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1 Introduction
The following were agreed in previous RAN1 meetings with respect to PDCCH blind decoding [1, 2].
RAN1 AH1801 Agreements:

For one carrier:

· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP

· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot

· At most 3 different DCI sizes are monitored per C-RNTI per slot

· Payload size for formats 0-1 and 1-1 may differ
RAN1#92 Agreements:

· The number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates to be monitored, regardless of which REG-bundle size or precoder granularity.

· Overlapped CCEs associated with different CORESETs are counted separately.

· Overlapped CCEs associated with different PDCCH starting symbols with the same or different search space sets with the same CORESET are counted separately.

· Overlapped CCEs associated with same or different search space sets with the same PDCCH starting symbol associated with the same CORESET are counted one.

· Note: in the above, the overlapping CCEs for candidates for a given search space set with different starting symbols are assumed to be supported.

RAN1#92 Agreements:

· Mp,maxL is Mp,s,maxL  which is the maximum number of PDCCH candidates for the given aggregation level L across all serving cells for the given search space set s for the given CORESET p

RAN1#92 Agreements:

· Specify PDCCH candidate mapping rules. 

· PDCCH candidates are mapped to search-space-sets until either or both limit(s) of (number of blind decodes, CCEs for channel estimation) is/are met at least with the following rule

· SS type order, e.g. CSS  before USS 

· FFS: further rule within a search space set/type

RAN1#92 Agreements:

· Confirm the following working assumption, with updates:

· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for following numbers of 48 CCEs for a given slot per scheduled cell

· 56 CCEs for SCS = 15kHz and 30kHz
· 48 CCEs for SCS = 60kHz
· 32 CCEs for SCS = 120kHz
· FFS: cross-carrier scheduling

· FFS: wideband RS

· FFS: overbooking and/or nested structure

· FFS: exceptional case of CCE counting

· FFS: for case 2

This contribution continues discussions on search space configuration aspects. 

2 On remaining issues for search space
2.1 PDCCH candidates mapping rule
Only parts of the configured search space (SS) sets and/or PDCCH candidates would be monitored if at least one of the following conditions is not satisfied:
Condition#1) The number of different DCI sizes monitored by the UE per slot does not exceed [4].
Condition#2) The number of different DCI sizes monitored per C-RNTI per slot does not exceed [3].

Condition#3) The number of BDs per slot does not exceed its maximum number.

Condition#4) The number of CCEs for channel estimation per slot does not exceed its maximum number.

Among above conditions, only condition#3 and #4 were considered for PDCCH overbooking. The DCI size budget should be also considered for the PDCCH candidates mapping rules.

Observation 1: The DCI size budget should be considered for PDCCH candidates mapping rule.
It was agreed that SS type is considered for SS set-level selection, e.g., SS set configured by CSS can be prioritized over SS set configured by USS. However, SS type also is essentially DCI format/RNTI ‘type’ and therefore DCI formats (RNTIs) should be considered to decide the priority. The priority of a SS set can be determined by the RNTIs monitored in the SS set. 
First priority can be assigned to PDCCH candidates corresponding to DCI formats with SI-RNTI, RA-RNTI, or P-RNTI. 

Second and third priority can be assigned to PDCCH candidates for DCI format 0_0 and DCI format 1_0 with C-RNTI in the CSS (there are two DCI formats despite the same DCI format size) as it is more important for the gNB to be able to maintain communication with a UE than for the UE to detect a DCI format 2_0/2_1/2_2/2_3. 
Fourth, fifth, sixth, and seventh priority can be assigned to DCI format 2_0, DCI format 2_1, DCI format 2_2, and DCI format 2_3, respectively. It is noted that even though DCI format 2_2 and DCI format 2_3 have a same size as DCI format 0_0/1_0 this does not necessarily imply the same PDCCH candidates as corresponding configurations are separate (e.g. can have different CCE aggregation levels and different ID for DMRS scrambling sequence initialization).   

Eight and ninth priority can be for DCI format 0_1 and DCI format 1_1 (two DCI formats, may also have different size).

