels and the number of PDCCH candidates per aggregation level are configurable, UE PDCCH blind decoding (BD) capability still should be defined for a UE monitoring PDCCH(s). This can be considered as a benchmark for the gNB when configuring aggregation levels and/or the number of PDCCH candidates for each aggregation level. As discussed in [2], for non-slot based scheduling, in order to have a unified design for both slot based and non-slot based scheduling, the maximum number of PDCCH BDs per slot for slot based scheduling and non-slot based scheduling should be identical, e.g., 44 (15kHz), which could guarantee that the UE capability not to be increased when non-slot based scheduling is supported. If UE is configured with both slot based scheduling and non-slot based scheduling at the same time, the maximum number of PDCCH BDs should be the same too. Therefore, the same number of case 1-1 should be reused for the maximum number of PDCCH BDs of case 2 as shown in Table 1.  
Table 1 Number of blind decodings within a slot for different subcarrier spacing and different PDCCH monitoring periodicity 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44]
	[36]
	[22]
	[20]



Proposal 5: Confirm 44 as the maximum number of PDCCH BDs for case 1-2 15kHz SCS.
Proposal 6: Take the same number of case 1-1 for the maximum number of PDCCH BDs of case 2, i.e. X=0 and Y=0.

Conclusion
The contribution provides our views on the remaining issues on search spaces. 
Proposal 1: Confirm the following working assumption:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell
Proposal 2: Modified hashing function by supporting nested search space structure should be supported with limiting the number of CCEs for channel estimation capability. 
Proposal 3: For nested search space structure,
· The PDCCH candidates with the highest aggregation level should be located non-contiguously.
· The PDCCH candidates with lower aggregation level should be located non-contiguously within the set of CCEs corresponding to the PDCCH candidates at the highest aggregation level. 
Proposal 4: Implicit indication of the AL for the transmitted PDCCH candidates should be supported.
Proposal 5: Confirm 44 as the maximum number of PDCCH BDs for case 1-2 15kHz SCS.
Proposal 6: Take the same number of case 1-1 for the maximum number of PDCCH BDs of case 2, i.e. X=0 and Y=0.
Table 1 Number of blind decodings within a slot for different subcarrier spacing and different PDCCH monitoring periodicity 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
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	[44]
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