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1 Introduction
The following were agreed in previous meetings [1]. 
Agreements:

Update previous agreements as follows:

· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH and for broadcast PDCCH
· Solutions FFS

· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes

· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0

Agreements:

· For following, regardless of whether one or more numerologies, the limit of BDs/CCEs per CC per slot is equal to the limit of BDs/CCEs for non-CA case.

· Self-scheduling with up to 4 DL-CCs

· Self-scheduling with up to T DL-CCs where the UE reports BD capability of y >= T

· y is integer from (4, …, 16)

· T is integer from (1, .., 16)

· For cross-carrier scheduling where the scheduling CC and all the CCs schedulable by the scheduling CC have the same numerology and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs of the scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)

· Note: this is inline with the previous agreements at RAN1#92bis meeting

Agreements:

· For self-scheduling with the same numerology or different numerologies, and the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, network ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 

Agreements:

· For self-scheduling with same numerology, and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per CC per slot is

· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.

· For SCell, NW ensures no overbooking based on non-CA case occurs.
Agreements:

· For UE BD capability reporting y = integer(4, …, 16), at least for self-scheduling,

· For UE not supporting CA with different numerologies, the reported value equally applies to all numerologies

· (Working assumption) For UE supporting CA with different numerologies, 

· When the UE is configured with CA with the same numerology, the reported value applies

· When the UE is configured with CA with different numerologies, the reported value applies to each set of DL-CCs with the same numerology, i.e.:

· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i, the limit total number of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i

· Where Mi and Ni represent the number of BDs and CCEs per slot specified for non-CA case, respectively

· Note: some of the values of Xi may be zero depending on the CA configuration

· For each CC, the non-CA limit still applies

· FFS the impact of BWP, if any
This contribution considers remaining issues on PDCCH.
2 Remaining issues on PDCCH and search space
2.1 Limit of BDs/CCEs
Issue#1) The limit of BDs/CCEs for cross-carrier scheduling with mixed numerologies
When the UE is configured with CA with same/different numerologies for self-scheduling, the reported BD capability (Ncap) applies to each set of DL-CCs with same numerology. The resulting total limit of BDs and non-overlapping CCEs (BDs/CCEs) for the cells configured with numerology μ is determined based on the following equation.
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In addition, the limit of BDs/CCEs per each CC is equal to the limit of BDs/CCEs for non-CA case. An example is illustrated in Figure 1 where the total limit of BDs for the cells per SCS and limit of BDs per CC are described for Ncap=4, N0=3, N1=2, N2=1, and Ntotal=6.
The above rule can also apply to the case of cross-carrier scheduling with same numerology.
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Figure 1. Example of calculation of the limit of BDs for self-scheduling case where Ncap=4.
How to determine the limit of BDs/CCEs for cross-carrier scheduling with different numerologies is an open issue. During the previous meeting, the following possible alternatives were discussed. 
Alt 1) Based on the SCS of the scheduled cell

