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1. Introduction

In this contribution, we discuss QCL assumption determination for some cases when cross-carrier scheduling occurs. In WID for MR-DC and CA enhancements [1], some objectives are mentioned to follow as below. Enhancements on cross-carrier scheduling is also one of targeted objectives. In previous RAN1 meetings, RAN1 had some discussion on cross-carrier scheduling. However, due to limited time budget, some related design are made with scheduling limitation, e.g. default beam determination. In this contribution, we have more corresponding discussion on improving it. 
	1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]

· UE power control [RAN1]

· RRC signalling to support of enhanced NR-NR DC [RAN2]

· Core requirements to support enhanced NR-NR DC [RAN4]

Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 

2. Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode

· The impacts on UE power consumption should be minimized

· The LTE Rel-15 euCA work should be utilized, when applicable

3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode
4. Fast recovery: Support fast recovery of MCG link e.g. by utilizing the SCG link and split SRBs for recovery during MCG failure while operating under MR-DC. [RAN2, RAN3]
· This objective applies to MR-DC and NR-NR DC

5. Cross-carrier scheduling with different numerologies on the scheduling and scheduled carriers [RAN1, RAN2, RAN4]

· This objective applies to CA only.

· Target completion by RAN#84.

6. Study and, if found beneficial over the existing single Tx switched uplink solution, specify enhancements to single Tx switched uplink solution for EN-DC, such as allowing all DL and UL subframes for data transmission for both NR and LTE. [RAN1].

Note: UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG


2. Discussion
In RAN1 #95 [2], we have the following agreement related to QCL assumption for cross-carrier scheduling. 
	RAN1 #95

Agreement

· For cross carrier scheduling, Tci-PresentInDCI has to be always enabled

· For cross-carrier scheduling with tci-PresentInDCI being enabled for a DCI format 1_1, the scheduling timing offset cannot be smaller than the threshold

· Above two bullets apply in case the scheduled carrier is in FR2

· The first bullet applies for both FR1 and FR2
· The first two bullets apply only for CORESET associated for cross carrier scheduling 



Following this agreement, when network  transmits scheduling DCI for DL data in scheduled carrier in FR2, network shall always include TCI field in the scheduling DCI. This also implies that in scheduling carrier, for a CORESET associated with cross carrier scheduling, the CORESET is always configured with ‘tci-PresentInDCI’ as 'enabled'. In addition, the scheduling offset between the scheduling DCI and DL data in scheduled carrier is always above the threshold reported by UE. 
However, the agreement in certain level imposes scheduling limitation for network to perform cross-carrier scheduling. Since a CORESET associated with cross-carrier scheduling may be also used to perform self-scheduling in scheduling carrier, this agreement forces network to always indicate TCI state when using this CORESET to schedule data in scheduling carrier (i.e. self-scheduling).  For some types of data service needed to be scheduled by DCI format 1_1, three bit TCI field is always there, which may be not necessary and also increase code rate. 
Observation 1: Limitation on beam indication is observed when network performs cross-carrier scheduling.  
In order to address this limitation and increase flexibility for beam indication for cross-carrier scheduling and self-scheduling, two following options are recommended. 
Option 1: TCI field is always present in DCI scheduling DL data in scheduled carrier. 

Option 2: a default beam is defined for cross-carrier scheduling in Rel-16. 

For Option 1, TCI field is always present in DCI scheduling DL data in scheduled carrier no matter whether  ‘tci-PresentInDCI’ is configured for the CORESET associated with cross-carrier scheduling. This Option provides the flexibility for network to choose if to indicate TCI field in a DCI, which is intended for self-carrier scheduling and transmitted via the CORESET. 
For Option 2, ‘tci-PresentInDCI’ is allowed to be not configured for the CORESET associated with cross-carrier scheduling. A default beam can be defined when ‘tci-PresentInDCI’ is not configured for the CORESET. For determining the default beam, a general solution should be provided. No matter which one solution or default beam is provided, the applied TCI state should be pointed to activated TCI states for scheduled carrier. Hence, we propose if TCI field is not present in the scheduling DCL, UE assumes PDSCH in scheduled carrier is always received via one TCI state in activated subset of TCI state for receiving PDSCH in scheduled serving cell. One example is the TCI state with the lowest TCI state ID for receiving PDSCH in scheduled carrier. 
Proposal 1: RAN 1 to down-select the following two options for beam indication for cross-carrier scheduling: 
· Option 1: TCI field is always present in DCI scheduling DL data in scheduled carrier

· Option 2: ‘tci-PresentInDCI’ is allowed to be not configured for a CORESET associated with cross-carrier scheduling. 
· When ‘tci-PresentInDCI’ is not configured for the CORESET, UE receives scheduled PDSCH via a default beam, which follows the TCI state with the lowest TCI state ID activated for receiving PDSCH in scheduled carrier. 

3. Conclusion

According to the discussion mentioned above, we have the following proposals. 
Observation 1: Limitation on beam indication is observed when network performs cross-carrier scheduling.  

Proposal 1: RAN 1 to down-select the following two options for beam indication for cross-carrier scheduling: 

· Option 1: TCI field is always present in DCI scheduling DL data in scheduled carrier

· Option 2: ‘tci-PresentInDCI’ is allowed to be not configured for a CORESET associated with cross-carrier scheduling. 
· When ‘tci-PresentInDCI’ is not configured for the CORESET, UE receives scheduled PDSCH via a default beam, which follows the TCI state with the lowest TCI state ID activated for receiving PDSCH in scheduled carrier. 
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