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Introduction
In RAN plenary #94-e [1], unified TCI framework extension for multi-TRP was agreed to be studied in Rel-18 MIMO evolution. In addition, beam indication for simultaneous transmission with multi-panel (STxMP) and power control enhancement for multi-TRP operation based on unified TCI framework were also agreed to be studied.
	1. 
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.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


3. 
In this paper, we share our views on unified TCI framework extension for multi-TRP. The rest of this paper is structured as follows. Section 2 raises critical issues regarding unified TCI framework extension. Section 3 and 4 provide our views on STxMP and UL power control based on the unified TCI framework. Summary and conclusion are provided in Section 5.
Unified TCI framework extension for multi-TRP
To extend the coverage, and thereby enabling low-cost FR2 deployment by reusing existing FR1 urban macro site locations, one possibility is to use larger arrays for analog beamforming at the gNB to better support FR2. Considering the association of narrower beams with a larger antenna array, the signaling storm may happen due to more frequent beam switching specially in the multi-TRP scenario. In this section, we provide our views on issues pertaining to the introduction of unified TCI framework to multi-TRP to facilitate the use of large antenna arrays.
Enhancement on TCI states indication signaling
In Rel-16 and Rel-17, beam indication for channels (PDCCH/PDSCH/PUCCH/PUSCH) transmitted in multi-TRP mode was already supported. As shown in Fig. 1, each channel can be transmitted in one or more multi-TRP modes. Several different beam indication methods are supported for different channels or different multi-TRP modes of the same channel. For example, for PDCCH transmitted in SFN mode, two beams of the PDCCH are indicated with one MAC-CE. While for PDCCH repetition based on two CORESETs, two MAC-CEs are used to indicate a beam for each CORESET.
Observation 1: In current specifications, multiple mechanisms are used for beam indication for different channels transmitted in multi-TRP mode.
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Figure 1: The beam indication signalling for multi-TRP in Rel-16/17
In Rel-17 unified TCI framework, beam indication for different channels is unified where one signalling (MAC-CE or DCI) can be used to indicate the beam for all channels. It is natural to consider such mechanism in Rel-18 for multi-TRP transmission. In other words, beam indication for multi-TRP PDCCH/PDSCH/PUSCH/PUCCH and CSI-RS/SRS (if configured to follow the same beam as PDSCH/PUSCH) should be unified in Rel-18. In Rel-18, similar to the beam indication under unified TCI framework in Rel-17, when MAC-CE activates only one TCI for a single TRP or one pair of TCI states for two TRPs, the TCI state(s) could be directly used without DCI indication. Alternatively, when more than one (pair of) TCI states is activated by MAC-CE, transmission configuration indication field in DCI 1_1/1_2 with/without data scheduling could be used to indicate one (pair) of TCI states from the activated TCI states. Furthermore, as discussed, several different TCI state indication mechanisms are currently supported for multi-TRP transmission schemes and a single MAC-CE based signalling mechanism should be considered to address beam indication for all transmission schemes in Rel-18.
Proposal 1: A unified MAC-CE based TCI state indication signalling should be used for beam indication of all channels and transmission schemes for multi-TRP.
Rel-17 TCI indication signalling is intended for single TRP based beam indication. As mentioned above, one possible enhancement is to extend the Rel-17 TCI indication signalling to support indicating two beams for two TRPs. However, even in multi-TRP mode, it may be required to update only one of the two beams. In such a case, the following two issues need to be addressed in beam indication signalling design:
1. Rel-18 unified beam indication signalling design should support indicating both single beam and a pair of beams for two TRPs. For example, for the MAC-CE based signalling, when two TCI states are already activated, a MAC-CE should be able to update the pair of beams or update only one beam in the pair. 
2. When only one TCI state is signalled for the two TRPs, there should be a mechanism for the UE to know which of the two active TCI states needs to be updated. 
For the sake of simplicity and flexibility, a unified signalling design is preferred for the case that only one TCI state is updated for one TRP from the pair of TRPs and the case that a pair of TCI states is updated for the pair of TRPs. 
Proposal 2: Rel-18 multi-TRP beam indication should support a unified signalling design for the case that only one TCI state is updated for one TRP from the pair of TRPs and the case that a pair of TCI states is updated for the pair of TRPs.
Mapping rule of TCI-state for channels in multi-TRP mode
In Rel-16 and Rel-17, for DL/UL reliability and capacity enhancement, multiple multi-TRP transmission modes were supported. For example, single-DCI based and multi-DCI based multi-TRP PDSCH transmission were supported for ideal and non-ideal backhaul cases, respectively. Various repetition based transmission schemes were also supported for control/data channels to improve reliability. In addition, SFN based PDSCH transmission for HST scenario was supported in Rel-17. 
For all of the above multi-TRP transmission modes, two TCI states are used for transmission/reception. However, several different rules are used to (implicitly) map each of the two TCI states to its corresponding TRP. For example, for single-DCI based NCJT transmission, the two TCI states are mapped to two CDM groups of the PDSCH while, for multi-DCI based NCJT transmission, the two TCI-states are mapped to two codewords corresponding to different CORESETPoolIndex values. Regarding the TCI state indication for PDCCH repetition in Rel-17, two MAC-CEs are used to indicate TCI state for the corresponding CORESETs, i.e., the mapping is achieved by a separate MAC-CE for each CORESET.
Observation 2: For different multi-TRP transmission modes, different rules are used to (implicitly) map each of the two TCI states to its corresponding TRP in current specifications.
In Rel-18, when UE is indicated with two TCI-states for two TRPs, it should be clarified how to map the two TCI states to each channel/RS transmission in the multi-TRP mode. The legacy mapping rules deign can be considered as a starting point.
Proposal 3: For different multi-TRP transmission modes, mapping rules between the activated/indicated TCI states and the TRPs should be studied to enable UE to use the correct TCI state for receiving/transmitting each channel/RS.
Beam indication for STxMP
For the simultaneous multi-panel (STxMP) UL transmission objective in the WID, we believe that RAN1 first needs to study and justify its performance gain relative to TxSP and its application scenarios. Our companion paper [2] provides detailed analysis on scenarios and performance gain for STxMP. If RAN1 agrees that STxMP UL transmission needs to be specified in Rel-18, the beam indication mechanism for STxMP should also be developed. Our view is that the beam indication mechanism for STxMP UL transmission could be similar to the TDMed UL transmission as, for both cases, two UL beams (TCI states) need to be indicated. 
Proposal 4: RAN1 first needs to study and justify the performance gain of STxMP relative to TxSP and its application scenarios. The beam indication mechanism for STxMP should be developed only if RAN1 agree that STxMP UL transmission needs to be specified in Rel-18.  
UL power control enhancements for multi-TRP
On UL power control in unified TCI framework, following was agreed in Rel-17:
	RAN1#105-e
Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic

