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Introduction
In the LS [1] from RAN1, the following agreement about TCI indication of single PDCCH based multi-TRP transmission is included:
For single PDCCH based multi-TRP/panel transmission, 
· TCI indication framework shall be enhanced in Rel-16 at least for eMBB. Each TCI code point in a DCI can correspond to 1 or 2 TCI states. When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 and FFS design for DMRS type 2. MAC-CE can be enhanced to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
According to the agreement, each TCI code point in a DCI can correspond to 1 or 2 TCI states. Thus, there are at most 16 TCI states activated by 3 bit TCI indication. 
In this paper, we present our views on MAC-CE signalling enhancement for TCI indication.
Discussion
[bookmark: OLE_LINK2]In Rel-15, MAC-CE can activate at most 8 TCI states, and map these TCI states to the codepoints of the DCI Transmission Configuration Indication field. Then, each of the eight codepoints (000 to 111) of TCI field in DCI may be mapped with one TCI state by MAC CE. As shown in Figure 1, the MAC-CE used for TCI states activation/deactivation for UE-specific PDCSH includes the following fields: Serving cell ID, BWP ID field, Ti field and R field. The Ti field indicates the activation/deactivation status of TCI state with TCI-StateId i configured by PDSCH-Config, when the Ti filed is set to 1, the corresponding TCI-StateId is activated, otherwise deactivated. The maximum number of TCI states is 128, and the maximum number of activated TCI states is 8 for each BWP. Then, the activated TCI State is mapped to the codepoint sequentially by its ordinal position among all the TCI States with Ti field set to 1. 


Figure 1: TCI states Activation/Deactivation for UE specific PDSCH MAC-CE

[bookmark: OLE_LINK4]In Rel-16, to support multi-TRP transmission, MAC-CE should activate at most 16 TCI states, and each codepoint of TCI field in DCI should be mapped with 1 or 2 TCI states. Obviously, the MAC-CE used for TCI states activation/deactivation for UE specific PDSCH in Rel-15 can be extended to support TCI indication of single-PDCCH based multi-TRP transmission easily, where only the Ti field should be enhanced. Firstly, the maximum number of activated TCI states should be relaxed to 16, that is to say at most 16 Ti field can be set to 1. The key issue is how to map the activated TCI states to the 8 codepoints of TCI field in DCI and each codepoints corresponds to 1 or 2 TCI states. A simple method is that using 2 bitmaps to activate at most 2 TCI states for each codepoint. That is to say, Ti field can include 2 part. Then, the TCI State activated by the Ti field of the first part is mapped to the codepoint sequentially by its ordinal position among the TCI states with Ti field set to 1 of the first part, and the TCI State activated by the Ti field of the second part is mapped to the codepoint sequentially by its ordinal position among the TCI States with Ti field set to 1 of the second part. As shown in Figure 2, there are 128 Ti fields in MAC CE divided into 2 parts, where the first part includes {T0-T63}, and the second part includes {T64-T127}. The TCI states activated by the Ti fields of the first part can be mapped to codepoint {0-7} with increasing order and the TCI states activated by the Ti fields of the second part can be mapped to codepoint {0-7} with increasing order. Thus, within the above mapping rule, and assumming Ti field indicates the activation/deactivation status of the TCI state with TCI-StateId i, for the example in Figure 2, the relation between codepoint of TCI field in DCI and activated TCI state is listed in Figure 3.


Figure 2: An example of Ti field in enhanced MAC CE used for TCI states Activation/Deactivation for PDSCH
[bookmark: OLE_LINK70]
	Codepoint of TCI field
	TCI state 

	000
	TCI-stateId 0
	TCI-stateId 64

	001
	TCI-stateId 2
	TCI-stateId 65

	010
	TCI-stateId 4
	TCI-stateId 66

	011
	TCI-stateId 6
	TCI-stateId 67

	100
	TCI-stateId 7
	TCI-stateId 68

	101
	TCI-stateId 8
	TCI-stateId 70

	110
	TCI-stateId 10
	TCI-stateId 71

	111
	TCI-stateId 12
	TCI-stateId 120


Figure 3: An example of relation between codepoints of TCI field and TCI states
Additionally, the R field in MAC-CE can be used to indicate the MAC-CE is for TCI indication of single TRP case or TCI indication of multi TRP case. For example, if R field is set to “0”, only one TCI state is activated for a codepoint. If R field is set to “1”, at most 2 TCI states are activated for a codepoint,
Proposal 1: The MAC-CE for TCI states activation/deactivation for UE specific PDSCH specified in Rel-15 can be reused for TCI indication of signal-PDCCH based multi-TRP/panel transmission. Not introduce new MAC-CE format.
Proposal 2: The maximum number of activated TCI states indicated by MAC-CE for TCI indication for UE specific PDSCH should be relaxed to 16.
[bookmark: OLE_LINK71]Proposal 3: 2 bitmaps in a MAC CE can be used to activate the first TCI state and second TCI state for each codepoint. 
Conclusion
[bookmark: OLE_LINK3]This paper mainly discusses about MAC CE signalling enhancement for TCI indication of single-PDCCH based multi-TRP/panel transmission. Based on the above discussion, we have the following proposal:
Proposal 1: The MAC-CE for TCI states activation/deactivation for UE specific PDSCH specified in Rel-15 can be reused for TCI indication of signal-PDCCH based multi-TRP/panel transmission. Not introduce new MAC-CE format.
Proposal 2: The maximum number of activated TCI states indicated by MAC-CE for TCI indication for UE specific PDSCH should be relaxed to 16.
Proposal 3: 2 bitmaps in a MAC CE can be used to activate the first TCI state and second TCI state for each codepoint.
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