Alt 2) Based on the SCS of the scheduling cell

Alt 3) Based on the SCS of the scheduling/scheduled cells with a scaling factor
Alt 1 seems difficult to apply when a scheduling cell schedules a number of cells. Instead, Alt 2 can be a good and simple alternative to determine the limit of BDs/CCEs. However, for Alt 2, a concern is the limitation in scheduling flexibility. Figure 2 shows two examples for cross-carrier scheduling with different numerologies. Assuming that CC#1 that uses 15kHz SCS schedules CC#2 that uses 120kHz (Figure 1(a)), the total limit of BDs is 2 * 44 = 88 per slot (=1ms) for Alt 2. If self-scheduling is performed for CC#2, the limit of BDs is 160 (= 20 (per slot) * 8 (slots)) within 1ms. Therefore, the obtained limit of 88 BDs, based on the SCS of the scheduling cell may not be enough to achieve full scheduling flexibility for CC#2. On the other hand, Figure 1(b) shows a counter example, i.e., 120kHz SCS for a scheduling cell (CC#1) and 15kHz SCS for a scheduled cell (CC#2). With the counting rule of Alt 2, the total limit of BDs is 2 * 20 = 40 per slot (=0.125ms) and becomes 320 per 1ms. In this case, the limit of BDs is unnecessarily overestimated.
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Figure 2. Determination of the limit of BDs based on SCS of scheduling cell (Alt 1).
Alt 3 can be considered as a solution that balances the trade-offs of Alt 1 and Alt 2. Alt 3 considers both SCSs of scheduling cell and scheduled cells to determine the limit of BDs/CCEs for the group of cells configured with cross-carrier scheduling. To reflect the different number of BDs/CCEs for each of SCS properly, a scaling factor αμ can apply to the limit of BDs/CCEs of the scheduled cells with numerology μ, i.e., αμ*Mμ. The scaling factor αμ is defined as the ratio between SCS of scheduling cell and SCS of scheduled cell, i.e., 
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 where μ1 is the SCS of the scheduling cell and μ is the SCS of a cell scheduled by the scheduling cell. For example, if the SCS of a scheduling cell is 15kHz and the SCS of a scheduled cell is 30kHz, αμ=1/2(0-1)=2 is applied to the limit of BDs/CCEs for 30kHz (M1), so that 2*36=72. By applying the scaling factor, the limit of BDs/CCEs for the scheduled cells can be re-calculated based on the SCS of scheduling cell. To summarize, the total limit of BDs/CCEs for a group of cells configured by cross-scheduling (Mtotal,cross) can be determined by
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where 
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 is the number of cells with numerology μ in the set of cells configured with cross-carrier scheduling. Alt 3 can be apply per group of cells with cross-carrier scheduling. In other words, the total limit of BDs/CCEs is calculated per group of cells with cross-carrier scheduling and not per SCS. Therefore, the limits of BDs/CCEs for a group of cells configured with self-carrier scheduling and the other group of cells configured with cross-carrier scheduling should be calculated separately. Following the same rule as for self-carrier scheduling, the total limit of BDs/CCEs for the cells in a group of cells with self-carrier scheduling can be calculated by
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where 
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 is the number of cells with numerology μ in the set of cells configured with self-carrier scheduling. 
The scaling factor can apply to the limit of BDs/CCEs per CC in the same way. For example, if the limit of BDs/CCEs for non-CA case is Mμ for a cell with numerology μ, αμ*Mμ  applies to the limit of BDs/CCEs per CC for that cell if cross-carrier scheduling is configured. Here, the limit of BDs/CCEs per CC is applied per slot where the slot is the time unit corresponding to the slot of the scheduling cell.

An example is illustrated in Figure 3.

 
Figure 3. Determination of the limit of BDs/CCEs based on SCS of each cell with scaling factor (Alt 3).

Proposal 1: The limit of BDs/CCEs for a group of CCs configured with self-carrier scheduling and numerology μ is determined by
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where 
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 is the number of cells with numerology μ in the set of cells configured with self-carrier scheduling. The limit of BDs/CCEs for a group of cells configured with cross-carrier scheduling is determined by
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 is the number of cells with numerology μ in the set of cells configured with cross-carrier scheduling and 
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. The limit of BDs/CCEs per cell per slot with numerology μ is determined by 
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where the slot corresponds to the slot of the scheduling cell.

