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1. INTRODUCTION
In RAN2#116bis meeting email discussion [AT116bis-e][016] [1], MAC CE impacts regarding feMIMO has been discussed and agreements have been made regarding supporting PHR reporting for mTRP PUSCH:
	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 continues discussing MAC CE design for joint and separate TCI state operation as well as the UL/DL BWP association 



In this contribution, we further discuss details of TCI state MAC CE design for joint/separate TCI states.
2. DISCUSSION
New TCI state MAC CE design
According to RAN1 conclusion, a UE could be configured with both joint and separate DL/UL TCI state and which configuration to apply is based on RRC signalling. Since the UE could be either operating in joint or separate DL/UL TCI state at a time based on RRC signalling, it is easier to design two separate MAC CE structures to handle joint and separate TCI state scenarios. 
Proposal 1: 	Design a new TCI state MAC CE format for UE operating in joint TCI state and another new TCI state MAC CE format for UE operating in separate TCI state.
To provide two MAC CE format to handle joint and separate TCI states, one simple way is to introduce two MAC CEs and assign two different LCIDs to distinguish between the two. On the other hand, since a UE can be operating in either joint or separate TCI state at a given time, the UE only needs to decode one of the either MAC CE format at a time. Then, it is also feasible to use the same LCID for the two MAC CE formats, and the UE can determine which MAC CE format to decode based on RRC configuration/network indication.
Proposal 2: 	RAN2 decides whether to use same or different LCIDs for handling joint and separate TCI state MAC CE formats.
UL/DL BWP association 
In a unified TCI state activation MAC CE, a UE can be indicated to map DL and UL TCI states to TCI code points of DL and UL BWPs, respectively. In the legacy TCI state activation/deactivation MAC CE, only one BWP id is indicated. The UE could apply the TCI state activation to both the DL BWP and the UL BWP of the same BWP id on a Serving Cell with unpaired spectrum.
Proposal 3: 	For a Serving Cell with unpaired spectrum, TCI states indicated by joint/separate TCI state MAC CE are activated for both DL BWP and UL BWP of the same BWP id indicated by the MAC CE.
However, a UE can have active UL BWP and DL BWP with different BWP ids on a Serving Cell with paired spectrum. If only one BWP id is indicated in the MAC CE, it is not clear for the UE to determine which DL and UL BWPs to apply the mapping between TCI states and TCI code points indicated in the MAC CE.
For the UE to determine which BWP(s) to apply the MAC CE instructions on a Serving Cell with paired spectrum, one of the below operations can be considered:
· Option 1: unified TCI state MAC CE includes one BWP id.
· Option 1a: the UE applies the TCI state activation to DL BWP of the BWP id and all UL BWPs of the UE in the Serving Cell.
· Option 1b: the UE applies the TCI state activation to the DL BWP of the BWP id and the active UL BWP.
· Option 2: unified TCI state MAC CE includes two BWP ids indicating a DL BWP and a UL BWP.
· The UE applies the TCI state activation/deactivation to the indicated DL BWP and indicated UL BWP.
· Option 3: unified TCI state MAC CE does not include BWP id.
· The UE applies the TCI state activation for all DL and UL BWPs of the UE.
Option 1a is feasible with the assumption that same beams could be applicable to different UL BWPs of the Serving Cell. Option 1b may result in UL interruption after UL BWP switching in order to activate TCI states for the newly activated UL BWP. Therefore, option 1b is not preferred. Option 2 provides the same level of flexibility as legacy but would cause more signaling overhead. Option 3 is feasible with the assumption that same beams could be applicable to different DL/UL BWPs of the Serving Cell. Whether option 1a or 3 is feasible for different Serving Cells may require network determination.
Proposal 4: 	For a Serving Cell with paired spectrum, RAN2 selects from one of the options handling UL/DL BWP association for unified TCI state MAC CE 
· Option 1: unified TCI state MAC CE includes one BWP id.
· Option 1a: the UE applies the TCI state activation to DL BWP of the BWP id and all UL BWPs of the UE in the Serving Cell.
· Option 1b: the UE applies the TCI state activation to the DL BWP of the BWP id and the active UL BWP.
· Option 2: unified TCI state MAC CE includes two BWP ids indicating a DL BWP and a UL BWP.
· The UE applies the TCI state activation/deactivation to the indicated DL BWP and indicated UL BWP.
· Option 3: unified TCI state MAC CE does not include BWP id.
· The UE applies the TCI state activation for all DL and UL BWPs of the UE.

