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1 Introduction

In RAN1 #92bis meeting [1], the following agreements on search space set for NR-PDCCH have been made.
	Agreements:

· For Rel.15 December 2017 version of Case 2, number of CCEs for channel estimation per slot is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz, 120kHz}
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
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.
Agreements:

· The working assumption as part of the agreements below is confirmed:

· Change Y_{p, kp} to Y_{p, ns,f( }  in the search space hashing function in subclause 10.1 of 38.213, where the index ns,f(  is the slot number.

· (Working assumption) The reset of the update is per radio frame

Agreements:

· A UE is not expected to be configured to monitor PDCCH across a slot boundary.
Working assumption:

· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with C-RNTI is monitored in non-DRX occasions after C-RNTI is available.

· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with CS-RNTI is monitored in non-DRX occasions after CS-RNTI is available.
Agreements:

· Following is to be clarified in 213:

· Type0-CSS is configured by RMSI-PDCCH-Config provided by MIB or is configured by searchSpace-SIB1 provided by PDCCH-ConfigCommon
· Type0A-CSS is configured by searchSpace-OSI provided by PDCCH-ConfigCommon
· Type1-CSS is configured by ra-SearchSpace provided by PDCCH-ConfigCommon
· Type2-CSS is configured by pagingSearchSpace provided by PDCCH-ConfigCommon
· Type3-CSS is configured by a SearchSpace with the searchSpaceType “common” provided by PDCCH-Config
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 this contribution, we will mainly discuss and make proposals for the remaining issues of the search space set. This includes aspects for UE blind detection, PDCCH mapping rules.

2 UE blind decoding and decoding PDSCH complexity limitations 

In NR, the UE can be configured with multiple search space sets on the active DL BWP on each activated serving cell, with multiple search spaces being associated with one or more CORESET(s). Different DCI formats may require different monitoring periodicities or monitoring occasions, e.g. to support different services. The UE may need to be configured to monitor the PDCCH in different search space sets. When the UE has detected a PDCCH in a search space and the PDCCH contains a DL scheduling DCI, it should then decode this data of the PDSCH based on the contents of the resource allocation field and the time-domain resource allocation in the DCI. The time domain resources may consist of multiple symbols in one or more slots. During the PDSCH decoding, the UE should still monitor the PDCCH in other search spaces. That means that the UE should decode data in the PDSCH and blind detect of PDCCH(s) at the same time. This processing results in high complexity for the UE and RAN1 need to find solutions to relax these requirements.
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Figure 1 - Decode data in the PDSCH and blind detection of PDCCH(s) at the same time
Considering power saving and the limitation of the hardware processing capability at the UE side of UEs, a possible option is to limit the UE functionality. There are two possible rules to be captured in the specifications:
1. If UE had detected a PDCCH in a search space and starts to decode data in the associated PDSCH, the UE shall stop the blind decoding of other PDCCH candidates during the data decoding time regardless of another PDCCH search space monitoring occasions configured in the symbols for PDSCH decoding.
2. If UE had detected a PDCCH in a search space and starts to decode data in the associated PDSCH, the UE shall stop decoding the data if another PDCCH search space monitoring occasions configured in the symbols for PDSCH decoding.
3 PDCCH mapping rules 

For PDCCH mapping rules, the following conclusions have been made in RAN1 #92bis meeting.
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 this section, we will discuss and make proposals for PDCCH mapping rules. 
3.1 Mapping order among different USS sets
Considering Case 1-1, Case 1-2 and Case 2 together, we suggest that all PDCCH candidates to be mapped in a USS set should be mapped before mapping next USS set. PDCCH mapping will be discussed based on this principle. For PDCCH mapping of single carrier, whether Case 1-1, Case 1-2 or Case 2, we suggest that PDCCH candidates should be mapped from lower to higher USS set index. For PDCCH mapping of CA, PDCCH mapping includes options of independent PDCCH mapping and joint PDCCH mapping among different component carriers. In independent PDCCH mapping, each component carrier has an independent CCE/BD threshold, and it should be guaranteed that the number of CCE/BD per component carrier does not exceed the CCE/BD threshold corresponding to the component carrier. In joint PDCCH mapping, all component carriers share a larger CCE/BD threshold, it should be guaranteed that the total number of CCE/BD in all component carriers doses not exceed this larger threshold. Taking Case 1-1 and Case 1-2 as an example, the independent and joint PDCCH mapping are shown in figure 2-a and 2-b, respectively. As shown in figure 2(a) and 2(b), the number of dropped PDCCH candidates in joint PDCCH mapping is less than that of independent PDCCH mapping. Therefore, we suggest that joint PDCCH mapping should be adopted. Considering that there are multiple carriers in CA, we suggest that PDCCH candidates should be mapped from lower CC index to higher CC index. In addition, we suggest that PDCCH candidates should be mapped from lower USS set index to higher USS set index.
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(a) CCE  threshold 48  per CC                               (b) CCE threshold  96 ( shared among all CCs)
Figure 2 - An example of independent and joint PDCCH mapping among different carriers
Proposal 1: For PDCCH mapping of USS sets under the CA scenario, we suggest that joint PDCCH mapping among different component carrier. The all CCs should share a total limit of BDs and CCEs. The order of mapping adopts the following rules:

