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1. [bookmark: _Toc120549591]Introduction
The following agreement for CORESET#0 was made in RAN1#93 as following [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.


The agreements about limits of BDs/CCEs for CA were discussed in RAN1 #93 meeting [1] as following,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


In this contribution, the TCI state configuration for CORESET#0 to support unicast PDSCH scheduling and the limit of BDs/CCEs for cross-carrier scheduling are discussed.
2. Discussion on TCI state configuration of CORESET#0
In RAN1#93, the following alternatives considering TCI state for CORESET#0 were discussed.
· Alternative 1: Clarify that broadcast PDCCH uses selected SSB as QCL source for receiving broadcast data and that configured TCI states for CORESET #0 are used for reception of unicast data scheduled by PDCCH on search spaces other than SS#0
· Alternative 1’: TCI state can be configured for CORESET #0 where the QCL reference is only an SSB. Once TCI state is configured for CORESET #0, the UE follows QCL assumption based on the TCI state configuration for both broadcast PDCCH and unicast PDCCH in the search space set(s) associated with the CORESET #0
· Alternative 2: CORESET #0 is not RRC configured with TCI states. According to the agreement above, the selected SSB is used as the QCL reference for reception of both broadcast and unicast PDCCH transmitted in CORESET #0. The selected SSB is either (a) indicated explicitly to the UE by MAC-CE signalling. The MAC-CE message contains the ID of the selected SSB, or (b) determined by the UE through any contention based RACH procedure. The selected SSB is the most recent one between (a)MAC-CE and SSB selected as part of CBRA or CFRA(b). FFS: How to provide a reference to TRS for demodulation of PDSCH
· Alternative 3: Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established.
· Alternative 3’: Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established. Align 6 PRB grid b/w CORESET #0 and other CORESETs. CORESET other than #0 can be configured for unicast PDCCH so that same physical resource configuration with the CORESET #0 with dedicated TCI-state configuration. In this case, there is no need to configure TCI state on CORESET #0 itself.
Alt1 provides a more flexible TCI configuration for PDCCH scheduling unicast PDSCH than alt 1’ since the reference signal can be SSB or CSI-RS. However, the problem also comes from the flexibility. Supposing that the UE is configured with a USS associated with CORESET#0 taking CSI-RS as QCL reference, and the USS and broadcast PDCCH happen to be monitored in the same OFDM symbols, then UE will receive from CORESET#0 with both CSI-RS and SSB as QCL reference, which actually means two CORESET#0. It is hard for UE to do reception when analog beam is applied. To solve this problem, a). UE cannot be configured simultaneously monitoring of unicast and broadcast PDCCH on CORESET#0; b). The configured TCI states for unicast PDCCH also comes from SSB, which is similar to alt 1’. Even with solution a), UE will not monitoring CORESET#0 with different TCI state at the same time, but still CORESET#0 is associated with different TCI state at different montoring occations.
Alt1’ solves the conflict problems of alt.1 by restricting SSB as the QCL reference and applying the configured TCI state to both broadcast PDCCH and unicast PDCCH. RRC signalling needs to be modified to support TCI state for CORESET#0 since the current reconfiguration of CORESET#0 in PDCCH-ConfigCommon only reuse the 16 states in MIB and no TCI states are available. Then the MAC CE activation procedure for other CORESET can be reused. As to the TCI state pool, it is unlikely to configure many SSBs in the TCI state pool since the beams of UE will not change frequently in short time. Once the beam direction changes a lot, the TCI state pool can be reconfigured, so the impact on flexibility of configuring CSI-RS(s) in the TCI state pool may be negligible.
