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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#116e, the following agreements are made on the inter-cell beam management and inter-cell mTRP [1]:
	1a: RAN2 to use the terminology "primary TRP (pTRP)" and "additional TRP (aTRP)" for RAN2 discussion purposes. FFS whether these will really be needed in Stage-2/3 specifications.
1b: RAN2 does not consider RLM for aTRP in Rel-17 work 
2a: No RRM enhancements are done in Rel-17 (unless later found critical to the functionality).
2b: Add SSB/PCI information for ICBM as cell-level information and link unified TCI state information to that. FFS on exact Stage-3 details.
2c: RAN2 starts the RRC CR work based on latest RAN1 input before sending general RRC LS to RAN1. 
3: The RAN1 parameters for "MultiBeam" are only applicable to ICBM with unified TCI framework (i.e. not to mTRP). Discuss further in Stage-3 phase how the UL PC configuration parameters are defined. 
4: Rel-17 MPE configuration can be included in PHR-Config. Will ask R1 whether MPE information can apply to both ICBM and mTRP 
6: RAN2 assumes "mTRP" parameters are not for ICBM and starts Stage-3 work based on that assumption. If ambiguities are found, LS can be sent to RAN1 to ask for clarification from next meeting.
7: RAN2 will use one RRC CR for the FeMIMO WI and start the work in post-meeting email discussion. Can discuss RRC structure during the discussion before going for final Stage-3 details.
[bookmark: _Toc85742923]RAN2 to support separate DL and UL and joint TCI state configurations. Details FFS.


In the contribution, we would like to further discuss the R17 unified TCI framework, including the RRC configuration of the R17 TCI and the MAC CE for activation.
Discussion
2.1 Open issues on RRC and MAC modeling of R17 unified TCI framework 
According to RAN1, the R17 unified TCI framework can be summarized as the following:
Step 1: RRC pre-configure a pool of TCI states which include the TCI state associated with pTRP and aTRP;
Step 2: MAC CE indicates up to 8 TCI state codepoints from the pre-configured TCI state pool;
Step 3: DCI is used to further down-select one TCI state codepoint from the indicated TCI state codepoints in the MAC CE.
 However, before RAN2 to discuss the RRC configuration of the TCI state and the corresponding MAC CE design, the following open issue need be addressed firstly.
Issue 1: mode of the R17 unified TCI framework
According to RAN1 LS [3], there are two modes of the R17 unified TCI framework, i.e., one is joint beam indication mode with joint TCI state for both UL and DL; another is separate beam indication, which is separate DL and/or UL TCI state.  
	Description
	Comment

	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Activation of up to 8 TCI state codepoints for UE-dedicated channel/signals beam indication
This can be
- For joint beam indication
o A joint TCI state
- For separate beam indication
o DL only TCI state
o UL only TCI state
o DL TCI state + UL TCI state
	Agreement RAN1#106bis-e
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
• For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8
• Further discuss and finalize in RAN1#106bis-e: the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s))

Agreement RAN1#105-e
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
• One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
• One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
• One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1


And based on the email discussion [2], these two modes are quite different, i.e., 
· for joint beam indication mode, there is one TCI state ID for each codepoint; 
· for separate beam indication mode, there may be two TCI state IDs for each codepoint.
Thus, the UE should be informed of the mode to be used for each TCI state codepoint, so that UE can determine whether the indicated TCI states apply to DL only, UL only, or for both DL and UL. In principle, either the MAC CE or RRC can be used to configure or indicate the mode (i.e., joint or separate beam indication) to UE. 
However, there can be N (N<=8) TCI state codepoints being activated in the MAC CE, but it is not clear whether these N TCI state codepoints can be based on different modes, e.g.,, for N=2, one TCI state codepoint uses joint beam indication mode, while the other uses separate beam indication mode. And this may impact on how to configure the mode (i.e., joint or separate beam indication mode) to be used to UE. 
Thus, we think before RAN2 should firstly address this issue before further discuss on how to configure and indicate the mode (i.e., joint or separate beam indication) to UE.
Proposal 1: RAN2 to firstly discuss whether the activated TCI state codepoints in one MAC CE can be in different modes, i.e., some TCI state codepoints are joint beam indication mode, others are separate beam indication mode.
Issue 2: FFS the activated TCI states belongs to TRP with different PCI
According to RAN1#106bis-e [4], the following agreements is made:
	Conclusion
On Rel-17 beam indication enhancements for inter-cell beam management, for separate DL/UL TCI, there is no consensus in restricting the indicated DL TCI and UL TCI to be associated with SSBs of a same physical cell ID.
· Whether a corresponding UE feature can be introduced can be discussed in UE feature agenda