Issue#2) The limit of BDs/CCEs for multiple BWPs
The numerology of a CC follows the numerology of the activated BWP of the CC. Therefore, it is natural to determine the total limit of BDs/CCEs for the cells based on the SCS of the activated DL BWPs of the cells. One remaining minor issue is about the limit of BDs/CCEs during BWP switching time. It can be based on the SCS of either the old BWP or the new BWP – for the purposes of determining the number of BDs/CCEs among cells, the SCS of the old BWP can remain applicable until the new BWP is activated.
Proposal 2: The total limit of BDs/CCEs for a cell is determined based on the SCS of the activated BWP of the cell.
2.2 Beam switching for CORESET#0

For SSB/CORESET#0 switching for connected UE, the conventional BFR procedure can apply. The SSB selected for CORESET#0 can be included in beam failure detection RS set q0. When beam failure happens and the UE sends beam failure recovery request, the gNB would know that the SSB selected for CORESET#0 failed. Then the gNB can choose another SSB for the CORESET#0 and inform it to UE by higher layer signalling. As for re-indicating TCI state for “normal” CORESET configured by dedicated RRC, multiple TCI states for the BFR CORESET are configured in advance and one of the TCI states can be re-indicated by MAC CE. However, for CORESET#0, TCI states cannot be configured since CORESET#0 is configured by MIB. Instead, the gNB can directly indicate new SSB index for CORESET#0 by MAC CE, so that the UE can switch the previous CORESET#0 after beam failure to another CORESET#0 associated with the indicated SSB index. More details can be found in a companion contribution [2].
Proposal 3: A connected mode UE can be informed by MAC CE the SSB index for monitoring PDCCH in CORESET#0. 
2.3 CORESET#0 configuration
Issue#1: How to configure to monitor CORESET#0 in the active BWP other than initial BWP

As shown in Figure 4, a dedicated BWP (BWP#1) can be configured to fully overlap with the initial BWP. Under this configuration, if the gNB wants a UE to monitor CORESET#0 in BWP#1, a CORESET which is exactly the same with CORESET#0 needs to be configured by dedicated RRC signalling in BWP#1. However, the CORESET configuration fully aligned with CORESET#0 is impossible by using the current specification due to the 6-RB granularity of the frequency-domain allocation for an RRC configured CORESET. To make it possible, the frequency-domain allocation granularity can be changed to 1 RB but this requires RRC modification. Alternatively, the gNB can configure a dedicated CORESET with ID 0 in BWP#1 and the UE can then assume that the CORESET with ID 0 is as the CORESET#0 configured by MIB. However, this approach also does not follow the current specification that CORESET ID and BWP ID have a one-to-one mapping as described in [3] as below:
	ControlResourceSet field descriptions

	controlResourceSetId
Corresponds to L1 parameter 'CORESET-ID'. Value 0 identifies the common CORESET configured in MIB and in ServingCellConfigCommon. Values 1..maxNrofControlResourceSets-1 identify CORESETs configured by dedicated signalling. The controlResourceSetId is unique among the BWPs of a ServingCell.


When the initial BWP is regarded as one of the configured BWPs (when the number of configured BWPs is less than 4, the initial BWP is automatically included as one of the configured BWPs and has code point ‘00’ in BWP switching indicator.), the same CORESET ID (e.g. ID 0) in the initial BWP cannot be re-configured in BWP#1.

As another possible approach, the gNB can configure a dedicated CORESET with a reserved state (e.g., all zero state) for the frequency-resource allocation and the UE can then assume that the dedicated CORESET is the same with CORESET#0. This approach does not have any RRC impact.
Proposal 4: A UE can assume that a dedicated CORESET is the same as CORESET#0 if the CORESET is configured with all zeros for the frequency-domain resource allocation field.
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Figure 4. Example of BWP and associated CORESET configuration
2.4 Handling of CORESET-BFR

After a UE transmits BFR request, the UE starts to monitor a special CORESET (a.k.a CORESET-BFR) configured for receiving a corresponding BFR response. In the CORESET-BFR, the UE monitors DCI format(s) with CRC scrambled with C-RNTI. It is still an open issue whether or not the UE should continue monitoring PDCCH in CORESETs configured before beam failure. 

