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1  Introduction

A new work item on MIMO evaluation for DL and UL was approved in RAN#94 meeting [1]. Extension of Rel-17 unified TCI framework for indication of multiple DL and UL TCI states is included in the WID. In this contribution, we mainly share our views on the issues and possible mechanisms of unified TCI for M-TRP.
2  Unified TCI framework for multi-TRP
In Rel-17, a unified TCI-based framework for DL and UL beam indication is introduced. Based on RRC signaling, UE can be configured with either joint TCI mode or separate DL/UL TCI mode. In our view, a mixed mode of joint TCI and separate DL/UL TCI can be considered in M-TRP. As illustrated in Fig.1, UE can be configured with separate DL/UL TCI mode for TRP 0, and joint TCI mode for TRP 1, since maximum permissible exposure (MPE) issue may be occurred for only one of the TRPs.
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Fig. 1 Mixed mode of joint TCI and separate TCI in M-TRP
For R16/17 M-TRP transmission schemes, two TRPs can be used for M-TRP transmission. The two TRPs can have the following combinations of TCI state.
 Case A) TRP 0: joint TCI state, TRP1: joint TCI state

Case B) TRP 0: separate DL/UL TCI state, TRP1: separate DL/UL TCI state

Case C) TRP0: joint TCI state, TRP1: separate DL/UL TCI state. Or, TRP0: separate DL/UL TCI state, TRP1: joint TCI state

In Rel-17 unified TCI framework, beam indication using the existing DCI formats 1_1/1_2 (with and without DL assignments) via the TCI field is supported. If only one TCI state is activated via MAC-CE, the activated TCI state will be used, and then DCI-based beam indication is not needed. It is straightforward to enhance the TCI state activation MAC-CE to accommodate different combinations of TCI state. The different TCI states combinations of one codepoint for case A), case B), and case C) are given in Table I
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From Table I, for case A) each TCI codepoint could have one or two TCI states to active the TCI states for one of the TRPs or both TPRs. For case B) each TCI codepoint could have 1-3 TCI states, while for case C) each TCI codepoint could have1-4 TCI states. The number of TCI states for each codepoint should be indicated via the TCI state activation MAC-CE. 
Proposal 1: On unified TCI framework for multi-TRP, the number of TCI states should be indicated via the TCI state activation MAC-CE.

To align the beam information between gNB and UE, each TCI state should be associated with a TRP id like CORESETPoolIndex. To determine the target channel(s) and RS(s) of each TCI state, the channels and RSs can also be associated with a TRP id. Based on the TRP id, the corresponding channel(s) and RS(s) of the indicated TCI state could be updated. 
Proposal 2: On unified TCI framework for multi-TRP, an index like TRP id should be introduced for each TCI state.

In Rel-17 M-TRP, the transmission schemes for different channel are decoupled. For example, the PDCCH can be M-TRP transmission (e.g., FDM/TDM), but PDSCH/PUCCH/PDSCH can be S-TRP transmission. In Rel-16, dynamic switching between S-TRP and M-TRP for PDSCH is achieved by indicating one TCI codepoint comprises single or double TCI states. In Rel-17, the DCI field SRS Resource Set indicator is used for dynamic switching between S-TRP and M-TRP for PUSCH. For unified TCI of M-TRP, the flexibility of dynamic switching between S-TRP and M-TRP should be kept, and how to support dynamic switching between S-TRP and M-TRP for each channel should be discussed.
Proposal 3: On unified TCI framework for multi-TRP, how to support dynamic switching between S-TRP and M-TRP for each channel should be discussed.
3  Power control enhancement for M-TRP
On Rel-17 unified TCI framework, for each of PUSCH and PUCCH, the setting of UL PC parameters can be associated with UL or joint TCI state, and a second TPC field can be configured for PUSCH and PUCCH. Therefore, TRP or beam specific power control can be achieved. In Rel-18, simultaneous UL transmission from multiple panels will also be discussed, how to support panel-specific power control should be discussed.

Before discussing the detailed power control schemes, the possible power amplifier architecture of the terminal should be discussed, since it is related to the preconditons of power control mechanism. For example, whether power sharing between two panels can be supported, or whether individual maximum Tx power limit of each panel should be introduced is depending on the PA design of multi-panel UEs. Moreover, if panel-specific maximum Tx power is supported, the power related information should be reported to gNB, whether the enhanced beam reporting framework for UE panel selection can be reused should also be studied.
Proposal 4: On power control enhancement for M-TRP, the following possible mechanism can be considered

· Power sharing between two panels

· Introduce panel-specific maximum Tx power

4  Conclusion

In this contribution, we share our views on unified TCI framework extension for multi-TRP. The observations and proposals are summarised as follows:
Proposal 1: On unified TCI framework for multi-TRP, the number of TCI states should be indicated via the TCI state activation MAC-CE.

Proposal 2: On unified TCI framework for multi-TRP, an index like TRP id should be introduced for each TCI state.

Proposal 3: On unified TCI framework for multi-TRP, how to support dynamic switching between S-TRP and M-TRP for each channel should be discussed.
Proposal 4: On power control enhancement for M-TRP, the following possible mechanism can be considered

· Power sharing between two panels

· Introduce panel-specific maximum Tx power

5 References

[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung (Moderator)

- 7/9 -


TRP 0
TRP 1
DL&UL beam
UL beam
DL beam