Based on above conclusion made by RAN1, for separate beam indication mode, the TCI state codepoint indicated in the MAC CE may indicate DL TCI states and UL TCI states associated with TRPs with different PCI. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]Observation 1: For the separate beam indication, and for the case that the DL and UL TCI state is activated simultaneously, the DL TCI state and UL TCI state within one TCI state codepoint indicated by MAC CE can be associated with different PCI. 
But in separate beam indication mode, whether each TCI state codepoint indicated by MAC CE is associated with the same PCI, or  allowed to associated with different PCI is not clear now. Also, the same issue exists in joint beam indication mode. To be clearer, please see the following example.


Taking the deployment into consideration, UE can under the coverage of both the TRPs, and the NW can obtain the surrounding environment and predictions of UE movement, thus NW is able to indicate multiple candidate TCI state to be used in the nearer future to UE. Furthermore, if the MAC CE can only indicate the TCI state associated with same PCI, each time before UE active the other TRP, NW needs to send a MAC CE including the TCI of the other PCI always, which is not flexible. Thus, it should be allowed to include the TCI state codepoint associated with different PCI via one MAC CE, e.g., for the above joint beam indication mode, the associated PCI of joint TCI state ID 4 can be different from the associated PCI of joint TCI state ID 1. 
Proposal 2: The R17 TCI States Activation/Deactivation MAC CE is allowed to indicate TCI state codepoints associated with different PCI.
2.2 Scenarios on R17 unified TCI framework 
The CORESETPoolindex is introduced in R16 to support the Multi-DCI based intra-cell mTRP. According to RAN1 [5][6], for DL TCI, the source reference signal (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC. Thus, the R17 unified TCI framework will not apply to R16 intra-cell mTRP scenario.
	RAN1#106e:
On Rel-17 unified TCI, for Rel-17, there is no consensus in supporting additional (M,N) values other than  (M,N)=(1,1)

RAN1#104e:
On Rel.17 unified TCI framework, based on the agreements in RAN1#102-e and 103-e, the following terms are defined as follows (at least for the purpose of discussion and reaching agreements). 
For M=1:
         DL TCI: The source reference signal (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
         UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:
         Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
         Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).
For M>1:
         DL TCI: Each of the M source reference signals (or 2M, if qcl_Type2 is configured in addition to qcl_Type1) in the M DL TCIs provides QCL information at least for one of the M beam pair links for UE-dedicated receptions on PDSCH and/or subset of CORESETs in a CC
For N>1:
         UL TCI: Each of the N source reference signals in the N UL TCIs provide a reference for determining UL TX spatial filter at least for one of the N beam pair links associated with dynamic-grant /configured-grant based PUSCH, and/or subset of dedicated PUCCH resources in a CC
For M>1 and/or N>1:
         Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter. In this case, M=N.  
         Separate DL/UL TCI: The M DL TCIs and N UL TCIs are distinct (therefore, separate).
Note: Other TCI types/terms such as “common TCI” are not used.


Observation 2: The R17 unified TCI framework does not apply to R16 intra-cell mTRP scenario.
Based on above analysis, we think that NW needs to ensure that the CORESETPoolindex within BWP should be the same when configured with the R17 unified TCI framework. Also the newly introduced MAC CE for R17 unified TCI framework is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
Proposal 3: NW to ensure that CORESETPoolindex within a BWP should be the same value when configured with R17 unified TCI framework.
Proposal 4: The newly introduced MAC CE for R17 unified TCI framework is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
Conclusion
This contribution discusses on R17 unified TCI framework. The main observations and proposals are summarized in the following. 
Observation 1: For the separate beam indication, and for the case that the DL and UL TCI state is activated simultaneously, the DL TCI state and UL TCI state within one TCI state codepoint indicated by MAC CE can be associated with different PCI. 
[bookmark: _GoBack]Observation 2: The R17 unified TCI framework does not apply to R16 intra-cell mTRP scenario.
Proposal 1: RAN2 to firstly discuss whether the activated TCI state codepoints in one MAC CE can be in different modes, i.e., some TCI state codepoints are joint beam indication mode, others are separate beam indication mode.
Proposal 2: The R17 TCI States Activation/Deactivation MAC CE is allowed to indicate TCI state codepoints associated with different PCI.
Proposal 3: NW to ensure that CORESETPoolindex within a BWP should be the same value when configured with R17 unified TCI framework.
Proposal 4: The newly introduced MAC CE for R17 unified TCI framework is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
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