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Introduction
In RAN#94e, the Rel-18 WID of further enhancements on MIMO for NR was approved [1], with the following objective to enhance unified TCI framework .
	2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.


In this contribution, the potential enhancements on multi-TRP using Rel-17 unified TCI framework are discussed.

Discussion
Multi-TRP scheme
In Rel-16, both single-DCI based and multi-DCI based multi-TRP schemes were specified. For single-DCI based multi-TRP scheme, the enhancements are only applicable to PDSCH, where PDSCH is associated with multiple TCI states. For multi-DCI based multi-TRP scheme, the enhancements are applicable to both PDSCH and PUSCH, where multi-DCI based PUSCH is only applied to the limited scenario, e.g. out-of-order PUSCH. In Rel-17, single-DCI based PUSCH was specified, where PUSCH is associated with multiple spatial relations targeting multiple TRPs.
To support unified TCI framework in multi-TRP deployment scenario, both single-DCI and multi-DCI based multi-TRP schemes can be studied. 
Single-DCI based multi-TRP scheme 

PDSCH/PUSCH reliability and robustness can be attained through single-DCI in the scenario with ideal-backhaul. For single-DCI based multi-TRP scheme, single DCI can schedule multiple PDSCH/PUSCH transmissions with different beams, where the different beams are indicated by TCI states in the single DCI. For single-DCI based multi-TRP PUSCH, the DCI needs to be enhanced to indicate at least multiple TCI states in a single DCI, so that different beams can be applied to different TRPs.

Multi-DCI based multi-TRP scheme 

For multi-DCI based multi-TRP scheme, two independent DCIs from two TRPs schedule multiple PDSCH/PUSCH repetitions of one TB, where the different beams are indicated by TCI states in the different DCIs. However, gNB should let UE know which two DCIs schedule the PDSCH/PUSCH repetition of the same TB. By this way, different resource allocations as well as different TCI states can be indicated in DCIs from different TRPs. 
From the above analysis, multi-DCI based multi-TRP scheme has less impact on DCI design. However, it increases the scheduling complexity and has more signaling overhead. In contrast, by extending the DCI, single-DCI based multi-TRP scheme has less scheduling complexity. In addition, single-DCI based multi-TRP scheme would be a more typical design. Therefore, single-DCI based multi-TRP scheme should be discussed with higher priority.
Proposal 1: Single-DCI based multi-TRP scheme should have a higher priority than multi-DCI based multi-TRP scheme.

Indication of multiple DL/UL TCI states
For the unified TCI framework in Rel-17, one TCI field codepoint in a DCI indicate only one TCI state or one pair of TCI state (e.g. M=1, N=1, M=N=1), where the source reference signal in the DL TCI/joint TCI provides QCL information for PDCCH/PDSCH/CSI-RS, and the source reference signal in the UL TCI/joint TCI is used to determine UL TX spatial filter for dynamic-grant/configured-grant based PUSCH/PUCCH/SRS. For single-DCI based multi-TRP scenario, one TCI field codepoint in a DCI can indicate two TCI states/two pairs of TCI state, each of which is corresponding to one respective TRP. By this way, each TCI state/pair of TCI state can provide common source reference signal for determining the DL QCL information and the UL TX spatial filter for the respective TRP. Therefore, for single-DCI based multi-TRP scheme, the TCI field should be enhanced to indicate multiple TCI states/pairs of TCI state (i.e., M>1, N>1).
Proposal 2: For single-DCI based multi-TRP scheme, the TCI field should be enhanced to indicate multiple TCI states/pairs of TCI state (i.e., M>1, N>1).

In Rel-17, the DL TCI state and UL TCI state indication for unified TCI framework is identified by Unified TCI States Activation/Deactivation MAC CE with variable size and six fields: serving cell ID, DL BWP ID, UL BWP ID, Pi, D/U and TCI state ID. Regarding the DL TCI state and UL TCI state indication for unified TCI framework in single-DCI based multi-TRP scenario, the Unified TCI States Activation/Deactivation MAC CE can be enhanced to support unified TCI framework in multi-TRP. 

The enhanced MAC CE format is shown in Figure 1, in which the following extra fields are introduced:

- TCI state ID i_2: If the TCI state ID is joint/downlink TCI state, this field indicates the TCI state identified by TCI-StateId and the length of this field is 7 bits. If the TCI state ID is uplink TCI state, this field indicates the TCI state identified by UL-TCIState-Id, where the most significant bit of TCI state ID i_2 is considered as the reserved bit and remaining 6 bits indicates the UL-TCIState-Id.
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Figure 1: Enhanced Unified TCI States Activation/Deactivation MAC CE
As shown in Figure 1, two TCI state ID shall be present to indicate that there are two TCI states are present for one codepoint, for example, the first codepoint in DCI is associated to two TCI states (i.e TCI state ID 1_1 and TCI state ID 1_2).
Proposal 3: The existing Unified TCI States Activation/Deactivation MAC CE can be enhanced to support the DL TCI state and UL TCI state indication for unified TCI framework in multi-TRP.
For the unified TCI framework in Rel-17, UE can be configured with a list of DLorJointTCIState to provide common QCL information for PDCCH/PDSCH/CSI-RS and providing common UL TX spatial filter for dynamic-grant and configured-grant based PUSCH/PUCCH/SRS. Regarding the activation of TCI state, the TCI field in the DCI indicates one of the codepoints where the codepoints are activated by the MAC CE, then the TCI state or pair of TCI states corresponding to that codepoint is activated. Therefore, for multi-DCI based multi-TRP scheme, two TCI states or two pairs of TCI state can be activated and each TCI state or pair of TCI state shall be applied to the corresponding TRP. In detail, as shown in Figure 2, the TCI state or pair of TCI state indicated by DCI from TRP1 shall be applied to provide QCL information for reception of PDCCH/PDSCH/CSI-RS from TRP1 and provide UL TX spatial filter for transmitting dynamic-grant and configured-grant based PUSCH/PUCCH/SRS to TRP1; while the TCI state or pair of TCI state indicated by DCI from TRP2 shall be applied to provide QCL information for reception of PDCCH/PDSCH/CSI-RS from TRP2 and provide UL TX spatial filter for transmitting dynamic-grant and configured-grant based PUSCH/PUCCH/SRS to TRP2. Therefore, to avoid confusion of beam application time in multi-DCI based multi-TRP scenario, the association between the activated TCI state and TRP shall be determined. 
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Figure 2: New beam associated to the corresponding TRP
Proposal 4: For multi-DCI based multi-TRP scheme, the association between the activated TCI state and TRP shall be determined. 
In Rel-17, when the UE would transmit a PUCCH with HARQ-ACK information corresponding to the PDSCH scheduled by the DCI carrying the TCI state indication, and if the indicated TCI state is different from the previously indicated one, the indicated TCI should be applied starting from the first slot that is at least BeamAppTime_r17 symbols after the last symbol of the PUCCH. For multi-DCI based multi-TRP scheme, if separate ACK/NACK feedback mode is configured, two PUCCHs carrying HARQ-ACK information are transmitted to the respective TRP. As shown in Figure 2, when two PUCCHs are transmitted in two slots, the reference for counting beam application time may be ambiguous. If reference for counting beam application time is determined per TRP, the reference for counting beam application time for new beam for TRP1 is the last symbol of the PUCCH1; while the reference for counting beam application time for TRP2 is the last symbol of the PUCCH2. Therefore, for multi-DCI based multi-TRP scheme, the reference for counting beam application time for new beam shall be the last symbol of the corresponding PUCCH.
Proposal 5: For multi-DCI based multi-TRP scheme, the reference for counting beam application time for new beam shall be the last symbol of the corresponding PUCCH.
Power control for single-DCI based multi-TRP scheme 
For the unified TCI framework in Rel-17, the PL-RS for PUSCH/PUCCH/SRS is indicated by PL-RS ID included in the indicated TCI state in DCI. Since the uplink transmission to two TRPs may pass through different propagation paths, resulting in different path losses, different power control parameters need to be used to determine the uplink transmit power for the different TRPs. In contrast, if a same set of power control parameters (e.g. PL-RS, P0, alpha, closed loop index) is used, it is difficult to adjust the UL Tx power to the two TRPs. Therefore, power control parameters should be separate for the multiple TRPs. 

Proposal 6: The power control parameters (e.g. PL-RS, P0, alpha, closed loop index) should be separate for the multiple TRPs.
In Rel-16, when URLLC transmissions collide with eMBB traffic from other UE, the power of URLLC transmissions is boosted by modifying P0 to control the open loop power in case of collision. However, for multi-TRP based uplink transmission, the eMBB traffic creating interference only at one of the two TRPs is possible, hence, power boosting of the two TRPs shall be controlled separately. As shown in the Figure 3, URLLC traffic from UE1 collides with eMBB traffic from UE2 only at TRP1, hence, power boost is only conducted for UE1 at TRP1. Therefore, open loop power control should be conducted per TRP.
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Figure 3: Open loop power control per TRP
Proposal 7: Open loop power control should be conducted per TRP.
Conclusion

In this contribution, we discuss potential enhancements on multi-TRP using Rel-17 unified TCI framework. Based on the discussion above, we provide the following proposals:
Proposal 1: Single-DCI based multi-TRP scheme should have a higher priority than multi-DCI based multi-TRP scheme.
Proposal 2: For single-DCI based multi-TRP scheme, the TCI field should be enhanced to indicate multiple TCI states/pairs of TCI state (i.e., M>1, N>1).
Proposal 3: The existing Unified TCI States Activation/Deactivation MAC CE can be enhanced to support the DL TCI state and UL TCI state indication for unified TCI framework in multi-TRP.
Proposal 4: For multi-DCI based multi-TRP scheme, the association between the activated TCI state and TRP shall be determined. 
Proposal 5: For multi-DCI based multi-TRP scheme, the reference for counting beam application time for new beam shall be the last symbol of the corresponding PUCCH.
Proposal 6: The power control parameters (e.g. PL-RS, P0, alpha, closed loop index) should be separate for the multiple TRPs.
Proposal 7: Open loop power control should be conducted per TRP.
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