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Introduction
In the RAN1 #96 meeting, RAN1 LS [1] was sent to RAN2 on new MAC CE design for enhancement on mapping one or two TCI states for one TCI codepoint to support the single PDCCH based multi-TRP/panel transmission.
In this paper we would like to propose our solutions on the MAC CE design.
Discussion
According to the RAN1 LS [1], TCI indication framework shall be enhanced in Rel-16 for single PDCCH based multi-TRP/panel transmission scenario. When a single-DCI is used to schedule a multi-TCI transmission, the TCI field in the DCI needs to indicate one or two TCI states for the purpose of indicating the scheduled PDSCH.
In Rel-15 NR system, UE is configured by RRC with a list of up to M candidate TCI states on PDSCH for the purposes of QCL indication. The max number of TCI sates for UE specific PDSCH is 128. In the session 6.1.3.14 of MAC specification [2], the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE is used to activate up to 8 TCI states out of 128 configured TCI for PDSCH QCL indication. Network should use this MAC CE to configure the activated TCI states for UE. The L1 signaling 3-bit DCI Transmission Configuration Indication field can dynamically indicate the TCI states for the PDSCH transmission.


Figure 1 Rel-15 TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
Fig. 1 shows the Rel-15 TCI States Activation/Deactivation for UE-specific PDSCH MAC CE (call Rel-15 TCI state MAC CE for short), and each TCI code point in a DCI can correspond to only one TCI states.
Considering the requirement from RAN1 on supporting the mapping of one or two TCI states for one TCI codepoint in DCI for multi-TRP scenario, the Rel-15 MAC CE bitmap based TCI states structure obviously cannot provide such mapping information (i.e. mapping two TCI states to one TCI code point). Therefore, a new MAC CE should be introduced to support activating one or two TCI states mapping to each TCI codepoint.
Proposal 1. Introduce a new MAC CE to support activating one or two TCI states mapping to one TCI codepoint.
For the new MAC CE design, there are two options to satisfy the requirements.
· Option 1: The new MAC CE is used to indicate the mapping relationship between activated TCI states and TCI codepoint.
In option 1, Rel-15 TCI state MAC CE still be used for indicating the activated TCI states without change. The new MAC CE works for providing the mapping relationship between activated TCI states (from Rel-15 TCI state MAC CE) and each TCI codepoint. Fig. 2 is the proposed Enhanced TCI States Activation/Deactivation PDSCH MAC CE. It is a variable size MAC CE.


Figure 2 Enhanced TCI States Activation/Deactivation PDSCH MAC CE in option 1
In Fig.2, Serving Cell ID indicates the identity of the Serving Cell for which the new MAC CE applies. BWP ID indicates a DL BWP for which the new MAC CE applies as the codepoint of the DCI bandwidth part indicator field which has the same definition of Rel-15 TCI state MAC CE.
The activated TCI indexi,j field indicates the index of the activated TCI states with the orinal position in the Rel-15 TCI state MAC CE. 
Since the DCI Transmission Configuration Indication field is 3-bit, there are up to 8 TCI codepoint in DCI. If each TCI codepoint in a DCI has to correspond to two different TCI states, at most 16 different TCI states should be activated in the Rel-15 TCI state MAC CE. Since the current maximum number of activated TCI states is 8, the activated TCI index is 3-bit in Figure 2.
We also think whether to increase the maximum number of the activated TCI states or not should be decided by RAN1. 
For each TCI codepoint, one octet can be used for two activated TCI index corresponding to the up to two TCI states. The second TCI states index can be indicated by the corresponding Ci field in the second octet of this MAC CE. If Ci field is 1, the second activated TCI index is valid and indicated for the corresponding TCI codepoint i. If Ci field is 0, the second activated TCI index is not valid and not indicated for the corresponding TCI codepoint i, and the second activated TCI index can be ignored by UE.
· Option 2: The new MAC CE is introduced to using explicit TCI state ID.
In option 2, the MAC CE can use the explicit TCI state ID to directly indicate the activated TCI state ID for each codepoint. Fig. 3 gives the proposed Enhanced TCI States Activation/Deactivation PDSCH MAC CE. 


Figure 3 Enhanced TCI States Activation/Deactivation PDSCH MAC CE in option 2
Each TCI codepoint i in DCI can correspond to the TCI state IDi,1 and TCI state IDi,2, while whether the TCI state IDi,2 is present or not depends on the C field in the first bit of each octet containing the TCI state IDi,1.
The C field indicates whether the octets containing TCI state IDi,2 for the second TRP is present or not. If C field is set to 1, the octet containing TCI state IDi,2 for second TRP is present. If C is 0, the octet containing TCI state IDi,2 for second TRP is not present.
In our view, both two options are workable. RAN2 can down select from these two options for Enhanced TCI States Activation/Deactivation PDSCH MAC CE.
Proposal 2. The maximum number of activated TCI states by MAC CE should be decided by RAN1.
[bookmark: _Hlk16718303]Proposal 3. RAN2 should down select from the two options for Enhanced TCI States Activation/Deactivation PDSCH MAC CE.
Conclusion
We’d recommend RAN2 to discuss and adopt the following proposals:
[bookmark: _Hlk16847771]Proposal 1. Introduce a new MAC CE to support activating one or two TCI states mapping to one TCI codepoint.
Proposal 2. The maximum number of activated TCI states by MAC CE should be decided by RAN1.
Proposal 3. RAN2 should down select from the two options for Enhanced TCI States Activation/Deactivation PDSCH MAC CE.
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