Joint TCI state MAC CE design
Following discussion is based on the assumption that one BWP ID is indicated in the unified TCI state MAC CE. 
For joint DL/UL TCI state, there would be only one TCI state id for each code point (i.e. joint DL/UL TCI state). An example of MAC CE for joint TCI state is Figure 1. Each octet except the first octet (with serving cell and BWP information) contains a Joint TCI state ID (7 bit). Each code point is associated with corresponding joint TCI state ID based on the TCI state IDs’ order in the MAC CE. In the example, the first code point corresponds to the Joint TCI state ID in the 2nd octet in the MAC CE, the second codepoint corresponds to the Joint TCI state ID in the 3rd octet, etc. 


Figure 1. Example of Joint TCI state activation MAC CE
Proposal 5: 	In joint TCI state MAC CE, each Joint TCI state ID maps to one code point based on its position among all the Joint TCI state IDs in the MAC CE.

Separate TCI state MAC CE design
For separate DL/UL TCI state, there could be one or two TCI state ids for a code point (i.e. DL only, UL only, or DL+UL TCI states). An example of MAC CE for Separate TCI state is Figure 2. To indicate if each code point contains one or two TCI state id, the first octet in the MAC CE contains 8 bits of N fields. For example, the N field being set to 1 indicates that corresponding code point has two TCI state ids (two octet) and being set to 0 indicates the code point has one TCI state id (1 octet). For a octet containing a TCI state ID, a D/U field could be used indicate whether the corresponding TCI state ID is associated with a UL or DL TCI state. D/U field being set to 0 indicates that the TCI state ID is associated with UL TCI state, which takes 6 (least significant) bits of the octet, and the second bit of octet is a reserve bit. When D/U field is set to 1 indicates that the TCI state ID is associated with DL TCI state, which takes 7 bits of the octet.


 
Figure 2. Example of Separate TCI state activation MAC CE

Proposal 6: 	Separate TCI state MAC CE contains a bitmap indicating each code point has one or two TCI state ids. And a D/U field before a TCI state ID indicates that the TCI state ID is a DL or UL TCI state.
Proposal 7: 	Adopt Figure 1 and Figure 2 as baseline for designing new unified TCI state MAC CE format for joint and separate TCI state.
3. CONCLUSION
We have the following proposals for MAC CE format design for joint/separate TCI state:
Proposal 1: 	Design a new TCI state MAC CE format for UE operating in joint/DL TCI state and another new TCI state MAC CE format for UE operating in separate TCI state.
Proposal 2: 	RAN2 decides whether to use same or different LCIDs for handling joint and separate TCI state MAC CE formats.
Proposal 3: 	For a Serving Cell with unpaired spectrum, TCI states indicated by joint/separate TCI state MAC CE are activated for both DL BWP and UL BWP of the same BWP id indicated by the MAC CE.
Proposal 4: 	For a Serving Cell with paired spectrum, RAN2 selects from one of the options handling UL/DL BWP association for unified TCI state MAC CE
· Option 1: unified TCI state MAC CE includes one BWP id.
· Option 1a: the UE applies the TCI state activation to DL BWP of the BWP id and all UL BWPs of the UE in the Serving Cell.
· Option 1b: the UE applies the TCI state activation to the DL BWP of the BWP id and the active UL BWP.
· Option 2: unified TCI state MAC CE includes two BWP ids indicating a DL BWP and a UL BWP.
· The UE applies the TCI state activation/deactivation to the indicated DL BWP and indicated UL BWP.
· Option 3: unified TCI state MAC CE does not include BWP id.
· The UE applies the TCI state activation for all DL and UL BWPs of the UE.
Proposal 5: 	In joint TCI state MAC CE, each Joint TCI state ID maps to one code point based on its position among all the Joint TCI state IDs in the MAC CE.
Proposal 6: 	Separate TCI state MAC CE contains an octet indicating each code point has one or two TCI state ids. Each octet contains a bit indicating the corresponding TCI state ID is a DL or UL TCI state.
Proposal 7: 	Adopt Figure 1 and Figure 2 as baseline for designing new unified TCI state MAC CE format for joint and separate TCI state.
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