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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.

In the reply LS [2] from RAN1, several questions on single PDCCH based multi-TRP operation is answered as follows:
Question 1: Should the pairing of the TCI states be flexible such that each TCI state can be dynamically paired with each TCI state or is there an upper limit of pairs by configuration? 
Answer 1:  From RAN1 perspective, MAC CE based enhancement is preferred so that the pairing of the TCI states can be flexible. Each TCI state can be dynamically paired with another TCI state, assuming dynamic here means pairing via MAC-CE. From RAN1 perspective, some restrictions on pairing may be introduced but this will not impact RAN2 work.
Question 2: What is the total number of activated TCI states in mTRP operation?
Answer 2: The maximum number of activated TCI states in mTRP operation is 8. The number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled. The total number of simultaneously activated TCI states is up to 8.
According to above LS, each TCI codepoint in a DCI can correspond to 1 or 2 TCI states, and there are at most 8 TCI states can be activated by MAC CE and mapped to the codepoint of the DCI TCI field with 3 bit. 
In this paper, we present our views on MAC-CE signalling enhancement for TCI indication of single-PDCCH based multi-TRP transmisison.
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
In Rel-16, to support multi-TRP transmission, MAC-CE can activate at most 8 TCI states, and each codepoint of TCI field in DCI should be mapped with 1 or 2 TCI states. There are two options can be used for such TCI indication.
Option 1: Reuse the MAC CE format in Rel-15
[bookmark: OLE_LINK4]In option1, the MAC-CE used for TCI states activation/deactivation for UE specific PDSCH in Rel-15 is extended to support TCI indication of single-PDCCH based multi-TRP transmission, where only the Ti field should be enhanced. As the maximum number of activated TCI states is 8, at most 8 Ti field can be set to 1. However, to enable 1 or 2 TCI states mapped to one codepoint, the mapping rule between TCI state and codepoint is redefined where 2 bitmaps is used to activate at most 2 TCI states for each codepoint. That is to say, Ti field can be divided into 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 assuming 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 option1 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 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.
[bookmark: OLE_LINK1]In option 1, the payload of MAC CE for TCI indication is fixed and the format of MAC CE is same with the MAC CE specified in Rel-15. Thus, no new LCID is needed. 
Option 2: New MAC CE format for TCI indication
In option2, a new MAC-CE format is defined to support TCI-state activation for single-PDCCH based multi-TRP transmission. Specifically, two lists of TCI state IDs are included in the MAC CE explicitly. Each TCI-state list contains N TCI-states. These two lists of TCI states can be paired and mapped to the TCI code point. For example, these two lists of TCI states can be 1-to-1 paired in the sequence of TCI-state in the list. For instance, a MAC CE indicates two lists of TCI state IDs: {#1, #3, #2, #4} and {#6, #8, #7, #5}. With 1-to-1 pairing, four TCI-state pairs are generated: {#1, #6}, {#3, #8}, {#2, #7}, {#4, #5} and mapped to TCI code point {0, 1, 2, 3}, respectively. This method is simple and allows for flexible TCI-state pairing required by RAN 1 according to the reply of the LS. One remaining issue of this method is that, each TCI code point is mapped to two TCI-state. There is no TCI code point mapped to one TCI-state. This does not meet the requirement that each TCI code point can be mapped to one or two TCI-states. To solve this problem, the following two solutions can be considered.
Option 2-1: Bitmap based solution
As the maximum number of activated TCI states is 8, at most 8 TCI state ID can be included in the MAC CE. As there are 8 codepoint and at most 8 activated TCI states, each of the eight codepoints (000 to 111) of TCI field in DCI may be mapped with 0 TCI state or 1 TCI state or 2 TCI state by MAC CE. 2 bitmaps should be used to indicate whether codepoint corresponds to the first TCI state and/or the second TCI state. As shown in Figure 4, the MAC CE includes the 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;
-	BWP ID: This field indicates a DL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field. The length of the BWP ID field is 2 bits;
-	Ci, j: This field indicates codepoint of the first TCI state. If Ci,1 is set to 1, there is one TCI state in the first part mapped to codepoint i, else there is no TCI state in the first part mapped to codepoint i. If Ci,2 is set to 1, there is one TCI state in the second part mapped to codepoint i, else there is no TCI state in the second part mapped to codepoint i. 
-	TCI state ID field: This field indicates TCI-stateId of one activated TCI state. TCI state in the first part is indicated by TCI state IDi,1 and mapped to corresponding codepoint determined by its ordinal position among all the indicated Ci, 1 that set to 1. TCI state in the second part is indicated by TCI state IDi,2 and mapped to corresponding codepoint determined by its ordinal position among all the indicated Ci, 2 that set to 1.The maximum number of activated TCI states is 8. 
-	R: Reserved bit, set to 0.