RAN1#106b-e
Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC 
· FFS : MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI  state
· Above is applicable for eMBB
· FFS : Details on power control setting for URLLC


Power control parameters configuration and application
In unified TCI framework in Rel-17, a PL-RS ID can be included in DLorJoint-TCIState-r17 or UL-TCIState-r17. By configuring the Uplink-powerControlId in the TCI state, the power control parameter set (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS can also be associated to the TCI state. Therefore, when a joint TCI state or UL TCI state is indicated, the corresponding power control settings and PL-RS can be determined using the above configured association.
[bookmark: _GoBack]In parallel, in Rel-17 multi-TRP, a separate beam indication/ power control mechanism for each TRP has been specified where power control parameters for each TRP is obtained via an association with the PUCCH spatial relation info.
Observation 3: Parallel power control enhancements were introduced in Rel-17 including power control parameters association under unified TCI framework and power control parameter extension for UL multi-TRP transmission.
In our view, the power control mechanism in Rel-18 can be based on Rel-17 enhancements for both unified TCI framework and multi-TRP. For example, in multi-TRP scenario, two joint TCI states or UL TCI states can be configured and a power control parameter setting index can be included in each configured TCI state. The power control parameter setting index links the TCI state to sets of power control parameters including P0, alpha and close loop index for PUCCH/PUSCH/SRS. Similar extension can be considered for the enhancements in Rel-17 multi-TRP including per TRP based closed-loop/open-loop power control.
Proposal 5: Power control parameters association under unified TCI framework and power control parameter extension for UL multi-TRP transmission can be jointly used as the starting point to specify power control enhancement of Rel-18.
Considerations on per-panel power control
In current specifications, power control design assumes a single UL beam/panel based transmission. Although multi-TRP based UL transmission was supported in Rel-17, it is in a TDM mode and hence only one UL beam/panel is used for transmission at a time. In Rel-18, since STxMP is considered, the situation can be different, i.e. two UE panels may be used for simultaneous transmission. In such a case, power should be allocated for each panel and the sum of power for the two panels should be no greater than a Pcmax. Such a limitation is not considered in the current power control mechanisms.
Observation 4: Power control for STxMP is not supported by legacy power control framework which does not consider the sum power limitation across two panels. 
UE panel architecture restrictions such as PA capability should also be considered in specifying the power control mechanism. In a typical structure where each UE panel is equipped with a PA unit, an independent power restriction should be applied for each panel due to the capability of each PA. Hence, comparing to legacy power control mechanism where only a UE level maximum power limit is considered, a panel-level maximum power limit should also be introduced.
Proposal 6: If RAN1 agree that STxMP UL transmission needs to be specified in Rel-18, An independent power limit (Pcmax,i) for each panel as well as a sum power limit across two panels (Pcmax) should be considered when specifying power control mechanism for STxMP UL transmission. 
Summary and conclusion
In this contribution, we observe and propose the following:
Observation 1: In current specifications, multiple mechanisms are used for beam indication for different channels transmitted in multi-TRP mode.
Observation 2: For different multi-TRP transmission modes, different rules are used to (implicitly) map each of the two TCI states to its corresponding TRP in current specifications.
Observation 3: Parallel power control enhancements were introduced in Rel-17 including power control parameters association under unified TCI framework and power control parameter extension for UL multi-TRP transmission.
Observation 4: Power control for STxMP is not supported by legacy power control framework which does not consider the sum power limitation across two panels. 

Proposal 1: A unified MAC-CE based TCI state indication signalling should be used for beam indication of all channels and transmission schemes for multi-TRP.
Proposal 2: Rel-18 multi-TRP beam indication should support a unified signalling design for the case that only one TCI state is updated for one TRP from the pair of TRPs and the case that a pair of TCI states is updated for the pair of TRPs.
Proposal 3: For different multi-TRP transmission modes, mapping rules between the activated/indicated TCI states and the TRPs should be studied to enable UE to use the correct TCI state for receiving/transmitting each channel/RS.
Proposal 4: RAN1 first needs to study and justify the performance gain of STxMP relative to TxSP and its application scenarios. The beam indication mechanism for STxMP should be developed only if RAN1 agree that STxMP UL transmission needs to be specified in Rel-18.  
Proposal 5: Power control parameters association under unified TCI framework and power control parameter extension for UL multi-TRP transmission can be jointly used as the starting point to specify power control enhancement of Rel-18.
Proposal 6: If RAN1 agree that STxMP UL transmission needs to be specified in Rel-18, An independent power limit (Pcmax,i) for each panel as well as a sum power limit across two panels (Pcmax) should be considered when specifying power control mechanism for STxMP UL transmission. 
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