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1 Introduction
In February meeting, RAN1 sent LS to RAN2 on support of enhancements on multi-TRP/panel transmission. According to the LS [1], to support that each TCI code point in a DCI can correspond to 1 or 2 TCI states, some RAN2 work on MAC CE design is necessary.
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.

This contribution provides analysis on this issue and provides our consideration.
2 Discussion 
2.1 Background
In Rel-15, UE can be configured multiple TCI state by RRC signalling (depending on UE capability, at most 128 TCI states can be configured). MAC CE will activate at most 8 TCI states among all the TCI states configured by RRC signalling. And Transmission Configuration Indication field in DCI will indicate UE which TCI state among the activated TCI states in MAC CE is used. 
The TCI states activation/deactivation for UE-specific PDSCH MAC CE is specified in TS 38.321 [2], as shown in the following Figure. Ti indicates the activation/deactivation status of the TCI state with TCI-State Id i. The Ti field is set to "1" to indicate that the TCI state with TCI-State Id i shall be activated and mapped to the code point of the DCI Transmission Configuration Indication field. The Ti field is set to "0" to indicate that the TCI state with TCI-State Id i shall be deactivated and is not mapped to the code point of the DCI Transmission Configuration Indication field. The code point to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to "1". It can be seen that it is a one-to-one mapping between the activated TCI states in MAC CE and the TCI code point in DCI.
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Figure 1 TCI States Activation/Deactivation for UE-specific PDSCH MAC CE in Rel-15

2.2 consideration on MAC CE design to support single PDCCH based multiple TRP transmission
For single PDCCH based multiple TRP transmission in Rel-16, a DCI is used to indicate one or two TCI states. The main difference from Rel-15 design is that it is a one-to-more mapping between the activated TCI states in MAC CE and the TCI code point of the TCI field in DCI. To support this, MAC-CE can be enhanced to activate TCI states for multiple TRPs.
As discussed above, the Rel-15 MAC CE of TCI states activation/deactivation for UE-specific PDSCH cannot be reused. To differentiate the enhanced MAC CE with the current MAC CE, one possible way is to introduce a new MAC CE. However, considering that the number of reserved LCID is limited, it is not preferred. Another consideration is that, for multiple TRP transmission, it is possible to map one TCI state for a TCI code point, for example, only one TRP of the multiple TRPs is scheduled. For this scenario, the Rel-15 MAC CE design can be reused. From this point of view, it is suggested to modify the Rel-15 MAC CE to adapt single PDCCH based multiple-TRP transmission. And the reserved “R” bit can be used to indicate the enhanced MAC.

Proposal 1: it is proposed to modify the Rel-15 MAC CE to adapt single PDCCH based multiple-TRP transmission. And the reserved “R” bit can be used to indicate the enhanced MAC CE.
DCI bits are limited and it is preferred to reuse the current 3 bits for TCI field in DCI according to RAN1 discussion. Taking this limitation into consideration, there are three possible options to enhance MAC CE.

· Option 1: the TCI states activation/deactivation for UE-specific PDSCH MAC CE are indicated separately for two TRPs in a MAC CE
In MAC CE, the first [(N-1)*8+8] bits are used for TRP1. This part is same as Rel-15 MAC CE. And introducing another (N-1)*8+8 bits which are used to indicate the activation/deactivation of TCI states for TRP2. As shown in Figure 2, similar with Rel-15 design, Ti indicates the activation/deactivation status of the TCI state with TCI-State Id i. The Ti field is set to "1" to indicate that the TCI state with TCI-State Id i shall be activated and mapped to the code point of the DCI Transmission Configuration Indication field. The Ti field is set to "0" to indicate that the TCI state with TCI-State Id i shall be deactivated and is not mapped to the code point of the DCI Transmission Configuration Indication field.
In option 1, the current TCI field in DCI can be reused. For each TRP, the code point to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to "1" which is within the bit range for corresponding TRP. For TRP1, as shown in Figure 2, from T0 to T(N-2)*8+7, the first TCI State with Ti field set to "1" shall be mapped to the code point value 0, second TCI State with Ti field set to "1" shall be mapped to the code point value 1 and so on. The maximum number of activated TCI states is 8. For TRP2, as shown in Figure 2, from T(N*8) to T(2N-2)*8+7, the first TCI State with Ti field set to "1" shall be mapped to the code point value 0, second TCI State with Ti field set to "1" shall be mapped to the code point value 1 and so on. The maximum number of activated TCI states for each TRP is 8.
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Figure 2 option1: TCI States activation/deactivation for UE-specific PDSCH MAC CE
· Option 2: MAC CE indicates the TCI States activation/deactivation for UE-specific PDSCH for two TRPs in a TCI state group manner
Considering there is only one PDCCH, the activation/deactivation of TCI states for multiple TRP transmission can be indicated in a group manner. A group consists of two consecutive bits, each bit is used to indicate the activation/deactivation of a TCI state for one TRP. As shown in Figure 3, for example, T0 and T1 make group #1, T0 indicates activation/deactivation of TCI state #0 for TRP 0 and T1 indicates activation/deactivation of TCI state #0 for TRP 1.
In option 2, the TCI field in DCI is still 3 bits. The first TCI State group with both Ti fields set to "1" shall be mapped to the code point value 0, second TCI State group with both Ti field set to "1" shall be mapped to the code point value 1 and so on.
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Figure 3 option2: TCI States activation/deactivation for UE-specific PDSCH MAC CE in a group manner

