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1. Introduction
In previous RAN1 meeting, the capabilities of channel estimation and blind decode were discussed, and following agreements were made for CCE counting, candidate mapping rule, and the number of CCEs as a channel estimation capability;
	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.
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
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 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: overbooking and/or nested structure
· FFS: exceptional case of CCE counting
· FFS: for case 2


In this contribution, we discuss remaining issues on search space, such as details of PDCCH candidate mapping rule and FFS points of previous meeting.

2. Discussions
In LTE PDCCH, a channel estimation is performed using CRS, so a wideband channel estimation on CRS can be done and there is no need to perform channel estimation to each CCE. On the other hand, in NR, DMRS and REG bundle are used for channel estimation, and the number of channel estimation is increased dramatically compared to LTE PDCCH. In conclusion, the UE may not perform channel estimation in time on some cases. According to agreements in precious meeting, channel estimation capability for each subcarrier spacing is defined, and priority of search space types is agreed for PDCCH candidate mapping. In addition to the agreements, details of PDCCH candidate mapping and remaining issues are treated in following sections.

Exceptional case of PDCCH candidate mapping 
In previous meeting, it was agreed that if a PDCCH decoding candidate having a CCE overlapped, even partially, with the configured SSB, the UE is not required to monitor the PDCCH with the decoding candidate. Regarding this agreement, it is not sure that whether candidates which include REG(s) overlapping with SSB are mapped to search space set or not. From our perspective, the agreement means that the PDCCH decoding candidate (partially or fully) overlapped with configured SSB is not selected as an actual candidate monitored by a UE. In other words, the candidates which include overlapping resources with SSB don’t affect both blind decode and channel estimation capabilities. If the resources overlapped with SSB are selected as actual candidates and are not monitored by a UE, the number of actual blind decodes is decreased and it is not desirable in terms of efficiency. For clarification and efficient operation, our proposal is as follows;
Proposal 1: PDCCH candidates having a CCE overlapped, even partially, with the configured SSB are not mapped to corresponding search space set.

PDCCH candidate mapping rules
It was agreed that a CSS is prior to USS when PDCCH candidates are mapped to search space set in a slot. Regarding the CSS, because each RNTI monitored in CSS can have own monitoring periodicity and occasion, multiple CSS sets can be monitored in a same slot, and it can cause larger number of BDs and CCEs than each limit. This issue can be solved by option i) defining rule for determining priority of each CSS set (for example, the priority can be decided considering RNTI (or CSS type), search space set index) or option ii) assuming the number of BDs and CCEs for CSS sets in a slot is always lower than each limit in a slot. For simplicity, option ii) is slightly preferred. 
Proposal 2: At least for CSSs, a UE is not expected that more candidates and/or non-overlapped CCEs than corresponding limits are configured in a slot.
If X, Y, XCSS, and YCSS means the BD limit, CE limit, the number of BDs for CSS set(s), and the number of CCEs for CSS set(s), respectively, XUSS (=X-XCSS) and YUSS (=Y-YCSS) can be defined as the limit of BDs and CCEs on USS set(s) in a given slot. Regarding USS set(s), if both XUSS and YUSS are larger than 0, a UE can select candidates in USS set(s) for monitoring PDCCH until either BD limit or CCE limit is met. In order to select candidate in USS set(s), following round robin type selection can be considered;
In order to provide equal opportunity and scheduling flexibility to different SS sets and AL, candidates can be selected in a round-robin fashion for SS set index, AL, and candidate index. For example, if USS#0 and #1 are configured with (AL, the number of candidates) = {(8,2), (4,2), (2,2), (1,2)}, a UE can select candidates one by one by following order until the limit is met; (SS set index, AL, candidate index) = (0, 8, 0), (1, 8, 0), (0, 4, 0), (1, 4, 0), (0, 2, 0), (1, 2, 0), (0, 1, 0), (1, 1, 0), (0, 8, 1), (1, 8, 1), …, (1, 1, 1). In other words, PDCCH candidates are mapped to USS sets in round robin fashion until the limit (i.e., XUSS or YUSS) is met with following rule; (1) lower SS set index before higher SS set index, (2) higher AL before lower AL, (3) lower candidate index before higher candidate index. 
Another way is that round robin selection can be applied to AL and candidate index in a given SS set (with higher priority) first. Candidates on other USS sets can be selected, if XUSS and YUSS are still larger than 0. Regarding the same example as mentioned above, and if SS set #0 has higher priority, a UE can select candidates as follows; (SS set index, AL, candidate index) = (0, 8, 0), (0, 4, 0), (0, 2, 0), (0, 1, 0), (0, 8, 1), (0, 4, 1), (0, 2, 1), (0, 1, 1), (1, 8, 0), (1, 4, 0), …, (1, 1, 1).
Figure 1 shows an example of candidate mapping based on round robin as mentioned above. The ‘red’ number denote selection order of candidates.
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Figure 1. An example of candidate mapping

Proposal 3: PDCCH candidates are mapped to USS sets until either BD limit or CCE limit is met with following rule;
· Candidates are selected in a round-robin fashion based on SS index and/or AL and/or candidate index.
· Lower indexed SS set and candidate can be selected first.
· Higher AL can be selected first.

Additional selection of candidates
If more BDs can be performed after the limit of channel estimation is met, candidates can be selected additionally for providing more chances to receive PDCCH. Because a UE cannot perform more channel estimation in this case, additional candidates can be selected only if fully overlapped with already selected CCEs within a CORESET. Note that the number of CCEs for channel estimation is not increased by these additional candidates.
Proposal 4: For a scheduling flexibility, capabilities of BD and channel estimation are fully utilized.
Proposal 5: If more BDs (and no more channel estimation) can be performed, candidates which don’t increase channel estimation can be mapped to the search space set.
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3. Conclusion
In this contribution, we discuss channel estimation and BD capability, and followings are proposed.
Proposal 1: PDCCH candidates having a CCE overlapped, even partially, with the configured SSB are not mapped to search space sets.
Proposal 2: At least for CSSs, a UE is not expected that more candidates and/or non-overlapped CCEs than corresponding limits are configured in a slot.
Proposal 3: PDCCH candidates are mapped to USS sets until either BD limit or CCE limit is met with following rule;
· Candidates are selected in a round-robin fashion based on SS index and/or AL and/or candidate index.
· Lower indexed SS set and candidate can be selected first.
· Higher AL can be selected first.
Proposal 4: For a scheduling flexibility, capabilities of BD and channel estimation are fully utilized.
Proposal 5: If more BDs (and no more channel estimation) can be performed, candidates which don’t increase channel estimation can be mapped to the search space set.
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