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1 Introduction

In the LS [1] sent from RAN1 regarding single PDCCH based multiple-TRP/panel transmission, it’s indicating that the current TCI indication framework needs to be updated to support up to 2 TCI state per TCI code point in a DCI:

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.

Specifically, RAN1 asks RAN2 to discuss the MAC CE format to support mapping one or two TCI states for a TCI code point.

In this paper, we give our view on the format of the MAC CE.
2 Discussion

2.1 Background
In the current procedure, the TCI state indication for PDSCH is consists of the following three steps:
· Step 1: RRC configures the TCI states for PDSCH in one BWP, up to 128 TCI states can be configured based on UE capability.

· PDSCH-Config information element

· -- ASN1START

· -- TAG-PDSCH-CONFIG-START

·     tci-StatesToAddModList                  SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-State                  OPTIONAL,   -- Need N

·     tci-StatesToReleaseList                 SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-StateId                OPTIONAL,   -- Need N

· Step 2: MAC CE indicates which TCI states are activated among the configured TCI states in step 1. There are up to 8 TCI states activated. See the following MAC CE format in TS 38.321:
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Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
· Step 3: DCI indicates which TCI state is used among the activated TCI states indicated in the MAC CE in step 2. The codepoint to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to 1, i.e. the first TCI State with Ti field set to 1 shall be mapped to the codepoint value 0, second TCI State with Ti field set to 1 shall be mapped to the codepoint value 1 and so on
As observed, based on the current procedure, each code point in the DCI can only indicate one TCI state among the activated TCI states indicated in MAC CE.
Observation 1 Each code point in DCI can only indicate one TCI state among the activated TCI states indicated in the MAC CE. 

According to RAN1’s LS, MAC CE needs to be enhanced to map one or two TCI states for a TCI code point. However, the current MAC CE format can not achieve this requirement, the reasons are:

· The maximum number of activated TCI states is 8. However, based on the RAN1’s requirement, there may be up to 16 activated TCI states if every TCI code point indicates two TCI states.

·  Without changing the format of the MAC CE, it can not differentiate either one TCI state or two TCI states the code point in DCI indicates.  
Observation 2 Legacy MAC CE format is not able to achieve the requirement from RAN1. 
2.2 New MAC CE format
For the legacy MAC CE, the maximum size when 128 TCI states is configured is 17 bytes. By extending the current MAC CE to support another TCI states for each code point in the DCI could even make the size of the MAC CE larger which is not expected. So we propose:
Proposal 1 A new MAC CE identified by a new LCID is introduced to map one or two TCI states for a TCI code point.
In order to differentiate either one or two TCI states the code point in DCI indicates, a bitmap with 1 byte is needed corresponding to all the code points, i.e., code point 000 is mapped to the first bit of the bitmap and code point 001 is mapped to the second bit of the bitmap and so on. The value of the each field in the bitmap indicates either one TCI states or two TCI states the mapped code point indicates.   
Proposal 2 One byte bitmap is included in the MAC CE, each field is corresponding to the code point in the DCI and indicates whether the corresponding code point in DCI indicates either one or two TCI states. 
Similar as the format of Long BSR MAC CE, the TCI-StateIDs (7 bits) of the activated TCI state(s) for each code point in DCI is included in the MAC CE. These TCI-StateIDs are included in ascending order based on the code point, as shown in the following:
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Figure 1 Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
Proposal 3 The TCI-StateId(s) of the activated TCI state(s) for each code point in DCI is included in the MAC CE, these TCI-StateIds are included in ascending order based on the code point. 
A draft CR [2] is also provided which gives more details about the interpretation of each field of the new MAC CE.
Proposal 4 Adopt the draft CR for the new MAC CE format. 
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
Each code point in DCI can only indicate one TCI state among the activated TCI states indicated in the MAC CE.
Observation 2
Legacy MAC CE format is not able to achieve the requirement from RAN1.
Proposal 1
A new MAC CE identified by a new LCID is introduced to map one or two TCI states for a TCI code point.
Proposal 2
One byte bitmap is included in the MAC CE, each field is corresponding to the code point in the DCI and indicates whether the corresponding code point in DCI indicates either one or two TCI states.
Proposal 3
The TCI-StateId(s) of the activated TCI state(s) for each code point in DCI is included in the MAC CE, these TCI-StateIds are included in ascending order based on the code point.
Proposal 4
Adopt the draft CR for the new MAC CE format.
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