· All PDCCH candidates to be mapped in a USS set should be mapped before mapping next USS set. 

· PDCCH candidates are mapped from lower CC index to higher CC index.

· PDCCH candidates are mapped from lower USS set index to higher USS set index.
For joint PDCCH mapping among different component carrier, there are the following two alternatives.

· Alt.1: Map all USS sets in a CC before mapping USS sets in next CC. In this method, USS sets are mapped based on ascending CC indexes and ascending USS set indexes. Furthermore, all USS sets in the previous CC should be mapped before mapping USS sets in next CC. For mapping a USS set, the all or partial PDCCH candidates of this USS set will be mapped. For Alt.1, PDCCH mapping order among different USS sets are shown in figure 3.

· Alt.2: Alternately map a USS set on different component carriers. In this scheme, USS sets are mapped based on ascending CC indexes and ascending USS set indexes. Moreover, it should be guaranteed that USS sets are alternately mapped on different component carriers. For mapping a USS set, the all or partial PDCCH candidates of this USS set will be mapped.  In this method, the order of mapping USS sets can be found in the figure 4.
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Figure 3 - Mapping all mapped USS set of one CC before mapping USS sets in next CC
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Figure 4 - Alternately mapping a USS set on different component carriers

Proposal 2: For joint PDCCH mapping, the one of the following rules is adopted in regarding to USS set ID first or CC ID first:

· Alt.1: Map all USS sets in a CC before mapping USS sets in next CC
· Alt.2: Alternately map a USS set on different component carriers
3.2 PDCCH mapping rules within a USS set of Case 2 

 In section 3.1, we discussed mapping order among different USS sets. In this section, we will discuss PDCCH mapping order and rules in a USS set of Case 2. For case 2, if one USS set has only one occasion, we suggest that SS set level PDCCH mapping is adopted. That means: if all candidates in a SS set can’t be mapped, any candidates in the SS set are dropped. Otherwise, when one USS set includes multiple occasions, we suggest the one of the following four options should be adopted.

· Option 1: SS set level PDCCH mapping. In this option, for a USS set of mapping PDCCH candidates, all PDCCH candidates in the USS set will be mapped. 

· Option 2: Occasion level PDCCH mapping. For this scheme, all PDCCH candidates of one occasion in a USS set are mapped based on ascending or interleaved occasion indexes. From the point of view of the real-time, it is more beneficial that occasions mapping PDCCH candidates are equal interval distribution as far as possible. In order to achieve this goal, we suggest that occasion level PDCCH mapping is based on interleaved occasion index. In the scheme, PDCCH mapping order within a USS set is shown in figure 5.
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Figure 5 - An example of occasion level PDCCH mapping
· Option 3: Candidate level PDCCH mapping. In this option, PDCCH candidates in a USS set are mapped one by one until the number of CCE/BD reaches the threshold value, or all PDCCH candidates in the USS set are mapped. For candidate level PDCCH mapping, we suggest that PDCCH candidates should be mapped from higher aggregation level to lower aggregation level. For a given aggregation level of a USS set , in order to obtain better real-time performance, we suggest that PDCCH candidates should be mapped based on interleaved occasion indexes. In addition, in order to obtain better frequency diversity, we suggest that PDCCH candidates should be mapped based on interleaved candidate index m of one occasion. For more details, please refer to our companion contribution [2]. According to the above discussion, within a given USS set s and aggregation level L, PDCCH mapping order is shown in figure 6.
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Figure 6- An example of order of mapping PDCCH candidates within {s, L}
· Option 4: Candidate level PDCCH mapping before SS set level mapping. In this option, firstly, map one PDCCH candidate of the highest aggregation level in each occasion based on interleaved occasion indexes. After that, all the remaining PDCCH candidates in a USS set are then mapped at the same time. According to the above description, PDCCH mapping order in a USS set is shown in figure 6. In figure 6, the number represent the order of mapping PDCCH candidates.
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Figure 7 - Candidate level PDCCH mapping before SS set level mapping
In the above four options, we discussed the PDCCH mapping within a USS set with multiple occasion. Next, we will discuss and analyze the advantage and disadvantage of these options. The advantage of option 1 is that PDCCH mapping is very simple, but its disadvantage is that all PDCCH candidates in a USS set may be dropped due to the lager PDCCH mapping granularity. Therefore, option 1 will have a great impact on the real-time performance of URLLC services. As for option 2, although the possibility of dropping all PDCCH candidates in a USS set is lower than that of option 1, the possibility of dropping all PDCCH candidates in a USS set is still very large. Moreover, dropping all PDCCH candidates on one or more occasion will also affect the real-time performance of URLLC services. From the point of view of real-time, we suggest that neither option 1 nor option 2 will be adopted.

