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1. Introduction
[bookmark: OLE_LINK1]In RAN2#122 meeting, RAN2 discussed unified TCI framework extension for multi-TRP, and achieved the progress as below [1].
	M-DCI based MTRP:
RAN2 confirm the following working assumption as an agreement:
Revise the legacy unified TCI state activation/deactivation MAC CE by adding a “CORESET Pool ID” field to support mDCI based mTRP operation.

S-DCI based MTRP:
For sDCI based mTRP operation using unified TCI state framework, introduce the new MAC CE, with the following high level design principles:
· If the signaling type of the unified TCI state configuration is configured by RRC (i.e. either joint DL/UL TCI state or separate DL/UL TCI state), it applies to both TRP (i.e., as configured by RRC for both TRPs).
The following information can be indicated by the MAC CE (for joint DL/UL TCI mode):
· if the unified TCI state is for one of the TRPs (i.e., 1st or 2nd) or for both TRPs,
· if  the indicated TCI codepoint consists of one TCI state, whether the indicated TCI state(s) is for the first or second TRP(s)
FFS for the separate DL/UL TCI mode. 


As above, RAN2 has confirmed the unified TCI state activation MAC CE design for mDCI-based mTRP using unified TCI framework,  and achieved some progress on sDCI-based mTRP when joint  TCI mode is configured.
In this contribution, we will focus on the discussion on sDCI-based mTRP when separate TCI mode is configured, and the unified TCI state activation/deactivation MAC CE for sDCI-based mTRP design. 
2. Discussions
2.1 Unified TCI state Activation/Deactivation for sDCI-based mTRP MAC CE 
In last meeting, RAN2 has agreed to introduce a new TCI state activation/deactivation MAC CE for sDCI-based mTRP operation using unified TCI state framework. Considering in R17, one one-octet eLCID is defined for unified TCI states Activation/Deactivation MAC CE. Besides, currently the indexes of 64-290 are reserved for one-octet eLCID for DL-SCH. So the same mechanism as unified TCI states Activation/Deactivation MAC CE can be reused for the new defined MAC CE for unified TCI state Activation/Deactivation for sDCI-based mTRP. i.e., one one-octet eLCID is defined for the unified TCI state Activation/Deactivation for sDCI-based mTRP MAC CE.
Proposal 1: One one-octet eLCID is defined for the unified TCI state Activation/Deactivation for sDCI-based mTRP MAC CE.
2.2 Design principles for separate DL/UL TCI mode
In last meeting, for joint DL/UL TCI mode, the following information was agreed to be indicated by the new MAC CE, but it is still FFS for separate DL/UL TCI mode.
	The following information can be indicated by the MAC CE (for joint DL/UL TCI mode):
· if the unified TCI state is for one of the TRPs (i.e., 1st or 2nd) or for both TRPs,
· if  the indicated TCI codepoint consists of one TCI state, whether the indicated TCI state(s) is for the first or second TRP(s)
FFS for the separate DL/UL TCI mode.


