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1. Introduction
In this contribution, we discuss remaining aspects of search space design.

2. PDCCH mapping rules across USS search-space-sets
At the RAN1#92bis meeting, following working assumption has been made [1]:
	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 



We believe the above working assumption is sufficiently reasonable for Case 1-1 and Case 1-2 and hence should be confirmed. Then, we also consider that the above PDCCH mapping rules should be applied to Case 2. For each search-space-set, 14 bits bit-map is used to configure PDCCH monitoring occasion(s) within a slot. With the flexibility of configuring PDCCH monitoring occasion(s) within a slot per search-space-set, we do not see the need of additional rules other than the above.
Proposal 1:
· Confirm the working assumption.
· For Case 2, same PDCCH mapping rules are applied as for Case 1-1 and for Case 1-2.

One missing case is carrier aggregation. For carrier aggregation, we have the following working assumption:
	Agreements:
· Following working assumption is made:
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.



For the case of non-cross-carrier scheduling, the limits of BDs/CCEs per CC per slot should be the same as in the above. For the limits of BDs/CCEs across CCs per slot, the numbers should be based on the above working assumption. If the number(s) of BDs and/or CCEs across CCs per slot exceed(s) the value(s) of the above working assumption, any candidates in the search-space-set and in any subsequent search-space-sets are dropped (not mapped). However, for the case of CA, search-space-set index is assigned per CC and hence, additional prioritization rule is necessary. For this, serving cell ID should additionally be used. For a given search-space-set ID, lower serving cell ID is prioritized. For a given serving cell ID, lower search-space-set ID is prioritized. By this, PDCCH can be mapped on as many CCs as possible. Figure 1 illustrates an example image of this.
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Fig. 1	PDCCH mapping order across CCs and search-space-sets.

The above can simply be applied to cross-carrier scheduling by replacing “per CC” by “per scheduled CC”.
Proposal 2:
· For CA with self-scheduling and with cross-carrier scheduling, 
· The limits of BDs/CCEs per scheduled CC per slot are the same as for the case of non-CA.
· The limits of BDs/CCEs across scheduled CCs per slot are based on the following (working assumption at the RAN1#92bis meeting):
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· CC index of a scheduled CC is additionally taken into account for PDCCH mapping rules.
· For a given search-space-set index, lower scheduled CC index is prioritized.
· For a given scheduled CC index, lower search-space-set index is prioritized.

The above discussion applies to the case of single numerology for the NR-CA. In Rel.15, however, we also support (1) up to two numerologies per PUCCH-group and (2) up to two PUCCH-groups with respective numerology for each PUCCH-group. Therefore, from the specification point of view, up to four numerologies for PDCCH monitoring across CCs needs to be supported. The agreements/working assumptions so far have not addressed such cases.
For example, for the following case (2 CCs with numerology 1 and 4 CCs with numerology 2), it is not clear how the limits of BDs/CCEs across CCs per slot or per slots is defined. 
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Our proposal for this case is following.
Proposal 3:
· For CA using CCs with different numerologies,
· The limits of BDs/CCEs per scheduled CC per slot are the same as for the case of non-CA.
· The limits of BDs/CCEs across scheduled CCs are based on the following:
· For a UE supporting CA with up to X DL-CCs with a given numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with a given numerology with Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network taking into account the maximum number of PDCCH blind decodes across DL-CCs per numerology
· For example, when a UE supports CA with up to 11 CCs where one numerology for up to 5 CCs and another numerology for up to 6 CCs, if the UE reports y= 4, then for both numerology, the maximum number of PDCCH blind decodes per slot per numerology is 4*M
· For a UE supporting CA with up to X DL-CCs with a given numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with a given numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network taking into account the maximum number of CCEs for channel estimation across DL-CCs per numerology
· For example, when a UE supports CA with up to 11 CCs where one numerology for up to 5 CCs and another numerology for up to 6 CCs, if the UE reports y= 4, then for both numerology, the maximum number of CCEs for channel estimation per slot per numerology is 4*N
· CC index of a scheduled CC is additionally taken into account for PDCCH mapping rules.
· For a given search-space-set index, lower scheduled CC index is prioritized.
· For a given scheduled CC index, lower search-space-set index is prioritized.

3. Conclusion
In this contribution, we discussed PDCCH mapping rules across USS search-space-sets with CA using the same and/or different numerologies. Following are the proposals: 
Proposal 1:
· Confirm the working assumption.
· For Case 2, same PDCCH mapping rules are applied as for Case 1-1 and for Case 1-2.
Proposal 2:
· For CA with self-scheduling and with cross-carrier scheduling, 
· The limits of BDs/CCEs per scheduled CC per slot are the same as for the case of non-CA.
· The limits of BDs/CCEs across scheduled CCs per slot are based on the following (working assumption at the RAN1#92bis meeting):
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· CC index of a scheduled CC is additionally taken into account for PDCCH mapping rules.
· For a given search-space-set index, lower scheduled CC index is prioritized.
· For a given scheduled CC index, lower search-space-set index is prioritized.
Proposal 3:
· For CA using CCs with different numerologies,
· The limits of BDs/CCEs per scheduled CC per slot are the same as for the case of non-CA.
· The limits of BDs/CCEs across scheduled CCs are based on the following:
· For a UE supporting CA with up to X DL-CCs with a given numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with a given numerology with Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network taking into account the maximum number of PDCCH blind decodes across DL-CCs per numerology
· For example, when a UE supports CA with up to 11 CCs where one numerology for up to 5 CCs and another numerology for up to 6 CCs, if the UE reports y= 4, then for both numerology, the maximum number of PDCCH blind decodes per slot per numerology is 4*M
· For a UE supporting CA with up to X DL-CCs with a given numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with a given numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network taking into account the maximum number of CCEs for channel estimation across DL-CCs per numerology
· For example, when a UE supports CA with up to 11 CCs where one numerology for up to 5 CCs and another numerology for up to 6 CCs, if the UE reports y= 4, then for both numerology, the maximum number of CCEs for channel estimation per slot per numerology is 4*N
· CC index of a scheduled CC is additionally taken into account for PDCCH mapping rules.
· For a given search-space-set index, lower scheduled CC index is prioritized.
· For a given scheduled CC index, lower search-space-set index is prioritized.
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