Similar to alt 1’, the QCL reference of Alt 2 comes only from SSB, but no RRC signalling is required. It means the TCI state of CORESET#0 is predefined with SSB as the QCL reference, and MAC CE is used to activate the current one. Since the current MAC-CE command indicates the TCI state identified by TCI-StateId, modification is needed. If alt 2 is adopted, TCI state of UE-specific PDCCH should be identified by SSB index other than TCI-StateId when CORESET ID is 0 in MAC CE. Another restriction of alt 2 is that without RRC modification for CORESET#0, it is impossible to configure TCI-PresentDCI for DCI format 1-1, that is because TCI-PresentDCI is a parameter configured per CORESET. Currently, CORESET#0 can be reconfigured in PDCCH-ConfigCommon with values 0~15 interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. No additional parameters are provided without RRC modification. According to current 38.214 section 5.1.5, when TCI-PresentDCI is not configured, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission, if the offset between the reception of the DL DCI and the corresponding PDSCH is no less than the threshold Threshold-Sched-Offset or if none of configured TCI states contains 'QCL-TypeD'. Otherwise, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are configured for the UE [2]. Therefore, TCI state for PDSCH can only use TCI state (which is restricted to SSB) for PDCCH in CORESET#0 if no 'QCL-TypeD' is configured or the offset is larger than threshold, which means the transmission flexibility or demodulation performance of PDSCH scheduled by DCI format 1-1 is reduced.
Alt 3 and 3’ are not align with the agreements of “Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0.”, and they cannot solve the problem of limited CORESETs number, so they are not preferred.
Based on the analysis above, and the agreements state that “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”, alt 1’ and 2 give unified solution for both non-broadcast PDCCH and broadcast PDCCH. Both have some specification effort:
· Alt.1’, RRC configuration modification, including TCI state for CORESET#0, and tci-PresentInDCI field if needed to provide PDSCH transmission flexibility
· Alt.2, MAC CE command modification, to introduce TCI state indication by SSB index.
Considering that alt.2 cannot provide TCI indication for PDSCH transmission, alt 1’ is slightly prefered.
Proposal 1: TCI state is configured for CORESET #0 where the QCL reference is only an SSB. Once TCI state is configured for CORESET #0, the UE follows QCL assumption based on the TCI state configuration for both broadcast PDCCH and unicast PDCCH in the search space set(s) associated with the CORESET #0.
3. The limit of BDs/CCEs for cross-carrier scheduling with different numerologies 
In last RAN1 #93 meeting, the agreements about limit of BDs/CCEs of CA scenario were discussed [1]. There are three remaining scenarios of cross-carrier scheduling have not been discussed.
Scenario 1. The scheduling cell and scheduled cells have the same numerology and UE report blind decoding capability is smaller than DL-CCs.
In last RAN1 #93 meeting, the scenario which scheduling cell and scheduled cell have the same numerology and the UE report blind decoding capability is larger than number of DL-CCs was discussed. In this scenario 1, the total number of BDs/CCEs is smaller than (the number of DL-CCs) x (the limit of BDs/CCEs for non-CA case), and the limit of BDs/CCEs should be scaled according to the UE report blind decoding capability. That is, the limit of BDs/CCEs of the scheduling CC per slot is:
Floor{the number of CCs schedulable by the scheduling CC * the limit of BDs/CCEs for non-CA case * y / T}.
Where y is the UE report blind decoding capability and T is the number of total DL-CCs.
Proposal 2: 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 more than 4 and 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 Floor{the number of CCs schedulable by the scheduling CC * the limit of BDs/CCEs for non-CA case * y / T}.