It has been agreed by RAN1 that if the separate DL/UL TCI mode is configured, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE), which means the new TCI state activation MAC CE should support that the TCI state(s) of one TRP or both two TRPs (i.e. up to 4 TCI state) can be mapped to a TCI codepoint in DCI.
In addition, similar as joint DL/UL TCI mode, besides to indicate the TCI state is mapping to with one or both of the TRP, if the indicated TCI codepoint consists of the TCI state(s) of one TRP, the new TCI state activation MAC CE should also support to indicate which TRP’s TCI state is activated.
Observation 1: Similar as the joint DL/UL TCI mode, for separate DL/UL TCI mode, the new MAC CE should indicate whether the TCI state is for one TRP or for both TRPs, and whether the TCI(s) is for the 1st or 2nd TRP.
Furthermore, if the separate DL/UL TCI mode is configured, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint, i.e. for separate DL/UL TCI mode, the following cases should be supported to be indicated by the new TCI state activation/deactivation MAC CE for each corresponding TRP: a DL TCI state, an UL TCI state, or a pair of DL and UL TCI states.
Observation 2: If separate DL/UL TCI model is configured, the new TCI state activation/deactivation MAC CE should support that each corresponding TRP maps to: a DL TCI state, an UL TCI state, or a pair of DL and UL TCI states.
Based on the above analysis, we propose:
Proposal 2: The following information can be indicated by the new MAC CE for separate DL/UL TCI mode:
- Whether the unified TCI state is for one of the TRPs (i.e., 1st or 2nd) or for both TRPs;
- When the indicated TCI codepoint consists of the TCI state(s) of one TRP, whether the indicated TCI state(s) is for the first or second TRP;
- Whether the activated TCI state(s) for a TRP is DL TCI state only, or UL TCI state only, or both DL and UL TCI states.
2.3 MAC CE format
Based on above proposals, we provide an initial design of the new TCI state activation/deactivation MAC CE as follows.


Figure 1 Unified TCI state Activation/Deactivation for sDCI-based mTRP MAC CE 
In above MAC CE, the details of Fi,j field and Si,j field are as follows,
· Fi,1: This field indicates whether the ith TCI codepoint includes the DL/joint TCI state for the first TRP. If Fi,1 field is set to 1, it indicates that ith TCI codepoint includes the DL/joint TCI state for the first TRP. If Fi,1 field is set to 0, it indicates that ith TCI codepoint doesn’t include the DL/joint TCI state for the first TRP.
· Fi,2: This field indicates whether the ith TCI codepoint includes the UL TCI state for the first TRP. If Fi,2 field is set to 1, it indicates that ith TCI codepoint includes the UL TCI state for the first TRP. Fi,2 field is set to 0, it indicates that ith TCI codepoint doesn’t includes the UL TCI state for the first TRP.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Si,1: This field indicates whether the ith TCI codepoint includes the DL/joint TCI state for the second TRP. If Si,1 field is set to 1, it indicates that ith TCI codepoint includes the DL/joint TCI state for the second TRP. If Si,1 field is set to 0, it indicates that ith TCI codepoint doesn’t include the DL/joint TCI state for the second TRP.
· Si,2: This field indicates whether the ith TCI codepoint includes the UL TCI state for the secondTRP. If Si,2field is set to 1, it indicates that ith TCI codepoint includes the UL TCI state for the second TRP. If Si,2 field is set to 0, it indicates that ith TCI codepoint doesn’t include the UL TCI state for the second TRP.
If the joint DL/UL TCI mode is configured, the Fi,2 and the Si,2 will always set to 0. The maximum number of activated TCI states is 32.
For example, 
· For separate DL/UL TCI mode, F1,1 indicates the presence of DL TCI state activation of the first TRP corresponding to the 1th TCI codepoint, S3,2 indicates the present of UL TCI state activation of the second TRP corresponding to the 3th TCI codepoint and so on.
· For joint DL/UL TCI mode, the F2,0 indicates the presence of joint TCI state activation of the first TRP corresponding to the 2th TCI codepoint, S5,0 indicates the present of joint TCI state activation of the second TRP corresponding to the 5th TCI codepoint and so on, other Fi,1 and Si,1 is 0.
Proposal 3: RAN2 to take the following MAC CE as baseline for unified TCI state activation/deactivation for sDCI-based mTRP. 



3. Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]This paper provides some initial considerations on the Unified TCI Framework Extension for sDCI-based Multi-TRP. The contribution of this paper is summarized as follows,
Unified TCI state Activation/Deactivation for sDCI-based mTRP MAC CE
Proposal 1: One one-octet eLCID is defined for the unified TCI state Activation/Deactivation for sDCI-based mTRP MAC CE.