Tenth and eleventh priority can be for DCI format 0_0 and DCI format 1_0 in a USS.

Further discussion is also needed whether to de-prioritize any of DCI formats 2_0/2_1/2_2/2_3 over DCI format 0_1 and DCI format 1_1 (at least for some CCE aggregation levels).  

If multiple DCI formats are monitored in a SS set, the priority of the SS set can follow the DCI format having highest priority among the configured DCI formats. 
Proposal 1: Consider both SS type and DCI format type for the PDCCH candidate assignment.

Proposal 2: The priority of SS sets is determined according to the priority of the configured DCI formats.
For CA operation, it needs to be determined whether the PDCCH candidate assignment per cell considers the entire UE capability in terms of number of PDCCH decoding operations and number of non-overlapping CCEs for channel estimations or whether the UE capability is first split among cells and the PDCCH assignment is per cell. The former option is preferable as it provides a better utilization of the UE capability. The PDCCH candidate assignment process can be according to cell index (this also ensures that the PCell gets sufficient PDCCH candidates as, despite allowing DCI format 2_0 and DCI format 2_1 to be on SCells, the PCell (e.g. macrocell) will convey in practice more DCI format types than SCells).
Proposal 3: For CA operation, PDCCH candidate assignment is jointly considered over all cells. The assignment process can be according to cell index.

PDCCH candidates can be assigned until the limit in PDCCH decoding operations is met. It is noted that the limit in the number of channel estimates per slot does not need to affect the PDCCH candidate assignment as the process can continue even when an assignment of a next PDCCH candidate can result to exceeding the maximum number of channel estimates per slot (e.g., subsequent PDCCH candidates may have CCEs overlapping with ones of already assigned PDCCH candidates).


The process for PDCCH candidate assignment can be based on the following:

a) Start with DCI format priority for first search space set in first PDCCH monitoring occasion within the slot

b)  In case of CA and joint assignment of PDCCH candidates across cells, continue with cell index; otherwise, for hard split of the maximum number of PDCCH candidates and the maximum number of channel estimates across cells, skip this step

c) Continue with search space set index in first PDCCH monitoring occasion (start with search space 0 as it corresponds to RNTIs with highest priority)
d) Continue with PDCCH monitoring occasion within the slot (to ensure that the UE has PDCCH candidates at each monitoring occasion)

e) Continue with CCE aggregation level index.
For the CCE aggregation level index, it needs to be considered whether to start from the highest, the lowest, or some other one. Starting from the lowest CCE aggregation allows most PDCCH candidates to be allocated (it is expected the more PDCCH candidates will be configured for the lower CCE aggregation levels than for the higher ones) but also consumes most of the channel estimates the UE can perform in a slot. Starting from the highest CCE aggregation level (with non-zero configured candidates) allows some ‘nesting’ to occur for candidates for the lower aggregation levels (e.g. can always be assigned when the CCEs are overlapping and the maximum PDCCH decoding number in the slot is not reached) while avoiding the shortcomings associated with a nested search space. 
 
Randomization in the PDCCH candidate assignment process can also be considered to avoid a bias towards a search space set index for USS or towards the highest or lowest CCE aggregation level. Search space set index selection or CCE aggregation level selection for starting the PDCCH candidate assignment process for USS can very per slot similar to the PDCCH candidate location in the search space equation. For example, the first CCE aggregation level for PDCCH candidate assignment can be determined as
AL_index(0) = mod(current slot index, # of configured ALs),

where AL_index represents the index of AL and AL_index(0) is the CCE AL index with the highest priority. 
Proposal 4: The PDCCH candidate assignment is first according to DCI format priority, then according to cell index, then according to search space set index, then according to PDCCH monitoring occasion within slot, and finally according to CCE aggregation level index.
Proposal 5: Randomize first CCE aggregation level across slots for a search space set. 
2.2 Nested search space
A nested search space structure has been discussed over several meetings. The motivation is to reduce the number of channel estimations that a UE needs to perform by maximizing the number of overlapping CCEs for the PDCCH candidates. However, a nested search space has several disadvantages:

a) A limitation in the number of channel estimates is likely to occur when a UE is configured multiple CORESETs. This implies a reduced number of PDCCH candidates per search space set in a CORESET and a larger blocking probability per search space set which will be further increased by a nested search space.

