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In last meeting [1], RAN2 made the following agreements about unified TCI framework.
	· RAN2 to conclude ““Joint DL/UL TCI” means that there is one TCI state ID for each codepoint, while “separate DL/UL TCI” means that there is one or two TCI state IDs for each codepoint.”
· RAN2 agrees on Separate TCI state lists for joint/DL and UL in PDSCHConfig and UL BWP, respectively, and separate Id pools.
· RAN2 assumes that unified TCI state related parameters for DL and Joint is implemented in IE PDSCH-Config.
· RAN2 assumes UL TCI state is in UL BWP-Dedicated IE
· RAN2 continues discussing MAC CE design for joint and separate TCI state operation as well as the UL/DL BWP association


In this contribution, we provide our views on the design MAC CE for Unified TCI states Activation/Deactivation, which is left open in the running MAC CR [2] (Sec. 5.18.YY and 6.1.3.CC). 
Discussion
Overall structure of unified TCI framework
The unified TCI framework operates in a manner similar to PDSCH TCI states in Rel-15/16 TCI frameworks. First, RRC configures one or multiple candidate TCI states. Then MAC CE may activate up to 8 candidate TCI states, one of which can then be indicated via DCI. The indicated TCI state will be used for PxCCH and PxSCH, and optionally for SRS and CSI-RS.
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Figure 1.	Overall structure of Rel-17 unified TCI
MAC CE for TCI state activation
1.1.1 Joint DL/UL TCI operation
As agreed by RAN2, “Joint DL/UL TCI” means that there is one TCI state ID for each codepoint. For joint DL/UL TCI operation, the TCI state activation/deactivation MAC CE may carry the serving cell ID, BWP ID, and a list of TCI states. 
Observation 1:	For joint DL/UL TCI operation, the TCI state activation MAC CE may carry the serving cell ID, BWP ID, and a list of TCI states.
Our proposed MAC CE format is shown below.


Figure 2.	TCI state activation/deactivation MAC CE for joint DL/UL TCI operation
We suggest that RAN2 adopt the MAC CE in Figure 2 for activation/deactivation of joint DL/UL TCI states.
Proposal 1:	Adopt the MAC CE in Figure 2 for activation/deactivation of joint DL/UL TCI states.
1.1.2 Separate DL/UL TCI operation
RAN2 agreed that “separate DL/UL TCI” means that there is one or two TCI state IDs for each codepoint. For separate DL/UL TCI, the TCI state activation MAC CE may be more complicated. In addition to serving cell ID, BWP ID, and TCI state IDs, the MAC CE also needs to provide the following information:
· Is a TCI state ID for DL or UL?
· Does a codepoint represent a DL TCI state, a UL-only TCI state, or a pair of DL and UL TCI states?
Observation 2:	For separate DL/UL TCI operation, in addition to serving cell ID, BWP ID, and TCI state IDs, the MAC CE also needs to provide the following information: 
· Is a TCI state ID for DL or UL?
· Does a codepoint represent a DL TCI state, a UL-only TCI state, or a pair of DL and UL TCI states?
Our proposed MAC CE format is shown below, in which the following extra fields are introduced:
· D/U: This bit indicating whether the TCI state ID in the same octet is for DL (0) or UL (1)
· SC (Same Codepoint): This bit exists only in octets containing UL TCI state IDs (D/U=1). If the bit is set (SC=1), the UL TCI state ID belongs to the same codepoint as the (DL) TCI state ID in the previous octet (that is, the codepoint represents a pair of DL and UL TCI states); otherwise, the codepoint represents only a UL TCI state. 


Figure 3.	TCI state activation/deactivation MAC CE for separate DL/UL TCI operation
We suggest that RAN2 adopt the MAC CE in Figure 3 for activation/deactivation of separate DL/UL TCI states.
Proposal 2:	Adopt the MAC CE in Figure 3 for activation/deactivation of separate DL/UL TCI states.
To explain how the MAC CE works, consider the TCI codepoint example in [3].
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Figure 4.	TCI codepoint example for separate beam indication [3]
The corresponding MAC CE is shown below.


Figure 5.	MAC CE content for the example in Figure 4
As shown in the above example, the MAC CE allows a TCI codepoint to represent a single DL TCI state (Codepoint 0, 1), a pair of DL and UL TCI states (Codepoint 2 to 5), or a single UL TCI state (Codepoint 6, 7).
1.1.3 UL/DL BWP Association
To support Joint DL/UL TCI, UE needs a rule to find associate UL BWP for a given DL BWP. Therefore, we need to introduce link between DL and UL BWP IDs. For example, we can simply have an association that DL BWP ID = UL BWP ID (i.e., a DL BWP from the set of configured DL BWPs with index provided by BWP ID is linked with an UL BWP from the set of configured UL BWPs with index provided by BWP ID).
For separate DL/UL TCI, in the proposed MAC CE formats shown above, we have only 2 bits for BWP ID field. In TDD, a UE can be configured with 4 BWP ID pairs, so it’s enough to have 2 bits. However, in FDD, it is possible that DL BWP ID and UL BWP ID are different. We have two options:
· Option 1: Add a field for UL BWP ID
· Option 2: Introduce link between DL and UL BWP IDs
Option 1 requires an additional byte with 6 reserved bits. Option 2 makes network configuration less flexible, but it is a reasonable configuration, and allows more concise MAC CE format. We may have some discussions in RAN2.
Proposal 3:	For joint DL/UL TCI, introduce a link between DL and UL BWPs with the same index, and the BWP ID in TCI state activation/deactivation MAC CE applies to both DL and UL.
Proposal 4:	For separate DL/UL TCI, choose between (1) Add a field for UL BWP ID, and (2) Introduce link between DL and UL BWP IDs.
Conclusion
This contribution discussed operations of Rel-17 unified TCI frameworks, from RAN2 perspectives. We have the following observations:
Observation 1:	For joint DL/UL TCI operation, the TCI state activation MAC CE may carry the serving cell ID, BWP ID, and a list of TCI states.
Observation 2:	For separate DL/UL TCI operation, in addition to serving cell ID, BWP ID, and TCI state IDs, the MAC CE also needs to provide the following information: 
· Is a TCI state ID for DL or UL?
· Does a codepoint represent a DL TCI state, a UL-only TCI state, or a pair of DL and UL TCI states?
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Adopt the MAC CE in Figure 2 for activation/deactivation of joint DL/UL TCI states.
Proposal 2:	Adopt the MAC CE in Figure 3 for activation/deactivation of separate DL/UL TCI states.
Proposal 3:	For joint DL/UL TCI, introduce a link between DL and UL BWPs with the same index, and the BWP ID in TCI state activation/deactivation MAC CE applies to both DL and UL.
Proposal 4:	For separate DL/UL TCI, choose between (1) Add a field for UL BWP ID, and (2) Introduce link between DL and UL BWP IDs.
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