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Introduction
This contribution shows our view on remaining issues on search space. We discuss following aspects.
- Restriction of channel estimation complexity
- How DCI format/search spaces are configured?
- Beam failure related configurations

Discussion
Restriction of channel estimation complexity 
In the last meeting, the following was concluded. 
	Conclusion:
· RAN1 common understanding is that the PDCCH channel estimation complexity is not negligible at least in some cases.
· FFS: Possible solutions to resolve the channel estimation complexity issue together with the impact on PDCCH blocking probability
· Opt.1: Define the limits of “the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates”
· Note: the overlapped CCEs associated with different CORESETs are counted separately.
· FFS: CCEs for the same precoder-granularity are counted as one channel estimation
· FFS: whether/how to handle the variation on the actual number of CCEs for PDCCH channel estimation and BDs over time
· Application of overbooking is considered
· Strive for not having specific UE capability to report the maximum number of CCEs for PDCCH channel estimation.
· Study the solutions considering the cases 1-1, 1-2, 2, and 2’.
· Opt.2: Modify the hashing function
· Opt.3: Increase the size of the precoder granularity



As we proposed in the last meeting [1], we support Opt.1. Further details for Opt.1 are discussed below.
Whether CCEs for the same precoder-granularity are counted as one channel estimation
Depending on how coherent combining is realized, the same precoder’s complexity is reduced or not is different. Therefore, counting per CCEs is simple and sufficient in our view.

Whether/how to handle the variation on the actual number of CCEs for PDCCH channel estimation and BDs over time
When the CCE are overlapped between different aggregation levels or different search space by chance, UE can avoid duplicated channel estimation but to save channel estimation is up to UE implementation choice. Therefore, the maximum number of CCEs should be counted from the case of non-overlapped. Therefore, we don't take into account overbooking factor.

UE capability to report the maximum number of CCEs
UE capability for channel estimation should be common with the capability for PDCCH BD (i.e. capability for case 1-1, 1-2, 2 and 2’) because the number of CCEs is calculated from the maximum number of PDCCH BDs (described below). Therefore, additional capability signalling is not required.

Maximum number of PDCCH BDs
In the last meeting, the maximum number of PDCCH BDs was agreed with FFS points as follows.
	Agreements:
· For information, the following cases are clarified:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
· The numbers in bracket in the following table can be further adjusted but not to be increased
· X<=16, Y<=8
· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2
	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+X]
	[36+Y]
	[22+Y]
	[20]






For case 2’, X and Y can be zero in case of mm-wave. For case 2, X and Y should be 16 and 8 respectively in case of sub 6GHz. Table 1 shows our view on the maximum number of PDCCH BDs. For 15 kHz, 16 candidates can be allocated to {2, 2, 2, 2, 0} or {0, 2, 2, 2, 2} for ALs {1, 2, 4, 8, 16}. For 30 and 60 kHz, 8 candidates can be allocated to {1, 1, 1, 1, 0} or {0, 1, 1, 1, 1} for ALs {1, 2, 4, 8, 16}.
[bookmark: _Ref489978877]Table 1 Maximum number of PDCCH BDs per slot
	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+16
	36+8
	22+8
	20

	Case 2’
	44
	36
	22
	20



Proposal 1: The maximum number of PDCCH BDs per slot should be clarified as the following table.
	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 (for sub 6GHz)
	44+16
	36+8
	22+8
	20

	Case 2’ (for above 6GHz)
	44
	36
	22
	20



Maximum number of CCEs for channel estimation
For calculating the number of CCEs for channel estimation, we assumed the number of PDCCH BDs per DCI size for each AL as Table 2. Note that this is just one possible configuration and it is not always required to be configured as such. The allocation of the PDCCH decoding candidates for each aggregation level is based on LTE PDCCH allocation but aggregation level is increased twice in order to support the case of 3dB more margin from LTE. In the table, the expression of "+2" or "+1" corresponds to X or Y value respectively for additional PDCCH decoding candidates in case 2. Based on Table 2, the maximum number of CCEs for channel estimation per slot is calculated as Table 3.
[bookmark: _Ref503434539]Table 2 Number of PDCCH BDs per DCI size for each AL for maximum number of CCE calculation
	No. of PDCCH BDs per DCI size for each AL
	AL

	
	1
	2
	4
	8
	16

	15 kHz (Case 1-1, 1-2, 2’)
	0
	6
	6
	6
	4

	15 kHz (Case 2)
	0
	6+2
	6+2
	6+2
	4+2

	30 kHz (Case 1-1, 2’)
	0
	5
	5
	5
	3

	30 kHz (Case 2)
	0
	5+1
	5+1
	5+1
	3+1

	60 kHz (Case 1-1, 2’)
	0
	3
	3
	3
	2

	60 kHz (Case 2)
	0
	3+1
	3+1
	3+1
	2+1

	120 kHz (Case 1-1, 2, 2’)
	0
	3
	3
	2
	2



[bookmark: _Ref503435174]Table 3 Maximum number of CCEs for channel estimation per slot
	Max no. of CCEs for channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	148
	118
	74
	66

