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At last RAN2#122 meeting, after short discussion following working assumption is confirmed as agreement for mDCI-mTRP operation based on LS [1] from RAN1:
Revise the legacy unified TCI state activation/deactivation MAC CE by adding a “CORESET Pool ID” field to support mDCI based mTRP operation.
In addition some progress is made in RAN2#122 meeting w.r.t. the MAC CE to activate unified TCI states for two TRP as following:
 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. 

Further progress regarding separate DL/UL TCI mode is made in RAN2#123 meeting as following:
The following information can be indicated by the MAC CE (for separate 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)
· if the unified TCI codepoint is for all, or sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} 

At RAN1#112bis-e meeting agreements are achieved, which is relevant to MAC CE design:
Agreement (#1)
If the UE is configured with SSB-MTC-AdditionalPCI and receives TCI state activation command (MAC-CE) that activates a set of joint/DL /UL TCI state(s) specific to each coresetPoolIndex value for M-DCI based MTRP in unified TCI framework extension, the activated joint/DL /UL TCI state(s) specific to one coresetPoolIndex value is associated with the serving cell PCI and the activated joint/DL /UL TCI state(s) specific to another coresetPoolIndex value can be associated with a PCI other than the serving cell PCI . 
· Note: How to implement above in specification is up to spec editor

Agreement(#2)
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint 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)
· For a serving cell configured with separate DL/UL TCI mode, 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)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint

We believe RAN2 can make further progress on this issue based on latest RAN1/2 agreement.
Discussion
MAC CE design
The agreement(#2) suggests RAN2 need design a MAC CE for sDCI-mTRP operation which can fulfil following requirements:
1, The MAC CE is used to activate unified TCI states (either Joint TCI state or DL/UL TCI state) for serving cell configured with more than one TRP i.e. configured with IE additionalPCI-ToAddModList-r17
2, For Joint TCI state case:
	2a, one code point can refer to full set i.e. both 1st and 2nd Joint TCI state or 
2b, subset i.e. either 1st or 2nd Joint TCI state
3, For UL/DL TCI state case:
	3a, one code point can refer to full set i.e. {1st DL TCI state, 1st UL TCI state,2nd DL TCI state, 2nd UL TCI state }. 
	3b, one code point can refer to any sub-set of  {1st DL TCI state, 1st UL TCI state,2nd DL TCI state, 2nd UL TCI state }.
RAN2#122 meeting has already confirmed above listed 1 and 2 and RAN2#123 meeting confirmed above listed 3a and 3b.
For UL/DL TCI state case for either 1st or 2nd set of TCI states, it can consist of following cases: {DL&UL TCI state, DL TCI state, UL TCI state, none}. If both requirement 3a and 3b need be met, the total combination between 1st and 2nd set of TCI states is 4*4-1=15 i.e. 4bits are needed per code point and 32bits in total. 
Proposal 1: 4 bits length code points are introduced for UL/DL TCI state case.
Logically 2 bits length code point for joint TCI state mode is sufficient. Then there are two alternatives:
Alternative 1: joint MAC CE is designed. In this case 4 bits length code point are also needed for joint TCI state mode
Alternative 2: separate MAC CE formats are designed for joint and separate TCI state mode respectively. In this case 2 bit length code point for joint TCI state is needed. Since up to 8 code points will be covered , up to16 bits can be saved.
Proposal 2: RAN2 is kindly asked to make decision whether joint or separate MAC CE format for joint and separate TCI state should be designed.
Proposal 2a: In case separate MAC CE format is designed for joint TCI state, 2 bit length code point is introduced for joint TCI state.
Let’s design MAC CE format for separate TCI state first. If we start from legacy MAC CE format, the Pi bit can’t be reused because it applies to every single code point. For example Pi=1, then only possible combination is {1st DL&UL TCI state, 2nd DL&UL TCI state } and it is not possible to have {1st DL&UL TCI state , 2nd DL TCI state}. it is the same situation for Pi=0.
Observation: the Pi bit in the legacy format can’t be reused anymore
Then from proposal 2 we can see the combination between 1st and 2nd TRP and the combination between UL and DL is logically in two level. So the mapping between code point and TCI state can be designed as such way that the combination between UL and DL of one TRP is expressed independent from another TRP. It means we need two bits to indicate following combination for one TRP:
{DL&UL TCI state, DL TCI state, UL TCI state, none}
The combination between TRP can be done implicitly by the previous code point and the order of the TCI states. Let assume the TCI states of 1st TRP is always signalled before those of 2nd TRP and the code point {none} of previous code point means absence of TCI state of that TRP, in TRP level we have following combination:
{X1+X2, X1+none, none+X2}
Where X1/2 means any TCI state of TRP1/2 except for none. 
Proposal 3: Pi bit in the legacy format is not reused
Proposal 4: two bits length code point is introduced independently for two TRPs to indicate following combination:
{DL&UL TCI state, DL TCI state, UL TCI state, none}
Proposal 5: the order of TCI state between TRPs are fixed
If the D/U bit in the legacy format is reserved, One example MAC CE format (D/U is not reused) could be:


