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1. Introduction
NR system specify multi-beam operation since 3GPP release 15 mainly to support FR2 systems. New WID for further enhancing NR MIMO [1] includes the following objectives for multi-beam operations:
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 


In this contribution, we present our views on various aspects on NR multi-beam operation enhancement. In particular, we will present our views on common beam operation, TCI state, inter-cell mobility, UL beam selection and MPE issues.
2. Common beam and Unified TCI State 
In current specification, the beam indication method is that the Tx beam is indicated per channel and signals. In downlink transmission, the Tx beams are indicated separately for PDCCH, PDSCH and CSI-RS transmission.  For PDCCH transmission, TCI-state is configured per CORESET. For PDSCH transmission, a MAC CE can activate multiple TCI-states and scheduling DCI dynamically select one of them for each PDSCH transmission. For CSI-RS transmission, TCI-state is configured or indicated per CSI-RS resource. Similarly, in uplink transmission, the Tx beams are indicated separately for PUSCH, PUCCH and SRS resource. That design does give system full flexibility of implementation. But on the other hand, it causes great overhead and latency of beam indication signaling. In some deployment, the system does not such implementation flexibility but has to bear such signaling overhead. Therefore, we propose to support a common beam operation mode, in which all the DL and UL channel use one same single beam pair link. Since the same beam is used for all the DL and UL transmission, a single signaling, for instance a DCI or MAC CE, can be used to switch the Tx beams for all the channels. 
Proposal 1: Support a common beam operation mode in which all the DL and UL channels and reference signals follow the same Tx beam and a single signaling can switch the Tx beam for the whole system.
Release 16 supports using one MAC CE to activate the same set of TCI-state ID(s) for PDSCH and PDCCH in multiple CCs. That feature only reduces the signaling overhead for beam indication. In real-field deployment, the system usually uses the same set of Tx beams for PDSCH and PDCCH transmission in all the CCs in the same band. Therefore, we shall indicate the same QCL-TypeD RS to the PDSCH and PDCCH in the CCs in the same band. To support that, one straightforward method is through gNB implementation. The gNB can configure same QCL-typeD RS in the TCI-state with same TCI-stateId in all the CCs in the same band. That can be achieved by the gNB implementation and the UE shall expect the gNB to configure TCI-states by that way if the mode of multi-CC TCI-state activation is configured.
Proposal 2: Support single common beam in multiple CCs.
One of the multi-beam operation enhancement objectives is to specify unified TCI framework for UL beam indication. We shall first examine the UL beam indication mechanism specified in current specification. For SRS resource and PUCCH, spatial relation info is used for UL beam indication.  The beam indication for PUCCH is provided by a PUCCH-SpatialRelationInfo, which contains one DL or UL RS providing Tx beam information and also the uplink power control parameters.  The beam indication for SRS is provided by an SRS-SpatialRelationInfo which contains one DL or UL RS providing Tx beam information. From our perspective, one SpatialrelationInfo configured to PUCCH or SRS resource provide the same function as one UL TCI-state and it is equivalent to a UL TCI-state. Therefore, it seems not necessary to introduce TCI framework for PUCCH and SRS resource.
The method of beam indication for PUSCH is different from that for PUCCH and SRS resource. The beam for PUSCH is indicated implicitly through the DCI field SRI. For codebook-based PUSCH transmission, the DCI field SRI indicate one SRS resource in the SRS resource set configured for codebook-based and the UE shall transmit the PUSCH with the same Tx beam as the SpatialRelationInfo configured to that SRS resource.  For non-codebook-based PUSCH transmission, the DCI field SRI indicates one or more SRS resources in the SRS resource set configured for non-codebook-based transmission and the UE shall transmit the PUSCH with the same Tx beam as the SpatialRelationInfo configured to the indicated SRS resources. If TCI state framework is specified for PUSCH transmission, the same information shall be indicated too. A TCI state for PUSCH shall be associated with SRS resources for port indication. Here both codebook-based and non codebook based PUSCH transmission shall be considered. The TCI state for PUSCH shall be associated with the information of a spatial relation info. However, what is the relationship between the indicated SRS resource for port indication and the indicated spatial relation info shall be carefully discussed. Furthermore, the TCI state for PUSCH shall be associated with pathloss reference signals and all other uplink power control parameters for PUSCH transmission.  
Proposal 3: A TCI state for PUSCH shall include or be associated with the following information:
· SRS resource(s) for port indication
· Spatial relation info
· Pathloss reference signals and power control parameters.

