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Introduction
Based on the output of email discussion [108#68][NR eMIMO] Design of DL MAC CEs (Oppo), in this paper, we discuss MAC CE signalling to support Rel-16 multi-beam enhancements. More specifically, in section 2.1 we discuss MAC CEs regarding multiple CCs/BWPs and in section 2.2 we TCI states activation/deactivation (for both single-PDCCH and Multi-PDCCH mTRP operation).
Discussion
1.1   MAC CEs regarding multiple CCs/BWPs
Based on the email discussion [108#68][NR eMIMO], 2 remaining issues are needed to be discussed in RAN2 on MAC CEs for multiple CCs/BWPs, one is the choice between option 1 (MAC CE+RRC configuration approach) and option 2 (RRC configuration only approach), the other is whether R16 UE should support MAC CE with granularity of both per CC-list and per CC. 
For this first issue, as pointed out in our previous tdoc [1], option 2 is preferred, since up to 2 lists of non-overlapping CCs can be configured by RRC, reusing legacy MAC CE formats can be sufficient to enable this eMIMO feature for simultaneous multiple CCs/BWPs PDSCH TCI state IDs activation and TCI state indication for UE-specific PDCCH. If CC lists are configured in RRC, UE can handle multi-CCs/BWPs update from the CC indicated by MAC CE, which is also the method suggested from RAN1. Reusing legacy formats will avoid any unnecessary complexities for both the gNB and the UE and also save LCID space. 
For the second issue, R16 UE should support both per CC-list and per CC update, for example, by using separate LCIDs for differentiating the granularity. However, for saving LCIDs, at the cost of reduced flexibility, R16 UE can also support per CC-list update if CC lists are configured and per CC update if CC lists are not configured.
Therefore, we have the following proposals.
Proposal 1: Support to reuse the legacy MAC CE formats of TCI States Activation/Deactivation for UE-specific PDSCH MAC CE and TCI State Indication for UE-specific PDCCH MAC CE for simultaneous multiple CCs/BWPs update.
1.2   TCI-state activation for multi-PDCCH based Multi-TRP transmission
In the last meeting, a new MAC CE was introduced for TCI-state activation in single-DCI based Multi-TRP transmission case. The MAC CE can include multiple TCI-state set with each TCI-state set containing one or two TCI-states. For example, TCI-state set i may contain two TCI-states with TCI-state IDi,1 and TCI-state IDi,2. The second TCI-state is optional. Whether the second TCI-state exists is determined by the Ci filed. TCI-state IDi,1 denotes the first TCI-state corresponding to TCI codepoint i of the DCI, and TCI-state IDi,2, if exists, denotes the second TCI-state corresponding to TCI codepoint i of the DCI. In other words, TCI-state IDi,j denotes the jth TCI-state corresponding to TCI codepoint i of each DCI.


TCI-state activation in multi-DCI based Multi-TRP transmission case is still questionable. To address this issue, a LS has been sent to RAN1 and the response from RAN1 is given as below [2].
LS Response from RAN1
Currently there is one MAC CE activating 8 TCI states for PDSCH reception. Without any change for mPDCCH mTRP transmission, a PDCCH transmission [for one TRP] will point to one of these 8 TCI states, thus the TRPs are sharing the 8 activated TCI states.
Question 2. Does RAN1 think the current operation is sufficient for mPDCCH mTRP operation? 
Answer 2:  RAN1 would like to support 8 activated TCI states per TRP, i.e. per CORESETPoolIndex. The total number of activated TCI states that a UE supports is subject to UE capability. Further detailed design is up to RAN2.  
According to the response from RAN1, up to 8 TCI-states can be active for each TRP (i.e., each CORESETPoolIndex) and the total number of TCI-states of the two TRPs is up to UE capability. No RAN1 change is expected. So, scheme like activating up to 16 TCI-state with the Rel-15 MAC CE and the two TRPs share these TCI-state is not feasible, as it need extending of TCI filed to 4 bits. Considering the very limited TU in RAN2, simple solution with limited specification impact of RAN2 is admired. From this consideration, the following method can be considered.
As the new MAC CE shown above is designed to activate the TCI-states of two TRPs. Naturally, it can be applied not only for the single-PDCCH case, but also for the multi-PDCCH case. For example, the two TCI-states in a TCI-state set (e.g., TCI-state IDi,1 and TCI-state IDi,2) denote the TCI-state corresponding to TCI codepoint i of the two TRP. Specifically, TCI-state IDi,1 denotes the TCI-state corresponding to TCI codepoint i of PDCCH associated with CORESETPoolIndex 0, and TCI-state IDi,2 denotes the TCI-state corresponding to TCI codepoint i of PDCCH associated with CORESETPoolIndex 1. In other words, TCI-state IDi,j denotes the TCI-state corresponding to TCI codepoint i of PDCCH associated with CORESETPoolIndex j-1.
As given above, in single-PDCCH case and multi-PDCCH case, the TCI-state mapping pattern of the MAC CE is different. These two cases can be distinguished according to the configuration of CORESETPoolIndex. In particular, if two values of CORESETPoolIndex are contained in the configured PDCCH-Config, it is the multi-PDCCH case. Otherwise, it is the single-PDCCH case. Therefore, we have the following proposal.
Proposal 2: If two different values of CORESETPoolIndex are contained in the configured PDCCH-Config, 
· TCI-state IDi,j denotes the TCI-state corresponding to TCI codepoint i for PDCCH associated with CORESETPoolIndex j-1;
Otherwise,
· TCI-state IDi,j denotes the jth TCI-state corresponding to TCI codepoint i.
Conclusion
[bookmark: OLE_LINK3]This paper mainly discusses about DL MAC CE signalling design for Rel-16 MIMO enhancement. Based on the above discussion, we have the following proposal:
Proposal 1: Support to reuse the legacy MAC CE formats of TCI States Activation/Deactivation for UE-specific PDSCH MAC CE and TCI State Indication for UE-specific PDCCH MAC CE for simultaneous multiple CCs/BWPs update.
Proposal 2: If two different values of CORESETPoolIndex are contained in the configured PDCCH-Config, 
· TCI-state IDi,j denotes the TCI-state corresponding to TCI codepoint i for PDCCH associated with CORESETPoolIndex j-1;
Otherwise,
· TCI-state IDi,j denotes the jth TCI-state corresponding to TCI codepoint i.
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