Scenario 2. The scheduling cell and scheduled cells have different numerologies and DL-CCs is up to 4 or UE report blind decoding capability is equal with or larger than DL-CCs.
In last meeting, in the cross-carrier scheduling scenario where scheduling cell and scheduled cell has a same numerology and y>=T, the limit of BDs/CCEs is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case). Considering that UE’s BD/CCE capability is highly related to the numerology of scheduling carrier, it is desirable to define BD/CCE capability based on the numerology of scheduling carrier. In this case, no matter the numerology difference between scheduling cell and scheduled cell, the limit of BDs/CCEs is always based on the numerology of scheduling cell, which is a simple way for gNB to configure PDCCH and for UE to report blind decoding capability and monitor PDCCH.
In this scenario 2, there are two different cases shown in Fig 1.


Fig 1. Cross-carrier scheduling with different numerologies
Case 1. The numerology of scheduling cell is smaller than scheduled cell as in Fig 1(A)
In this case, one slot in scheduling cell is corresponding to multiple slots in schedule cell. In case that the scheduling cell and scheduled cell are both 15kHz, the limit of BDs is 44+44 for scheduling cell per slot. That means UE has the capability to decode total 44+44 PDCCH candidates in the scheduling cell already. Even though the numerology of scheduling cell and scheduled cell is different as in Fig 1(A), UE could keep this capability stable. 
Case 2. The numerology of scheduling cell is larger than scheduled cell as in Fig 1(B)
In this case, multi slots in scheduling cell are corresponding to one slot in scheduled cell. Although the non-CA limit of BDs/CCEs of 15kHz is larger than 30kHz, because the PDCCH is monitored in scheduling cell with the numerology of 30kHz, and the UE has the capability of total decode 36+36 PDCCH candidates in scheduling cell in case of same numerology. That is the BDs limit is 36+36 for scheduling cell per slot in Fig 1(B). 
In conclusion, in the scenario 2 where scheduling cell and scheduled cell have different numerologies and UE reports a blind decoding capability larger than number of DL-CCs, the limit of BDs/CCEs of scheduling cell per slot is calculated as: (the number of CCs scheduled by the scheduling CC) x (the limit of BDs/CCEs for non-CA case with the numerology of the scheduling CC)
Scenario 3. The scheduling cell and scheduled cells have different numerologies and UE report blind decoding capability is smaller than DL-CCs.
In the above discussion, we prefer the limit of BDs/CCEs of the scheduling cell per slot is based on the numberology of the scheduling cell. In this scenario 3, the total number of BDs/CCEs is due to the UE report blind decoding capability, the limit of BDs/CCEs of scheduling cell with the numerology i can be calculated similar to the self-scheduling scenario with different numerologies as this:
Floor{Yi / (Y0 + Y1 + Y2 + Y3) * (the limit of BDs/CCEs for non-CA case of the scheduling CC with the numerology i) * y}
•	Yi is the number of CCs scheduled by the scheduling CCs with the numerology i
•	y is the UE report blind decoding capability.
Proposal 3: For cross-carrier scheduling where the scheduling CC and the CCs schedulable by the scheduling CC have different numerologies,
· When 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 scheduled by the scheduling CC) x (the limit of BDs/CCEs for non-CA case with the numerology of the scheduling CC)
· When the number of DL-CCs is more than 4 with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs of the scheduling CCs per slot with the numerology i is: Floor{Yi / (Y0 + Y1 + Y2 + Y3) * (Mi or Ni) * y}
· Where Yi is the number of CCs scheduled by the scheduling CCs with the numerology i
· Where Mi and Ni represent the number of BDs and CCEs per slot specified for non-CA case of the numerology i, respectively

4. Conclusions
In this contribution, the TCI state configuration for CORESET#0 and the limit of BDs/CCEs for cross-carrier scheduling are discussed, and the following proposal is made.
[bookmark: _GoBack]Proposal 1: TCI state is configured for CORESET #0 where the QCL reference is only an SSB. Once TCI state is configured for CORESET #0, the UE follows QCL assumption based on the TCI state configuration for both broadcast PDCCH and unicast PDCCH in the search space set(s) associated with the CORESET #0.
Proposal 2: 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 more than 4 and 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 Floor{the number of CCs schedulable by the scheduling CC * the limit of BDs/CCEs for non-CA case * y / T}.

Proposal 3: For cross-carrier scheduling where the scheduling CC and the CCs schedulable by the scheduling CC have different numerologies,
· When 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 scheduled by the scheduling CC) x (the limit of BDs/CCEs for non-CA case with the numerology of the scheduling CC)
· When the number of DL-CCs is more than 4 with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs of the scheduling CCs per slot with the numerology i is: Floor{Yi / (Y0 + Y1 + Y2 + Y3) * (Mi or Ni) * y}
· Where Yi is the number of CCs scheduled by the scheduling CCs with the numerology i
· Where Mi and Ni represent the number of BDs and CCEs per slot specified for non-CA case of the numerology i, respectively
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