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1. Introduction
RAN2 earlier received an LS on multi-TRP/panel transmission [1]. In this LS, RAN2 is asked to design the MAC CE for single PDCCH based multi-TRP/panel transmission, as excerpted below.
-	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.
Whilst there were a couple of papers proposing the stage-3 level design of the MAC CE in the past meetings [2-6], this paper attempts to provide another alternative and highlight the difference amongst the possible alternatives.
2. Discussion
2.1. Recap of TCI states activation/deactivation for PDSCH in Rel-15
TCI states for PDSCH are configured by RRC, at first. Up to 128 TCI states can be configured per BWP per serving cell. Amongst the configured TCI states, up to 8 TCI states can be activated (per BWP per serving cell) by MAC CE (i.e. TCI States Activation/Deactivation for UE-specific PDSCH MAC CE). The activated TCI states are mapped onto the DCI Transmission Configuration Indication field, as specified in TS 38.212. The activated or deactivated TCI states are indicated by the bitmap as in Fig.2.1-1 excerpted from TS 38.321. The Ti (i = 0 to 127) field indicates whether the TCI state ID i is activated (value 1) or deactivated (value 0). The codepoint to which the TCI State is mapped is determined by its ordinal position amongst all the activated TCI States (with Ti field set to 1). Needless to say, the Rel-15 mechanism is assumed that PDSCH is scheduled from the same TRP/panel as PDCCH is transmitted (i.e. single TRP/panel transmission).


Fig.2.1-1:	TCI States Activation/Deactivation for UE-specific PDSCH MAC CE (as specified in TS 38.321, Figure 6.1.3.14-1)

2.2. Extension for single PDCCH based multi-TRP/panel transmission
As the first step, there exists alternatives whether the number of TCI states mapped onto a single TCI code point in DCI is configured by RRC or directly indicated by MAC CE [3]. For multi-TRP/panel transmission, a single DCI can schedule one or two PDCSH transmitted over different TRPs. For this scheme, TRPs are likely to be deployed closely with ideal backhaul. In that case, dynamic interaction between TRPs are feasible to decide the number of PDSCHs scheduled over multiple TRPs. As such, the MAC CE approach makes sense to indicate the number of TCI states mapped onto a single TCI code point.
Proposal 1:	The number of TCI states mapped onto a single TCI code point in DCI is indicated by MAC CE.
If a new MAC CE is introduced for multi-TRP/panel transmission, it can be based on the existing MAC CE as illustrated in Fig2.1-1. The key ideas are:
Step1:	For a given serving cell and BWP, all the activated TCI states are indicated by the bitmap as in the existing MAC CE;
Step 2:	Amongst the activated TCI states, one or two TCI states are mapped onto each TCI code point.
This approach is similar to the solution proposed in [2], whilst the proposal is to modify the existing MAC CE. Assuming that up to 8 TCI states can be activated per BWP per serving cell as in Rel-15, one alternative of the new MAC CE is illustrated in Fig.2.2-1. The purpose of the Ti field is to activate and deactivate up to 8 TCI states as in the existing MAC CE. On top of that, a new field called ATi (i = 0 to 7) in the figure indicates the active TCI states mapped on to each TCI code point. AT0 designates the first TCI state activated in the bitmap of the Ti field with ordinal position. AT1 designates the second TCI state activated in the bitmap of the Ti field, and so on. The ATi fields in Octet N+1 indicates TCI state(s) mapped onto the TCI code point of 000, and so on. If AT0 is set to 1 in Octet N+1, the first activated TCI state is mapped on to TCI code point 000. If AT1 and AT6 are set to 1 in Octet N+2, the second and seventh activated TCI states are mapped onto TCI code point 001.
This approach can map one or two activated TCI states onto a single TCI code point. Depending on the number of TCI states configured by RRC, the total length of MAC CE is smaller or larger than the proposal in [5]. On the other hand, it cannot indicate whether the activated TCI state is applied to TRP#1 or TRP#2.



Fig.2.2-1:	Example of new MAC CE for multi-TRP/panel transmission
If TRP applied for the activated TCI state has to be explicitly indicated, as proposed in [6], another alternative is to indicate the presence of the 1st and/or 2nd TCI state(s) mapped on to a TCI field as illustrated in Fig.2.2-2. The P field in Fig.2.2-2 is used to indicate whether the subsequent field is valid or not. The 1st TCI state is used for TRP#1, and the 2nd TCI state is for TRP#2. By doing this, the new MAC CE can indicate the TCI state for TRP#1 and/or the TCI state for TRP#2 at the same time. 


Fig.2.2-2:	Another example of new MAC CE for multi-TRP/panel transmission
To decide the detailed MAC CE design for further, one open issue raised in this paper is whether the activated TCI state should be indicated for each TRP, respectively or it does not matter from the UE viewpoints. In addition to the maximum number of activated TCI states (8 as in Rel-15 or more), it should also be answered by RAN1.
Proposal 2:		Ask (or wait) for RAN1 feedback on:
-	The maximum number of activated TCI states per BWP per serving cell (8 as in Rel-15 or more);
-	Whether the activated TCI state should be explicitly indicated for each TRP, respectively or not.
3. Summary and proposal
In summary, the followings are proposed to work on the MAC CE design for further.
Proposal 1:	The number of TCI states mapped onto a single TCI code point in DCI is indicated by MAC CE.
Proposal 2:		Ask (or wait) for RAN1 feedback on:
-	The maximum number of activated TCI states per BWP per serving cell (8 as in Rel-15 or more);
-	Whether the activated TCI state should be explicitly indicated for each TRP, respectively or not.
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