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Introduction
In the RAN1 AdHoc meeting in January 2019, the following was agreed:
Agreement
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 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact
According to the above agreement, each codepoint in the DCI Transmission Configuration Indication field can be mapped to either 1 or 2 TCI states. This can be interpreted as follows:
A DCI in PDCCH schedules 1 or 2 PDSCHs with each PDSCH or each layer(s) or TB within a PDSCH associated with a different TCI state; the codepoint of the Transmission Configuration Indication field in DCI indicates the 1-2 TCI states associated with the 1 or 2 PDSCHs scheduled.  Additionally, according to the above agreement, at least for DMRS type 1, PDSCH DMRS associated with one TCI state is contained within one DMRS CDM group
In this paper, we provide our views on the MAC-CE signaling impact of the Rel-16 TCI indication framework.
Discussion of enhancements 
In NR Rel-15, up to 8 TCI states can be activated by MAC CE. The 3-bit TCI field in DCI is used to point to one of the activated TCI states. There is a one to one mapping between the activated TCI states and the codepoints of the TCI field in DCI. The MAC CE for activating/deactivating TCI states for UE specific PDSCH in NR Rel-15 as specified in 3GPP TS 38.321 includes the following fields: 
· A Serving Cell ID field that indicates the identity of the serving cell for which the MAC CE applies
· A BWP ID field that indicates the downlink bandwidth part for which the MAC CE applies
· A variable number of Ti fields each of which indicates the activation/deactivation status of one of the TCI states.  The codepoint to which a TCI state is mapped is determined by the ordinal position among all the TCI States which are activated. 
· A Reserved bit which is set to 0.
· A Reserved bit R: this bit is set to ‘0’ in NR Rel-15.

In the NR Rel-15 MAC CE for TCI States Activation/Deactivation for UE-specific PDSCH, a single codepoint of the TCI field can only be mapped to a single TCI State. The NR Rel-15 MAC CE cannot be used for NR Rel-16 PDSCH enhancements with multiple-TRPs where one codepoint in the TCI field needs to be mapped to either 1 or 2 TCI states.  
One aspect that will impact the MAC CE signalling is how to map up to two TCI states to a single codepoint in the TCI field.  It is envisioned that this information can be provided to the UE in two ways.  One way is to configure by RRC the number of TCI states to be mapped to a single TCI field codepoint.  An alternative way is to include the number of TCI states to be mapped to a single TCI field codepoint as a field in the MAC CE.  Hence, we should first downselect between these two alternatives.

Proposal 1:  Downselect between the following two alternatives on how to convey the number of TCI states to be mapped to a single codepoint in the TCI field to the UE:
Alternative 1:  the number of TCI states to be mapped to a single TCI field codepoint is RRC configured to the UE.
Alternative 2:  the number of TCI states to be mapped to a single TCI field codepoint is provided as part of the MAC CE.

[bookmark: _Hlk1120762]Furthermore, it is beneficial to dynamically switch between receiving from one or two TRPs.  Hence, it is beneficial to support TCI indication framework in Rel-16 that allows different TCI field codepoints to indicate different number of TCI states.  That is, we should support the possibility that some TCI field codepoints indicate a single TCI state and some other TCI field codepoints indicate multiple TCI states.

Proposal 2:  Rel-16 NR allows different TCI field codepoints to indicate different number of TCI states.  That is, we should support the possibility that some TCI field codepoints indicate a single TCI state and some other TCI field codepoints indicate multiple TCI states.

A third aspect that may potentially impact the MAC CE signalling is the proposal on if the number of bits in the TCI field should be extended from 3 to 4 which is currently being discussed in RAN1. With 4 bits in the TCI field, the number of activated TCI states can be up to 16 for single TRP operation, and up to 32 for multi-TRP operation.

Proposal 3:  Inform RAN2 to take into account the outcome on the proposal to extend the number of bits in the TCI field from 3 to 4 (if agreed) in the design of MAC CE Signaling for Rel-16 TCI framework.

In [1], we presented results that indicate URLLC transmission with three and four TRPs increase the reliability significantly compared to two TRPs in the BLER regions of interest.  The existing agreement on enhancing TCI framework in Rel-16 only applies for ‘at least for eMBB’.  Hence, given the results in [7], we propose that for URLLC up to 4 TCI states can be indicated in a TCI codepoint.  It should be noted that since a TCI state indicated in DCI corresponds to one CDM group, it may not be possible to indicate 4 TCI states for the case of SDM.  This is due to the limitation on the number of CDM groups (e.g., 2 CDM groups for DMRS type 1 and 3 CDM groups for DMRS type 2).  However, for FDM and TDM based schemes there is no such limitation and the resources being use for transmission from different TRPs are orthogonal.  If the number of TCI states indicated in a TCI codepoint is increased to up to 4, then the MAC CE impact needs to be considered. 
Proposal 4:  For FDM and TDM based URLLC multi-TRP schemes, extend the number of TCI states indicated by a TCI code point in a DCI to up to 4, and consider the related MAC CE signaling impact.

Conclusion 
In this paper, we provide our views on the MAC-CE signaling impact of the Rel-16 TCI indication framework. Based on the discussion in this contribution these proposals are made:

Proposal 1:  Downselect between the following two alternatives on how to convey the number of TCI states to be mapped to a single codepoint in the TCI field to the UE:
Alternative 1:  the number of TCI states to be mapped to a single TCI field codepoint is RRC configured to the UE.
Alternative 2:  the number of TCI states to be mapped to a single TCI field codepoint is provided as part of the MAC CE.

Proposal 2:  Rel-16 NR allows different TCI field codepoints to indicate different number of TCI states.  That is, we should support the possibility that some TCI field codepoints indicate a single TCI state and some other TCI field codepoints indicate multiple TCI states.

Proposal 3:  Inform RAN2 to take into account the outcome on the proposal to extend the number of bits in the TCI field from 3 to 4 (if agreed) in the design of MAC CE Signaling for Rel-16 TCI framework.

Proposal 4:  For FDM and TDM based URLLC multi-TRP schemes, extend the number of TCI states indicated by a TCI code point in a DCI to up to 4, and consider the related MAC CE signaling impact.
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