As for option 3 and option 4, the possibility of dropping all PDCCH candidates in a USS set or one occasion is enough low. Therefore, we suggest that option 3 or option 4 should be adopted as PDCCH mapping rules in a USS set with multiple occasions. Compared with option 3, the complexity of PDCCH mapping in option 4 is lower, but the disadvantage of option 4 is that granularity of PDCCH mapping is lager. Therefore, if the complexity of option 3 is acceptable, we suggest that option 3 should be adopted as PDCCH mapping rules in a USS set with multiple occasions. Otherwise, we suggest that option 4 should be adopted.

Proposal 3: For case 2, if one USS set has only one occasion, we suggest that SS set level PDCCH mapping is adopted as PDCCH mapping rules within a USS set. 

Proposal 4: For case 2, when one USS set includes multiple occasions, we suggest the one of the following options should be adopted as PDCCH mapping rules within a USS set.

· For Case 2, candidate level PDCCH mapping is adopted,  and the mapping rules is shown as follows:

· PDCCH candidates are mapped from higher aggregation level to lower aggregation level.
· PDCCH candidates are mapped based on interleaved occasion indexes.
· PDCCH candidates are mapped based on interleaved candidate index m of one occasion.
· For Case 2, the following mapping rules is adopted:

· Firstly, map one PDCCH candidate of the highest aggregation level in each occasion based on interleaved occasion indexes. 

· Secondly, all the remaining PDCCH candidates in a SS set are mapped within the USS set.
4 Conclusions

In this contribution, we discussed the remaining details for PDCCH. Based on the discussion, we have the following proposals.

Proposal 1: For PDCCH mapping of USS sets under the CA scenario, we suggest that joint PDCCH mapping among different component carrier. The all CCs should share a total limit of BDs and CCEs. The order of mapping adopts the following rules:

· All PDCCH candidates to be mapped in a USS set should be mapped before mapping next USS set. 

· PDCCH candidates are mapped from lower CC index to higher CC index.

· PDCCH candidates are mapped from lower USS set index to higher USS set index.
Proposal 2: For joint PDCCH mapping, the one of the following rules is adopted in regarding to USS set ID first or CC ID first:

· Alt.1: Map all USS sets in a CC before mapping USS sets in next CC
· Alt.2: Alternately map a USS set on different component carriers
Proposal 3: For case 2, if one USS set has only one occasion, we suggest that SS set level PDCCH mapping is adopted as PDCCH mapping rules within a USS set. 

Proposal 4: For case 2, when one USS set includes multiple occasions, we suggest the one of the following options should be adopted as PDCCH mapping rules within a USS set..

· For Case 2, candidate level PDCCH mapping is adopted,  and the mapping rules is shown as follows:

· PDCCH candidates are mapped from higher aggregation level to lower aggregation level.
· PDCCH candidates are mapped based on interleaved occasion indexes.
· PDCCH candidates are mapped based on interleaved candidate index m of one occasion.
· For Case 2, the following mapping rules is adopted:

· Firstly, map one PDCCH candidate of the highest aggregation level in each occasion based on interleaved occasion indexes. 

· Secondly, all the remaining PDCCH candidates in a SS set are mapped within the USS set.
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