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1 Introduction

Most details of the NR DL control channel framework have been agreed and are now captured in TS 38.213 [1]. This contribution addresses several open aspects regarding the PDCCH monitoring framework, blind decoding complexity, and some remaining details of CORESET configuration.   
2 PDCCH monitoring framework
At the last meeting, a uniform framework for PDCCH monitoring periodicity was agreed as follows:

Agreements:

· For a search space configuration, monitoring periodicity of slot(s) is updated as follows:

· For all SCS, {1, 2, 4, 5, 8, 10, 16, 20} slots

· For INT-RNTI, a subset of {1,2,4} slots is applied

· FFS: the case when concatenated semi-static DL/UL assignments is configured

One open issue is how to handle the case when a concatenated semi-static DL/UL assignment is configured. This could create a mismatch between a regular monitoring periodicity such as for DCI format 2_0 and the aggregate UL-DL configuration period. An example is shown in the figure below for a 2ms + 5ms UL-DL configuration with reference SCS = 15 KHz. 
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Figure 1: An example of misalignment between SFI monitoring periodicity and concatenated DL/UL assignment
It can be observed that the DCI 2_0 monitoring occasions coincide with different slot indices for the UL-DL configuration given that one periodicity is not an integer multiple of the other. It is then up to the gNB to ensure that the slot format combinations signaled by DCI format 2_0 are aligned with the UL-DL configuration for each monitoring interval. 
3 Other open issues of search space design
3.1 Blind decoding complexity

In the last meeting, the blind decoding complexity was extensively discussed and the following working assumption was achieved:
Working assumption:

· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell

· FFS: cross-carrier scheduling

· FFS: wideband RS

· FFS: overbooking and/or nested structure

· FFS: exceptional case of CCE counting

· FFS: for case 2
One open issue is how to determine the UE channel estimation capability for case 2. The channel estimation capability of 48 CCEs may be not sufficient and should be enhanced. Assuming the periodicity is per two symbols, only 7 CCEs could be assumed for channel estimation if 48 CCEs are still applied which means AL 8 cannot be supported. In the most extreme case, i.e. UE need to monitor PDCCH every symbol, the number of CCEs should be 14*8=112 CCEs even if we assume only one AL is configured. Furthermore, if we take URLLC into account for which larger aggregation level is necessary, e.g. AL=16, the number of CCEs is even larger.
Proposal: For case 2, UE should support a higher channel estimation capability than case1-1 & case1-2 for a given slot per scheduled cell.
As noted in the working assumption, the upper limit of 48 CCEs is per scheduled cell. If a UE is configured to monitor PDCCH candidates in one serving cell for scheduling assignments on a different serving cell, the UE may be configured with different sets of search spaces for each scheduled cell. Therefore, the total number of channel estimates may increase depending on the mapping of search spaces to CORESETs. 

3.2 Search space design
In the last meeting, several agreements for search space were agreed and the frame work of search space configuration is almost complete. 
Based on the agreement a UE may be configured with a CSS where it monitors for DCI formats 0_0/1_0 and one or more DCI formats of the 2_X family. There are two constraints for such a CSS:

· If DCI format 2_0 is monitored, at most two candidates of at the higher layer configured parameter, SFI-Aggregation-Level, are monitored for SFI.

· If DCI format 2_1 is monitored the search space monitoring periodicity is limited to the set {1, 2, 4} slots. 
One reason to support multiple DCI formats monitored in the same CSS is if the same payload size can be configured for all the DCI formats. This allows the same number of blind decodes across the CSS. However, as discussed in [2] it is desirable in some cases to limit the payload size for DCI format 2_0 to the minimum possible of roughly 12 bits. Therefore, if the CSS supports DCI 2_0 in addition to another DCI format at least two payload sizes are decoded within this CSS.  

Another open issue is how to select the one or two decoding candidates for DCI format 2_0 if the configured number of PDCCH candidates for the search space corresponding to SFI-Aggregation-Level is larger than the configured number of candidates for DCI format 2_0. From the set of candidates given by 
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in the search space equation for SFI-Aggregation-Level, the candidates corresponding to 
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are selected.
Proposal: The SFI is always transmitted on the first one or two PDCCH candidates within a common search space.
It was agreed to support AL = 16 for both common and UE-specific control signaling. However, the number of PDCCH candidates for each supported aggregation level in at least the Type0 common search space is still waiting to be confirmed. The following working assumption gave the preliminary number of PDCCH candidates for each AL:
Working assumption:

· For PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:

· 4 candidates for AL = 4 

· 2 candidates for AL = 8

· DCI size for RMSI scheduling and DCI size for OSI scheduling are the same

· FFS: Paging and fallback

4 candidates for AL =4 and 2 candidates for AL = 8 is a good tradeoff between the BD complexity and PDCCH capacity. One AL 16 candidate consists of 16 CCEs which occupy 96 RBs which would be mapped to CCE 0 to 15 taking up the same region as the four AL candidates and two AL8 candidates. It is sufficient and will not introduce excessive CORESET bandwidth.
Proposal: Confirm the following working assumption with addition of AL = 16
Working assumption:

· For PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:

· 4 candidates for AL = 4 

· 2 candidates for AL = 8
· 1 candidates for AL = 16
In RAN1#90bis meeting, the following agreements were achieved for hash function for NR-PDCCH.
Agreements: 
· Take the same hash function of LTE EPDCCH as the hash function for NR-PDCCH

· Further refinements can be further considered till next meeting if necessary
The search space expression is a function of the monitoring occasion index to prevent consistent blocking in successive monitoring occasions. In LTE the hash parameter was incremented per subframe within a radio frame. A similar approach could be followed here where the hash parameter is incremented according to the number of monitoring occasions for the PDCCH numerology within a radio frame. 
Proposal: For the PDCCH search space function:
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· The monitoring occasion index 
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4 Conclusion
This contribution discussed several remaining details of the NR search space design. The main proposals are summarized below:
Proposal: For case 2, UE should support a higher channel estimation capability than case1-1 & case1-2 for a given slot per scheduled cell.
Proposal: The SFI is always transmitted on the first one or two PDCCH candidates within a common search space.
Proposal: Confirm the following working assumption with addition of AL = 16

Working assumption:

· For PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:

· 4 candidates for AL = 4 

· 2 candidates for AL = 8
· 1 candidates for AL = 16
Proposal: For the PDCCH search space function:
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· The monitoring occasion index 
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