One of the objectives of FeMIMO WID is to enhance the beam management for inter-cell mobility. The beam switch procedure for inter-cell mobility supported in rel15 and rel16 introduces large latency in beam management operation when a UE switch from one serving cell to a target cell. One cause for that is the UE might need to go through the procedure of random access, RRC connection establishment, beam measurement and reporting, and TCI states indication.  Another cause for that is latency of TCI state activation due to an unknown TCI state. As specified in RAN4, if a TCI state is unknown to the UE, extra latency (which could be large) would be introduced on TCI state switch. 
To reduce the latency, we can consider to enhance beam measurement/reporting by including target cell SS/PBCH block and enhance beam indication by including target cell SS/PBCH block
Proposal 4: Study beam measurement/reporting and/or beam indication of SS/PBCH block of target cell for inter-cell mobility.
3. UL Beam/Panel Selection and MPE Issue
The objective of enhancement of multi-beam operations includes identifying and specifying features to facilitate UL beam selection for UE equipped with multiple panels.
We can first review the UL beam selection mechanisms specified in release 15 and 16.  For PUCCH and SRS resource, the UL beam indication is through spatial relation info framework. The UE is provided with a spatial relation info for a PUCCH and SRS resource, which contains a CSI-RS resource index, SS/PBCH block index or an SRS resource Id.  If a CSI-RS resource index or an SS/PBCH block index is provided, the UE choose an UL Tx beam that corresponds to the UE Rx beam used to receive the CSI-RS resource or SS/PBCH block. If a SRS resource is provided, the UE choose the UL Tx beam that is applied on the indicated SRS resource. For PUSCH transmission, the UE choose UL beam according to the SRS resource(s) indicated by the SRI DCI field. 
The UL beam indication mechanisms specified so far is able to support UL beam selection for a UE with multiple Tx panels.  For a UE with beam correspondence, the UL beam indication is through indicating a DL RS ID. The UE would choose one Tx beam on one particular Tx panel according to the Rx beam(s) and Rx panel(s) used to receive the DL RS. For a UE without beam correspondence, the UE can be configured with multiple SRS resource sets for UL beam training and the UE can map those SRS resources to different Tx panels by UE implementation. When a SRS resource is indicated for UL signal transmission, the UE shall use the same Tx beam and Tx panel. On limitation of the UL beam indication method of release 15 and 16 is the UE might need turn on all the Tx panels simultaneously because the UE does not know beforehand which CSI-RS resource, SS/PBCH block or SRS resource would be indicated by the gNB through DCI or MAC CE. However, one implementation solution for the UE is the UE can turn on the Tx panel semi-statically. When one Tx panel is on, the UE use the corresponding Rx beam(s) and panel to measure downlink beams and only that the activated Tx panel to transmit SRS resource for uplink beam sweeping.
To optimize the UL beam selection for UE with multiple Tx panels, one critical issue is power consumption. In mmWave band, the power efficiency of a PA is lower than those of sub-6GHz. Implementing multiple Tx panels usually means multiple PAs, which leads to more transmission power consumption. Therefore, the design work for multi-beam operation enhancement for multi-panel UE shall consider how to reduce the power consumption. In our view, the motivation for specifying panel specific transmission is to assist the power saving of multi-panel UEs.  Various approaches for improving power efficiency or saving power can be considered for multi-panel UEs. One method for saving power is the UE can deactivate some Tx panels when they are not used during a particular time period. Of course, the tradeoff between the performance (e.g., throughput, latency) and power consumption shall be carefully investigated with common evaluation assumptions. 
Proposal 5: UL panel selection and beam selection shall support activating only one Tx panel to save UE power.
To facilitate UL panel selection and beam selection for uplink transmission, we shall support UE panel-specific beam measurement and reporting. For UE with beam correspondence, the gNB selects UL beam based on the measurement results of downlink beam sweeping.  To assist the gNB selecting and indicating UE panel for uplink transmission, the UE can report ID associated with UL Tx panels along with reported CRI or SSBRI and the corresponding L1-RSRP measurement or L1-SINR measurement. For one gNB Tx beam, it is possible that the UE receive it with good L1-RSRP or L1-SINR at multiple Rx panels and thus it is feasible for the UE to choose any one of those Tx panel to transmit uplink signal if that gNB Tx beam is provided for uplink transmission. Therefore, in panel-specific beam reporting, the UE shall be allowed to report one more IDs of UL Tx panel along with one reported CRI or SSBRI. One benefit of that design is the overhead of downlink reference signal resource is reduced. 
Proposal 6: Consider panel-specific beam measurement and reporting.
When MPE issue occurs, the UE shall reduce the transmit power for directions pointing to human body due to the RF exposure compliance reason. From perspective of RAN1, in FR2 system, the UE shall reduce the maximal transmit power for those Tx beams pointing to human body.  If the UE is smart enough to sense the location of human body accurately, the UE can apply reduced maximal transmit power on each refined Tx beam direction. However, if the UE cannot estimate the location of human body accurately, the UE would have to apply power back-off over a wider beam direction. To address the MPE issue in RAN1, the first question we shall study is at which level the UE is able to apply power back-off due to MPE problem, per Tx beam or Tx panel.
Proposal 7: First study the feasibility of per-beam or per-panel human detection and send LS to RAN4 to ask about the feasibility.
To ensure compliance with applicable electromagnetic energy absorption requirements, the UE  shall use a P-MPR in determining its configured maximum output power. As specified in RAN4, the UE can select the configured maximum output power    within a lower bound and an upper bound:

where the lower bound is calculated as
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
and upper bound is:
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
For each particular value of , the UE choose a value within those two bounds based on the uplink transmission duty cycle. If the UE transmits uplink with higher duty cycle, the UE would choose a smaller value and if the UE transmits uplink with lighter duty cycle, the UE could choose a large value within the bounds.
To resolve the MPE issue, the rel16 design in RAN4 is the UE can report a P-MPR through MAC CE to the system. For rel17 work in RAN1, that mechanism can be starting point for further enhancement.  For further optimization to resolve the MPE issue, we can consider to enhance the P-MPR reporting mechanism. The UE can report panel-specific P-MPR or uplink Tx beam-specific P-MPR value to the gNB to assist the gNB on uplink Tx beam selection.
Proposal 8: Based the RAN4 reply on feasibility of per-beam or per-panel human detection, consider to use the mechanism of reporting P-MPR as starting point for further enhancements.

4. Conclusion
In this contribution, we presented our views on enhancement for multi-beam operation, including common beam operation, TCI-state, UL panel selection and MPE issue. Based on the discussion, the following proposals are provided:
Proposal 1: Support a common beam operation mode in which all the DL and UL channels and reference signals follow the same Tx beam and a single signaling can switch the Tx beam for the whole system.
Proposal 2: Support single common beam in multiple CCs.
Proposal 3: A TCI state for PUSCH shall include or be associated with the following information:
· SRS resource(s) for port indication
· Spatial relation info
· Pathloss reference signals and power control parameters.

Proposal 4: Study beam measurement/reporting and/or beam indication of SS/PBCH block of target cell for inter-cell mobility.
Proposal 5: UL panel selection and beam selection shall support activating only one Tx panel to save UE power.
Proposal 6: Consider panel-specific beam measurement and reporting.
Proposal 7: First study the feasibility of per-beam or per-panel human detection and send LS to RAN4 to ask about the feasibility.
Proposal 8: Based the RAN4 reply on feasibility of per-beam or per-panel human detection, consider to use the mechanism of reporting P-MPR as starting point for further enhancements.
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