A UE can know a set of RSs for beam failure detection explicitly or implicitly as shown in Figure 6. A UE can be explicitly configured with a set 
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 of periodic CSI-RS resources by higher layer parameter (failureDetectionResources) as illustrated in Figure 6(a). If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set 
[image: image18.wmf]0

q

 to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective CORESETs as shown in Figure 6(b). 

In the first case (explicit configuration), the UE may not know the exact relationship between TCI states of CORESETs and CSI-RS resources configured for beam failure detection. Therefore, it would be safer for the to monitor PDCCH in all configured CORESETs including CORESET-BFR after beam failure is detected.

On the other hand, in the second case (implicit determination), the UE can know that the link quality of each CORESET is under the pre-defined threshold when beam failure is detected by the UE since the set 
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 is composed of the same RS sets of TCI states for the configured CORESETs. Therefore, it would be more efficient that the UE only monitors PDCCH in CORESET-BFR after a beam failure event occurs at least for minimizing meaningless UE operation in terms of blind decoding.

Proposal 5: When a beam failure event occurs, if a UE is not provided with higher layer parameter failureDetectionResources, the UE monitors PDCCH in the CORESET-BFR only; otherwise, the UE monitors PDCCH in all configured CORESETs including the CORESET-BFR.
If the UE monitors PDCCH in the CORESETs configured before the beam failure event together with the CORESET-BFR, the budget regarding the number of BDs/CCEs can be exceeded in a certain slot. To recover the link as soon as possible, the SS set configured in the CORESET-BFR should have the highest priority among all types of SS. 

Proposal 6: If a UE monitors PDCCH in the CORESETs configured before a beam failure event, including the CORESET-BFR, the SS set configured for CORESET-BFR has the highest priority among all SS sets.
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Figure 6. Examples of failureDetectionResources configuration, (a) explicit configuration for set 
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, (b) implicit determination for set 
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2.5 Editorial changes for SFI 

The following TP in TS38.213 is proposed to clarify the bit field size.

	11.1.1
UE procedure for determining slot format

…
A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes 
[image: image23.wmf](

)

é

ù

x

maxSFIinde

log

2

 bits where maxSFIindex is the maximum value of the values provided by corresponding higher layer parameters slotFormatCombinationId. A slot format is identified by a corresponding format index as provided in Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U' denotes an uplink symbol, and 'F' denotes a flexible symbol.


Proposal 7: Reflect the correction in the TP of Section 2.5 in Section 11.1.1 of TS38.213.
3 Conclusion

This contribution considered remaining issues for PDCCH and search space design. Following proposals were made:
Proposal 1: The limit of BDs/CCEs for a group of CCs configured with self-carrier scheduling and numerology μ is determined by
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where 
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 is the number of cells with numerology μ in the set of cells configured with self-carrier scheduling. The limit of BDs/CCEs for a group of cells configured with cross-carrier scheduling is determined by
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 is the number of cells with numerology μ in the set of cells configured with cross-carrier scheduling and 
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where the slot corresponds to the slot of the scheduling cell.

Proposal 2: The total limit of BDs/CCEs for a cell is determined based on the SCS of the activated BWP of the cell.
Proposal 3: A connected mode UE can be informed by MAC CE the SSB index for monitoring PDCCH in CORESET#0. 
Proposal 4: A UE can assume that a dedicated CORESET is the same as CORESET#0 if the CORESET is configured with all zeros for the frequency-domain resource allocation field.
Proposal 5: When a beam failure event occurs, if a UE is not provided with higher layer parameter failureDetectionResources, the UE monitors PDCCH in the CORESET-BFR only; otherwise, the UE monitors all of PDCCH in all configured CORESETs including the CORESET-BFR.
Proposal 6: If the UE monitors PDCCH in the CORESETs configured before a beam failure event, including the CORESET-BFR, the SS set configured for CORESET-BFR has the highest priority among all SS sets.
Proposal 7: Reflect the correction in the TP of Section 2.5 in Section 11.1.1 of TS38.213.
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