Design principles for separate DL/UL TCI mode
Observation 1: Similar as the joint DL/UL TCI mode, for separate DL/UL TCI mode, the new MAC CE should indicate whether the TCI state is for one TRP or for both TRPs, and whether the TCI(s) is for the 1st or 2nd TRP.
Observation 2: If separate DL/UL TCI model is configured, the new TCI state activation/deactivation MAC CE should support that each corresponding TRP maps to: a DL TCI state, an UL TCI state, or a pair of DL and UL TCI states.
Proposal 2: The following information can be indicated by the new MAC CE for separate DL/UL TCI mode:
- Whether the unified TCI state is for one of the TRPs (i.e., 1st or 2nd) or for both TRPs;
- When the indicated TCI codepoint consists of the TCI state(s) of one TRP, whether the indicated TCI state(s) is for the first or second TRP;
- Whether the activated TCI state(s) for a TRP is DL TCI state only, or UL TCI state only, or both DL and UL TCI states.

MAC CE format
Proposal 3: RAN2 to take the following MAC CE as baseline for unified TCI state activation/deactivation for sDCI-based mTRP.
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[bookmark: _Toc131023573]6.1.3.X	Unified TCI States Activation/Deactivation for sDCI-based mTRP MAC CE
The unified TCI state Activation/Deactivation for sDCI-based mTRP MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size consisting of following fields:
· Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits. 
· DL BWP ID: This field indicates a DL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2 bits;
· UL BWP ID: This field indicates a UL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. If value of unifiedTCI-StateType in the Serving Cell indicated by Serving Cell ID is joint, this field is considered as the reserved bits. The length of the BWP ID field is 2 bits;
· Fi,1: This field indicates whether the ith TCI codepoint includes the DL/joint TCI state for the first TRP. If Fi,1 field is set to 1, it indicates that ith TCI codepoint includes the DL/joint TCI state for the first TRP. If Fi,1 field is set to 0, it indicates that ith TCI codepoint doesn’t include the DL/joint TCI state for the first TRP.
· Fi,2: This field indicates whether the ith TCI codepoint includes the UL TCI state for the first TRP. If Fi,2 field is set to 1, it indicates that ith TCI codepoint includes the UL TCI state for the first TRP. Fi,2 field is set to 0, it indicates that ith TCI codepoint doesn’t includes the UL TCI state for the first TRP. If the unifiedTCI-StateType in the Serving Cell indicated by Serving Cell ID is joint, this field is considered as the reserved bits.
· Si,1: This field indicates whether the ith TCI codepoint includes the DL/joint TCI state for the second TRP. If Si,1 field is set to 1, it indicates that ith TCI codepoint includes the DL/joint TCI state for the second TRP. If Si,1 field is set to 0, it indicates that ith TCI codepoint doesn’t include the DL/joint TCI state for the second TRP.
· Si,2: This field indicates whether the ith TCI codepoint includes the UL TCI state for the second TRP. If Si,2 field is set to 1, it indicates that ith TCI codepoint includes the UL TCI state for the second TRP. If Si,2 field is set to 0, it indicates that ith TCI codepoint doesn’t include the UL TCI state for the second TRP. If the unifiedTCI-StateType in the Serving Cell indicated by Serving Cell ID is joint, this field is considered as the reserved bits.
· TCI state ID: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5], If Fi,1 or Si,1 is set to1, 7-bits length TCI state ID i.e. TCI-StateId as specified in TS 38.331 [5] is used. If Fi,2 or Si,2 is set to1, the most significant bit of TCI state ID is considered as the reserved bit and remainder 6 bits indicate the TCI-UL-State-Id. The maximum number of activated TCI state is 32 and the maximum number of TCI states mapped to a TCI codepoint is 4. The codepoint to which a TCI state is mapped is determined by Fi,1 Fi,2 Si,1 Si,2 position among all the TCI state ID fields;
· R: Reserved bit, set to 0.



Figure 6.1.3.X-1: Unified TCI state Activation/Deactivation for sDCI-based mTRP MAC CE
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