b) A nested search space is inapplicable for the purposes of non-interleaved CCE-to-REG mapping

c) A nested search space cannot utilize all CCEs in a CORESET
d) Existing proposals for a nested search space are inappropriate as they rely on pseudo-candidates for the highest CCE aggregation level (e.g. can be 16 CCEs) and thus unnecessarily limit the location of CCEs for the PDCCH candidates that actually require (in total) the largest number of CCEs

e) Nesting can be achieved to a large extend by network implementation through the CORESET size or by the PDCCH candidate assignment (PDCCH candidates with overlapped CCEs can still be assigned when the maximum number of non-overlapped CCEs has been reached) while avoiding the above shortcomings of a nested search space. 

2.3 Search space configurations
The PDCCH monitoring occasion can happen in any symbols in a slot based on the higher layer configuration. However, this kind of very flexible configuration may increase UE implementation complexity without any meaningful benefit. Figure 1 shows an example of PDCCH monitoring occasion. A CORESET is configured to be 3 symbols and the monitoring occasion starts at the 13-th symbol within a slot. Then a UE monitors PDCCH in the CORESET across the slot boundary. This configuration should be prohibited.
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Figure 1. PDCCH monitoring occasion across the slot boundary
Proposal 6: A UE is not expected to be configured to monitor PDCCH across the slot boundary.

The following TP summarizes our proposal:
====================== Begin of Text Proposal for Section 10.1 in TS38.213 ==========================
The UE is not expected to be configured to monitor PDCCH across the slot boundary for a CORESET.

====================== End of Text Proposal for Section 10.1 in TS38.213 ===========================
Regarding the counting rule for the number of CCEs, higher layer configuration can result to overlapping CCEs for candidates for a given search space set with different starting symbols associated with the same CORESET (i.e. the PDCCH monitoring occasion can be configured to be smaller than the CORESET duration as shown in Figure 2). In Figure 2, since the CORESET duration is 3 symbols and the PDCCH monitoring occasion is at the 1st symbol and the 3rd symbol of a slot, the CORESET is overlapped for the search space sets in the 3rd symbol. This configuration is unnecessary although it is currently allowed. If low latency or multi-beam operation is a motivation for such configuration, it is preferable to use a shorter duration for the CORESET to ensure that a same CORESET is not overlapped for different search space sets. Therefore, shorter PDCCH monitoring occasions than CORESET duration should not be supported unless a clear need is identified.
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Figure 2. PDCCH monitoring
Proposal 7: The PDCCH monitoring periodicity for a given CORESET is always larger than or equal to the CORESET duration.
The following TP summarizes our proposal:
====================== Begin of Text Proposal for Section 10.1 in TS38.213 ==========================
For a search space set, the UE is not expected to be configured a PDCCH monitoring periodicity that is smaller than the CORESET duration.

====================== End of Text Proposal for Section 10.1 in TS38.213 ===========================
3 Conclusion

This contribution discussed remaining issues on search space. Following proposals were made as below:
Proposal 1: Consider both SS type and DCI format type for the PDCCH candidate assignment. 

Proposal 2: The priority of SS sets is determined according to the priority of the configured DCI formats.
Proposal 3: For CA operation, PDCCH candidate assignment is jointly considered over all cells. The assignment process can be according to cell index.
Proposal 4: The PDCCH candidate assignment is first according to DCI format priority, then according to cell index, then according to search space set index, then according to PDCCH monitoring occasion within slot, and finally according to CCE aggregation level index.

Proposal 5: Randomize first CCE aggregation level across slots for a search space set. 
Proposal 6: A UE is not expected to be configured to monitor PDCCH across the slot boundary.
Proposal 7: The PDCCH monitoring periodicity for a given CORESET is always larger than or equal to the CORESET duration.
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