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1 Introduction

In the contribution, we discuss some remaining aspects and provide correction in the specification on PDCCH CORESETs and search spaces.  
2 Requirements on max number of PDCCH BDs
During the RAN1 #91 meeting, the following was agreed w.r.t. characterization of PDCCH BD requirements for NR [1]:

Agreements:

· For information, the following cases are clarified:

· Case 1: PDCCH monitoring periodicity of 14 or more symbols

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

· The numbers in bracket in the following table can be further adjusted but not to be increased

· X<=16, Y<=8

· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2

	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]


In the above, Case 2 corresponds to the configurations in which the UE may be configured with multiple PDCCH monitoring occasions within a slot duration. In our view, the number of BDs in a slot duration would need to be split over the PDCCH monitoring occasions within the slot and UESS candidates are likely to be configured for monitoring in symbols beyond the first three OFDM symbols in a slot. 
Towards this, for Case 2, for SCS of 15kHz, X = 16 is based on the reasoning that up to 16 additional UESS candidates may be configured in addition to the 44 candidates for Cases 1-1 and 1-2 assuming a single DCI size (note DL and UL DCI formats are size-matched). With increasing SCS, the number of UEs to be scheduled in a slot duration would decrease, thereby making it feasible to split the BDs from the CORESET monitored at the beginning of the slot and those beyond the first three symbols of a slot. Thus, further scaling down of these 16 UESS candidates to Y = 8 for SCS = 30kHz and 60KHz would be a rational choice. 
Proposal 1:
· For maximum number of PDCCH BDs corresponding to Case 2, X = 16 and Y = 8.
One open issue is whether to define a Case 2’ with fewer number of BD candidates compared to Case 2. However, the benefits of such an approach to UE implementation may be limited since this would only limit the total number of BDs over a slot duration, while the UE would still need to support the increased complexity of handling multiple PDCCHs received within the same slot duration for multiple scheduled PDSCH/PUSCH. This involves a significant departure from the slot-based timing and handling of DCI triggers at slot-level periodicity of Case 1-1 or Case 1-2. In fact, for a UE that can support PDCCH monitoring periodicity < 14 symbols, it is likely that it can also support slightly larger number of BDs as the BDs are effectively distributed, albeit non-uniformly, over the slot duration.
Thus, assuming all other features remaining the same, it is of little benefit towards UE complexity reduction to define a Case 2’ where the only difference is in the number of BDs over slot duration.

Observation 1:

· There is no clear need for nor a significant reduction in UE complexity with Case 2’, which is same as Case 2 but with reduced number of BDs per slot.
In NR, the number of PDCCH BD candidates per AL is configured to the UE for a search space set. Currently, the RRC parameter for this signaling can range from 0 to 8 candidates for any AL 1 through 16. To avoid over-dimensioning of the UE implementation, as well as considering the practical use of different number of candidates at different ALs, it is important that the range of the number of candidates a UE can be configured to monitor for each AL is appropriately specified. This becomes true especially for high ALs like 8 and 16. Thus, we propose to limit the maximum number of candidates that a UE can be configured to monitor for ALs 8 and 16 to two. 
Proposal 2:

· The maximum number of candidates that a UE can be configured to monitor for ALs 8 and 16 is two.

Note that, in case a different hashing function with hierarchical search space and pseudo PDCCH candidates is defined, the above constraint would apply only to the number of actual PDCCH candidates the UE is configured to monitor.
3 On rate matching of PDCCH

In the latest version of TS38.213 specifications, Section 10 contains the following description:
	A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for transmission of SS/PBCH blocks in a serving cell. If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted and if REs for a PDCCH reception overlap with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1. If a UE has received SSB-transmitted and if REs for a PDCCH reception overlap with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted.


Currently, there is no rate-matching behavior explicitly defined/agreed for receiving PDCCH. Considering the NR PDCCH structure, it can be quite complex to define the rate-matching behavior and the current description of “receives the PDCCH by excluding REs…” is not sufficient since it does not clarify the handling of cases wherein a part of a REG or REG bundle is affected, etc. For PDCCH, it would be simpler and desirable to assume “dropping” of the affected candidates in case of collisions with other higher priority channels/signals like the SSB. In this regard, it may not even be necessary to specify any UE behavior since, in the worst case, the UE may monitor for some candidates that the gNB may never use to transmit PDCCH on the affected resources.

Based on this, we propose the following modification to the above-quoted description:  
Based on the discussions above, the draft text proposal is described as follows:
=== Start of text proposal for 38.213 v15.0.0 Subclause 10 ===

…


…
=== end of text proposal for 38.213 v15.0.0 Subclause 10 ===

Proposal 3:

· Remove the description of UE behavior alluding to a rate-matching-based approach for receiving PDCCH in case of overlap with SSB from Subclause 10 in TS 38.213.

4 Some further corrections to Subclause 10.1 of TS38.213

Following is quoted from Section 10.1 of TS38.213:

	The UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0-PDCCH common search space and the Type2-PDCCH common search space, and for corresponding PDSCH receptions, and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value for the DM-RS scrambling sequence initialization is the cell ID. 

…
A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space are quasi co-located with the DM-RS antenna port of the SS/PBCH reception associated with a corresponding PRACH transmission.


For better readability, it is proposed that the reference to Type1-PDCCH CSS is moved to the first paragraph and the second one be removed.

This is shown below:

=== Start of text proposal for 38.213 v15.0.0 Subclause 10.1 ===

…

The UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0-PDCCH common search space, Type0A-PDCCH common search space, and the Type2-PDCCH common search space, and for corresponding PDSCH receptions, and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value for the DM-RS scrambling sequence initialization is the cell ID. 

For Type0A-PDCCH common search space or for Type-2 PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace.

A subcarrier spacing and a CP length for PDCCH reception with Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space are same as for PDCCH reception with Type0-PDCCH common search space. 

…
=== end of text proposal for 38.213 v15.0.0 Subclause 10 ===

In Section 10.1 of TS38.213, for the following paragraph, it is recommended to change “PBCH” to “SS/PBCH” to be consistent with other references to SSB in the Subclause.

=== Start of text proposal for 38.213 v15.0.0 Subclause 10.1 ===

…

If the UE has not received an indication for an antenna port quasi co-location from the set of antenna port quasi co-locations provided by TCI-StatesPDCCH, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the DM-RS antenna port associated with SS/PBCH reception with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. 

…
=== end of text proposal for 38.213 v15.0.0 Subclause 10 ===

Proposal 4:

· Adopt the text proposals to Subclause 10.1 highlighted above for improved readability of the specs.

5 Conclusions

In this contribution, we discuss some remaining aspects and provide correction in the specification on PDCCH CORESETs and search spaces. We summarize our views as follows:
Observation 1:

· There is no clear need for nor a significant reduction in UE complexity with Case 2’, which is same as Case 2 but with reduced number of BDs per slot.
Proposal 1:

· For maximum number of PDCCH BDs corresponding to Case 2, X = 16 and Y = 8.
Proposal 2:

· The maximum number of candidates that a UE can be configured to monitor for ALs 8 and 16 is two.

Proposal 3:

· Remove the description of UE behavior alluding to a rate-matching-based approach for receiving PDCCH in case of overlap with SSB from Subclause 10 in TS 38.213.

Proposal 4:

· Adopt the text proposals to Subclause 10.1 highlighted above for improved readability of the specs.
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