	Case 1-2
	148
	
	
	-

	Case 2
	208(148+60)
	148(118+30)
	104(74+30)
	66

	Case 2’
	148
	118
	74
	66



Proposal 2: Restriction of PDCCH channel estimation complexity is realized as follows.
· Define the limits of “the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates” as the following table.
	Max no. of CCEs for channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	148
	118
	74
	66

	Case 1-2
	148
	
	
	-

	Case 2 (for sub 6GHz)
	208(148+60)
	148(118+30)
	104(74+30)
	66

	Case 2’ (for above 6GHz)
	148
	118
	74
	66


· The maximum number of CCEs is counted from the case of non-overlapped.

How DCI format/search spaces are configured?
In [2], we proposed to have very compact fallback DCI. Our view is DCI format, search spaces and CORESET are configured in the following manner respectively by PBCH, RMSI and UE specific RRC configuration.
- PBCH configures following:
- CORESET by PBCH for RMSI (SIB1) scheduling
- Type 0-PDCCH common search space for RMSI scheduling
- Very compact fallback DCI for RMSI scheduling
- RMSI configures following:
- RMSI/OSI scheduling (RMSI here is other than SIB1)
- CORESET by RMSI for RMSI/OSI scheduling
- Type 0A-PDCCH common search space
- Very compact fallback DCI and fallback DCI for RMSI/OSI scheduling
- Paging scheduling 
- CORESET by RMSI for RMSI/OSI scheduling
- Type 2-PDCCH common search space
- Very compact fallback DCI or fallback DCI for paging
- Random access related scheduling 
- CORESET by RMSI for random access related scheduling
- Type 1-PDCCH common search space for random access related scheduling
- Fallback DCI for random access scheduling
- UE specific RRC configures following:
- All functionality supported by the configuration of RMSI (cell-specific RRC configuration delivered UE-specific manner)
- Data scheduling 
- CORESET by UE specific RRC
- UE specific search space
- Non-fallback DCI
- This includes SPS and grant-free transmission
- DCI format configuration related to C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI and SRS-TPC-RNTI. 
- CORESET and search spaces for these RNTI are configured by RMSI.
- We propose to merge Type 1-PDCCH C-SS and Type 3-PDCCH C-SS for RRC_CONNECTED UEs as we think the same search space configuration can reduce the number of BDs especially related to random access procedure when UE has C-RNTI.

In order to allow above way of the configurations, we propose following.
Proposal 3: PBCH configures very compact fallback DCI.
Proposal 4: RMSI configures very compact fallback DCI and compact DCI for RMSI/OSI scheduling.
Proposal 5: RMSI configures very compact fallback DCI for paging.
Proposal 6: RMSI configures fallback DCI for random access related scheduling.
Proposal 7: UE specific RRC configures non-fallback DCI including for SPS and grant-free transmission
Proposal 8: UE specific RRC configures DCI format configuration related to C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI and SRS-TPC-RNTI.
Proposal 9: To merge Type 1-PDCCH C-SS and Type 3-PDCCH C-SS for RRC_CONNECTED UEs

Beam failure related configurations
Although it needs further clarification on exact UE specific search space and DCI format/size after beam failure, at least there are configured by UE specific RRC configurations.
Proposal 10: Beam failure related functions are configured by UE specific RRC.


Conclusion
We discussed remaining issues on search space. We propose the following.
Proposal 1: The maximum number of PDCCH BDs per slot should be clarified as the following table.
	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 (for sub 6GHz)
	44+16
	36+8
	22+8
	20

	Case 2’ (for above 6GHz)
	44
	36
	22
	20



Proposal 2: Restriction of PDCCH channel estimation complexity is realized as follows.
· Define the limits of “the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates” as the following table.
	Max no. of CCEs for channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	148
	118
	74
	66

	Case 1-2
	148
	
	
	-

	Case 2 (for sub 6GHz)
	208(148+60)
	148(118+30)
	104(74+30)
	66

	Case 2’ (for above 6GHz)
	148
	118
	74
	66


· The maximum number of CCEs is counted from the case of non-overlapped.

Proposal 3: PBCH configures very compact fallback DCI.
Proposal 4: RMSI configures very compact fallback DCI and compact DCI for RMSI/OSI scheduling.
Proposal 5: RMSI configures very compact fallback DCI for paging.
Proposal 6: RMSI configures fallback DCI for random access related scheduling.
Proposal 7: UE specific RRC configures non-fallback DCI including for SPS and grant-free transmission
Proposal 8: UE specific RRC configures DCI format configuration related to C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI and SRS-TPC-RNTI.
Proposal 9: To merge Type 1-PDCCH C-SS and Type 3-PDCCH C-SS for RRC_CONNECTED UEs
Proposal 10: Beam failure related functions are configured by UE specific RRC.
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