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Introduction
This contribution shows our view on the relation between channel estimation complexity and search space. 

Discussion
[bookmark: _GoBack]Further detail of mapping rule
In the last meeting, the following PDCCH candidate mapping rules (dropping rules) was agreed. The necessity of further rules was FFS. 
	Agreements:
· UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of numbers of BDs/CCEs
Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS 



In offline summary at the last meeting [1], the following was proposed. 1st and 2nd sub-bullet point in the proposal were agreed, but 3rd sub-bullet point was not agreed.
	Proposal:
· Working assumptions:
· PDCCH candidates are mapped on CSS without dropping.
· PDCCH candidates are mapped on USS from lower search space ID to higher search space ID across carriers.
· On USS, for a given search space ID across carriers, PDCCH candidates are mapped from lower cell ID to higher cell ID.


For 3rd sub-bullet point in the above proposal, we think it is reasonable to map different CCs as much as possible in order to utilize many CCs as much as possible. The number of blind decodes and CCEs for channel estimation per cell are not exceed the limit for non-CA case (i.e., {44, 36, 22, 20} for blind decodes and {56, 56, 48, 32} for CCEs).

Proposal 1: On USS, for a given search space ID across carriers, PDCCH candidates are mapped from lower serving cell index to higher serving cell index.

Nested structure 
Whether to support nested structure
The following disadvantages of nested structure was argued [2].

	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. 


Our view on the above argument is as follows.
a) Even not so many CORESETs are configured, the limitation of the number of channel estimate is likely to occur. Especially when AL16 is used, the number of CCE easily exceeds the limit. For example, when the numbers of PDCCH candidate are {0, 0, 2, 2, 2} for AL {1, 2, 4, 8, 16}, the maximum total number of CCEs is 56.
b) We agree with this point.
c) We are not sure that this is an issue. If unavailable CCEs are not preferable, the gNB can avoid it by configuring CORESET size. 
d) We don’t assume to rely on pseudo candidates (only essential pseudo candidates are added). Instead of pseudo candidates, we considered how to apply nested structure as discussed below.
e) We agree to adjust CORESET size can control the amount of nesting. One extreme configuration is to adjust CORESET size to be the same as search space size. In this case, the CORESET location by bitmap is exactly the same as search space location. A gNB should control collisions between UEs by creating groups of UEs (i.e., it controls with “coordinated principle” like LTE EPDCCH rather than “random principle” like LTE PDCCH). However, it is difficult to control the case that larger number of UEs are supported in the cell because the grouping of UEs are different as each group of UEs are increasing/decreasing based on the mobility. Therefore, not all cases can be solved by this method.
Except for non-interleaved CCE-to-REG mapping, disadvantages of nested structure are not critical. The disadvantage of non-interleaved CCE-to-REG mapping can be avoided by applying nested structure only for interleaved CCE-to-REG mapping. However, shortage of CCEs for channel estimation cannot be sufficiently solved by mapping rules only. In order to satisfy such limitation, we think nested structure is necessary.

Realization of nested structure
There have been multiple realizations of nested structure [3][4][5][6][7][8][9]. 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.
In offline summary at the last meeting [1], the following was proposed by DOCOMO.
	Proposal:
· Support nested search space structure.
· Start from the following text proposal for TS38.213 Section 10.1.
· FFS: further refinement for addressing pseudo-candidates.

== Start ==

For a search space set [image: ] associated with control resource set [image: ], the CCEs corresponding to the CCEs for the highest monitored aggregation level [image: ] corresponding to PDCCH candidate [image: ] of the search space set for a serving cell corresponding to carrier indicator field value [image: ] are numbered from 0 to  and form a subset of CCEs, {CCE-h(0), CCE-h(1), …, CCE-h()}. The CCEs for not the highest monitored aggregation level l corresponding to PDCCH candidate [image: ] of the search space set for a serving cell corresponding to carrier indicator field value [image: ] corresponds to the CCE-h with the indices given by 

where i = 0, …, l1.

== End ==


We basically agree the above proposal. Regarding pseudo candidates, we assume that pseudo candidates for the highest monitored 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.
Regarding the equation of the above proposal, the following modification is necessary. is the number of PDCCH candidates the UE is configured to monitor for aggregation level l.


[image: ]
[bookmark: _Ref485373914][bookmark: _Ref494479674]Figure 1  Example of search space for nested structure

Proposal 2: Nested structure should be supported by two types of hash functions for the highest monitored AL and other ALs in a search space.
Proposal 3: If the number of CCEs for not the highest monitored AL is larger than the number of CCEs for the highest monitored AL, pseudo candidates for the highest monitored AL are added.

Application of nested structure
As discussed in some contributions, nested structure can increase blocking probability [3][4][5][7][8][9]. 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 4: 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: On USS, for a given search space ID across carriers, PDCCH candidates are mapped from lower serving cell index to higher serving cell index.
Proposal 2: Nested structure should be supported by two types of hash functions for the highest monitored AL and other ALs in a search space.
Proposal 3: If the number of CCEs for not the highest monitored AL is larger than the number of CCEs for the highest monitored AL, pseudo candidates for the highest monitored AL are added.
Proposal 4: Nested structure is applied only when the AL contained in search spaces is higher than AL4.
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