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Introduction
This contribution shows our view on the relation between channel estimation complexity and search space. This contribution is revised from R1-1802505.

Discussion
Further detail of mapping rule
In the last meeting, PDCCH candidate mapping rules (dropping rules) was agreed as follows.
	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



Detail of mapping rule on SS type order
SS types are defined as follows.
	· a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
· a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
· a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;
· a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
· a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI; and
· a UE-specific search space for a DCI format with CRC scrambled by C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI.



According to current PDCCH candidate mapping rules, if the number of BD or the number of CCEs exceeds the limits, USS is dropped firstly. Secondary, one of the CSS (type0 or type0A or …) may be dropped. However, we think CSS should not be dropped because any type of CSS is important for UE. Therefore, we think all CSSs should be mapped (i.e. the total number of BDs and CCEs for CSS should not exceed the limit).
Note that certain type of CSS is not always required to be received. Type0-PDCCH and type0A-PDCCH search space reception are only required at the slots where SI can be sent. This information is known by RRC and can be indicated in L1 of UE. Type1-PDCCH CSS reception is only when random access procedure is triggered. This situation is known by UE MAC and can be indicated in L1 of UE. In LTE, the paging DCI reception in RRC_CONNECTED is not required in its specific subframe determined by UE ID as the purpose of SIB update and ETWS/CMAS related indication. Instead, the paging reception is carried out in DRX or some subframe where the number of PDCCH reception is not peak. Therefore, Type2-PDCCH CSS reception in RRC_CONNECTED would be carried out when the number of BD trials are relaxed if RAN2 decides paging in RRC_CONNECTED is similar to LTE mechanism. These information should be taken into account within UE.
Proposal 1: The total number of BDs and CCEs for CSSs should not exceed the limit.

Further mapping rules
In current PDCCH candidate mapping rules, all USSs are not mapped if the number of BDs or CCEs exceeds the limit. It will waste the USS usage although some of them can still be used. Therefore, some kinds of mapping rules are necessary to utilize part of USS. On the other hand, our view is nested structure is necessary in order to reduce channel estimation complexity fundamentally. Therefore, simple rules would be sufficient for USS PDCCH candidate mapping. Therefore, the following mapping rule for USS should be added,
· SS index order  (i.e. mapping the lower index before higher index)
· Since search space ID is included in RRC parameter, gNB can configure priority using the index. 
Proposal 2: For USS PDCCH candidate mapping rule, SS index order (i.e. mapping the lower index before higher index) is used.

Nested structure 
In the last meeting, the following was agreed. We don’t think that shortage of CCEs for channel estimation was sufficiently solved. In order to satisfy such limitation, we think nested structure is necessary.
	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



Realization of nested structure
There have been multiple realizations of nested structure [2][3][4][5][6][7][8]. Considering PDCCH candidate mapping rules, it is important that the number of CCEs for channel estimation is constant among slots. If the number of CCEs is dynamically different among slots and the number of CCEs is close to the limit, some search space cannot be mapped depending on the slot situation. It makes PDCCH scheduling difficult. Therefore, we think nested structure under the highest AL as follows is a better realization because it is simpler and easier to manage the number of CCEs for channel estimation.
For highest AL in a search space, CCEs for PDCCH candidates are calculated by the following hash function specified in section 10.1 of TS38.213 [1]: 

.
For other than the highest AL in a search space, CCEs for PDCCH candidates are located within CCEs for the highest AL. CCE position within the highest AL is calculated as follows:

,








where  is the number of CCEs for the highest AL. If  is larger than  for any L, pseudo candidates for the highest AL are added in order to avoid the collision of each candidate. For example, if the number of candidates is {6, 6, 2, 1, 0} for AL {1, 2, 4, 8, 16}, the number of CCEs for each AL is {6, 12, 8, 8, 0}. In this case, candidates for AL2 collide with each other if  is 8. Then a pseudo candidate is added to AL8 and  becomes 16. Figure 1 shows the calculated search space for this case. Where,  is 0,  is 32 and is 0.
[image: ]
[bookmark: _Ref485373914][bookmark: _Ref494479674]Figure 1  Example of search space for nested structure

Proposal 3: Nested structure should be supported by two types of hash functions for the highest AL and other ALs in a search space.



Proposal 4: If  is larger than  for any L, pseudo candidates for the highest AL are added, where is the number of CCEs for the highest AL.

Application of nested structure
As discussed in some contributions, nested structure can increase blocking probability [2][5][7][8]. For CCE limited case (i.e. the number of CCEs reaches the limit), nested structure is beneficial to reduce channel estimation complexity. For BD limited case (i.e. the number of BDs reaches the limit), it can be better to utilize remaining CCEs instead of applying nested structure in order to reduce blocking probability. BD limited case tends to occur when UE’s SINR is high because lower AL is mainly used. Based on long term SINR, if target BLER of PDCCH is achieved by aggregation level N, aggregation level 2N and N/2 would be useful as the margin. In this sense, AL1, AL2 and AL4 are considered to be utilized in BD limited case. Therefore, considering trade-off between channel estimation restriction and blocking probability, nested structure is applied only to search spaces containing higher AL than AL4.
· For example,
· If the number of candidates is {0, 6, 6, 2, 2} for AL {1, 2, 4, 8, 16}, nested structure is applied
· If the number of candidates is {6, 6, 2, 0, 0} for AL {1, 2, 4, 8, 16}, nested structure is not applied

Proposal 5: Nested structure is applied only when the AL contained in search spaces is higher than AL4.

Conclusion
We discussed remaining issues on search space. We propose the following.
Proposal 1: The total number of BDs and CCEs for CSSs should not exceed the limit.
Proposal 2: For USS PDCCH candidate mapping rule, SS index order (i.e. mapping the lower index before higher index) is used.
Proposal 3: Nested structure should be supported by two types of hash functions for the highest AL and other ALs in a search space.



Proposal 4: If  is larger than  for any L, pseudo candidates for the highest AL are added, where is the number of CCEs for the highest AL.
Proposal 5: Nested structure is applied only when the AL contained in search spaces is higher than AL4.
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