Figure 1
The description of Fi and Si bit could be:
Fi: This field indicates ith 4 combination cases of 1st set of TCI state. For UL and DL TCI state case, 00 refers to none of DL TCI state or UL TCI state, 01 refers to DL TCI state only, 10 refers to UL TCI state only, 11 refers to both DL and UL TCI state where DL is always put ahead of UL TCI state. For Joint TCI state case, 00 refer to none of Joint TCI state, 01 refers to Joint TCI state, value 10 and 11 are reserved.
Si: This field indicates ith 4 combination cases of 2nd set of TCI state. For UL and DL TCI state case, 00 refers to none of DL TCI state or UL TCI state, 01 refers to DL TCI state only, 10 refers to UL TCI state only, 11 refers to both DL and UL TCI state where DL is always put ahead of UL TCI state. For Joint TCI state case, 00 refer to none of Joint TCI state, 01 refers to Joint TCI state, value 10 and 11 are reserved.
The field description also cover joint TCI state mode. In this case two code points are reserved.
Proposal 6: RAN2 agree with the listed MAC CE format 
In case separate MAC CE format can be introduced, here is one example:


Figure 2
The description of Fi bit could be:
Fi: This field indicates ith 4 combination cases of joint TCI state, 00 refers to none of joint TCI state, 01 refers to Joint TCI state of 1st TRP only, 10 refers to Joint TCI state of 2nd TRP only, 11 refers to Joint TCI state of both TRPs where TCI state of 1st TRP is always put ahea of 2nd TRP. 
MAC CE applicability
The text in following RAN1’s agreement may cause misunderstanding of UE’s behaviour:
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint

When UE receive such MAC CE, there are 3 kinds of codepoints from UE’s perspective:
Category 1, a codepoint in MAC CE is new i.e. it was not received before
Category 2, a codepoint in MAC CE is old i.e. it was received before. The content of the codepoint could be different or the same
Category 3, a codepoint not in the MAC CE i.e. it was received before but not in current MAC CE
The UE’s behaviour on 1 and 2 is clear. For category 1 code point, UE simply add those codepoints as new configuration. For category 2 code point, UE update the content based on the highlighted text agreed in RAN1. But how to deal with category 3 codepoint is not very clear. There could be 2 interpretation:
Interpretation1: the new MAC CE is one shot signaling 
Interpretation2: the new MAC CE is accumulative signaling
Based on interpretation 1, UE will drop category 3 codepoint since they are not in the MAC CE. Based on interpretation 2, UE will keep category 3 codepoint. 
In MAC spec, so far UE’s behaviour on MAC CE follows interpretation 1 i.e. all MAC CE is interpreated as one shot signaling. This is approach is simpler than interpretation2 since network don’t have to keep a local version of configuration before it sends MAC CE. The same logic applies to UE. The drawback of such approach is that network has to send all relevant codepoints in the MAC CE i.e. it is not signaling friendly way. The interpretation2 is however on the opposite. Our view is that this partial updating rule is agreed in RAN1 and it should be also captured in RAN1 spec but not in RAN2 spec. However RAN1 and RAN2 need be aligned on this regards to avoid any interoperation issue between UE and network.
Proposal 7: UE’s behaviour on how to apply received MAC CE is captured in RAN1’s spec. And RAN1 and RAN2 should be aligned on the UE’s behaviour.
Conclusion
Proposal 1: 4 bits length code points are introduced for UL/DL TCI state case.
Proposal 2: RAN2 is kindly asked to make decision whether joint or separate MAC CE format for joint and separate TCI state should be designed.
Proposal 2a: In case separate MAC CE format is designed for joint TCI state, 2 bit length code point is introduced for joint TCI state.
Proposal 3: Pi bit in the legacy format is not reused
Proposal 4: two bits length code point is introduced independently for two TRPs to indicate following combination:
Proposal 5: the order of TCI state between TRPs are fixed
Proposal 6: RAN2 agree with the listed MAC CE format 
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