· Option 3: MAC CE indicates the TCI States activation for UE-specific PDSCH for two TRPs in a TCI state group manner, and a bit string in MAC CE is used to indicate the number of the activated TCI state group
One drawback of option 2 is that there are too many combinations. At most 128 TCI states can be configured for each TRP. For each TCI states, there are two states: activation and deactivation. For each group with two TCI states for two TRP, there are 4 group states: 00, 01, 10, 11 (“0” indicate deactivation, “1” indicate activation). In total, there could be 128*128*4 possible combinations. Even if we only consider the case that both of the Ti in a group are activated, there could be 128*128 combinations, and at least 128*128 *2 bits are needed, which may have overhead issue.
To solve above issue, option 3 can be considered. Different from option 2, the activation/deactivation is not informed by Ti. Since the mapping between DCI and MAC CE is only consider the activated TCI states in MAC CE, the MAC CE can only indicate the number of activated TCI states or TCI state groups by a bit string. As shown in Figure 4, taking the group indication manner of option 2 as a baseline, if we only consider the case that both of the TCI states in a group are activated, there could be 128*128 combinations. The number of each combination among the 128*128 combinations can be represented by 14 bits, ie 00000000000000 represents the first TCI state combination/group, 00000000000001 represents the second TCI state combination/group and so on. Since at most 8 TCI states can be activated for each TRP. We can assume that there are at most 8 TCI states combinations/groups with both of the TCI states activated. In total, only 8*14 bits are needed, which reduce the overhead a lot compared with option 2.
In option 3, the TCI field in DCI is still 3 bits. The first TCI State group indicated in MAC CE shall be mapped to the code point value 0, second TCI State group indicated in MAC CE shall be mapped to the code point value 1 and so on.
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Figure 4 option 3: TCI States activation for UE-specific PDSCH MAC CE in a group manner
As discussed above, option 2 may have overhead issue. Option 3 can reduce the overhead, but the design is different from Rel-15 MA CE of TCI States Activation/Deactivation for UE-specific PDSCH. For option 1, compared with option 2, there is no overhead issue. Compared with option 3, option 1 can be compatible with Rel-15 design. From our point of view, we prefer option 1.
Proposal 2: following three options can be further studied to support single PDCCH based multiple TRP transmission:
· Option 1: the TCI states activation/deactivation for UE-specific PDSCH MAC CE are indicated separately for two TRPs in a MAC CE
· Option 2: MAC CE indicates the TCI States activation/deactivation for UE-specific PDSCH for two TRPs in a TCI state group manner

· Option 3: MAC CE indicates the TCI States activation for UE-specific PDSCH for two TRPs in a TCI state group manner, and a bit string in MAC CE is used to indicate the number of the activated TCI state group
3 Conclusions
This contribution provides discussion on MAC CE design of single PDCCH based multiple TRP transmission and the proposals are:
Proposal 1: it is proposed to modify the Rel-15 MAC CE to adapt single PDCCH based multiple-TRP transmission. And the reserved “R” bit can be used to indicate the enhanced MAC CE.
Proposal 2: following three options can be further studied to support single PDCCH based multiple TRP transmission:

•
Option 1: TCI states activation/deactivation for UE-specific PDSCH MAC CE are indicated separately for two TRPs in a MAC CE
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•
Option 2: MAC CE indicates the TCI States activation/deactivation for UE-specific PDSCH for two TRPs in a TCI state group manner
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•
Option 3: MAC CE indicates the TCI States activation for UE-specific PDSCH for two TRPs in a TCI state group manner, and a bit string in MAC CE is used to indicate the number of the activated TCI state group
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