Figure 4: An example of option2 for TCI states Activation/Deactivation for PDSCH
The payload of MAC CE for TCI indication is variable. The LCID used for the TCI indication MAC CE specified in Rel-15 can be reused with ‘R’ field set to 1. 
Option 2-2: Mapping rule based solution
Another simple solution of the above problem is to introduce a mapping rule: if a TCI code point is mapped to a TCI-state pair with two identical TCI-states (e.g., TCI state #i), the UE assume that only one TCI-state (i.e., TCI state #i) is activated for the TCI code point. For example, a MAC CE indicates two lists of TCI state IDs: {#1, #3, #2, #4} and {#6, #8, #7, #4}. With 1-to-1 pairing, four TCI-state pairs are generated: {#1, #6}, {#3, #8}, {#2, #7}, {#4, #4} and mapped to TCI code point {0, 1, 2, 3}. TCI code point 3 is mapped to two identical TCI-state {#4, #4}. So, the UE shall assume that a single TCI-state (i.e., TCI-state #4) is activated for TCI code point 3. In other words, TCI code point 3 is mapped to a single TCI-state #4.
Both of option 1 and option 2 can support TCI indication of single-PDCCH based multi-TRP transmission. Besides, for saving LCID, option 1 and option 2 can reuse the LCID for TCI States Activation/Deactivation for UE-specific PDSCH MAC CE specified in Rel-15 by setting the value of the “R” bit to 1. 
[bookmark: OLE_LINK5]Proposal 1: The MAC CE for TCI indication of single-PDDCH based multi-TRP transmission can reuse the LCID for TCI States Activation/Deactivation for UE-specific PDSCH MAC CE specified in Rel-15 by setting the value of the “R” bit to 1.
Proposal 2: Support one of the following two methods for TCI-state activation for single-DCI based M-TRP transmission.
· Option 1: Two bitmaps in a MAC CE can be used to activate the first TCI state and second TCI state for each code point.
· Option2: Two lists of TCI-states ID are indicated in a MAC CE. TCI-states in the two lists are paired and each pair is mapped to each TCI codepoint. 
Proposal 3: For TCI-state ID based method (option 2), support one of the following two methods to enable one TCI code point mapped to only one TCI-state.
· Introduce a bitmap to indicate the code point that mapped with the first TCI state and/or second TCI state.
· Define a mapping rule: if a TCI code point is mapped to a TCI-state pair with two identical TCI-states (e.g., TCI state #i), the UE shall assume that only one TCI-state (i.e., TCI state #i) is activated for the TCI code point.

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 indication of single-PDDCH based multi-TRP transmission can reuse the LCID for TCI States Activation/Deactivation for UE-specific PDSCH MAC CE specified in Rel-15 by setting the value of the “R” bit to 1.
Proposal 2: Support one of the following two methods for TCI-state activation for single-DCI based M-TRP transmission.
· Option 1: Two bitmaps in a MAC CE can be used to activate the first TCI state and second TCI state for each code point.
· Option2: Two lists of TCI-states ID are indicated in a MAC CE. TCI-states in the two lists are paired and each pair is mapped to each TCI codepoint. 
Proposal 3: For TCI-state ID based method (option 2), support one of the following two methods to enable one TCI code point mapped to only one TCI-state.
· Introduce a bitmap to indicate the code point that mapped with the first TCI state and/or second TCI state.
· Define a mapping rule: if a TCI code point is mapped to a TCI-state pair with two identical TCI-states (e.g., TCI state #i), the UE shall assume that only one TCI-state (i.e., TCI state #i) is activated for the TCI code point.
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