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[bookmark: _Hlk521259925]A new work item on NR_FeMIMO (Further enhancements on MIMO for NR) was approved in RAN#86 meeting [1], with the following objectives: 
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. [bookmark: _Hlk31223896][bookmark: _Hlk31226182][bookmark: _Hlk31223866]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 will discuss on enhancements for multi-beam operation.
Discussion on L1/L2-centric inter-cell mobility


Figure 1: Inter-gNB handover procedure.
As shown in Figure 1, w.r.t. legacy L3-based inter-gNB handover procedure in R15/R16, the source gNB can provide partial or full RRC configuration information of the target gNB to the UE by HO command, which is simply forwarding of RRCReconfiguration message received in the HANDOVER REQUEST ACKNOWLEDGE from the target gNB [2].
Note that only minimum information set included in RRCReconfiguration message is specified (see TS 38.300 Clause 9.2.3), as following,
	The RRCReconfiguration message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention-based and contention-free random access can be included in the RRCReconfiguration message. The access information to the target cell may include beam specific information, if any.


Nevertheless, whether to provide more information to the UE by HO command depends on network implementation. For instance, the measurement configuration of the target gNB can also be configured to the UE by HO command.
Based on above assumption,
· Before HO: the UE can obtain the beam specific L1 measurement configuration of the target gNB through HO command, depending on network implementation;
· After HO: the UE can quickly report instant L1 measurement result to the target gNB depending on pre-configured beam specific L1 measurement configuration before HO.


Figure 2: Random access procedures for contention-free.
Note that as shown in Figure 2, random access procedures for contention-free only involves two steps as following:
· Step 1: UE sends Msg 1 which is pre-assigned by HO command;
· Step 2: target gNB sends Msg 2 for UL timing synchronization.
It reveals that the time interval during HO procedure is quite short.
Based on above discussion, the legacy L3-based inter-gNB handover procedure in R15/R16 can be quite quick if beam specific L1 measurement configuration of the target gNB is pre-configured to the UE by HO message by network implementation, so the motivation and benefit of DL/UL beam management enhancement to support higher L1/L2-centric inter-cell mobility needs to be clarified.
Observation 1: The legacy L3-based inter-gNB handover procedure in R15/R16 can be quite quick, if beam specific L1 measurement configuration of the target gNB is pre-configured to the UE by HO message by network implementation.
Proposal 1: The motivation and benefit of DL/UL beam management enhancement to support higher L1/L2-centric inter-cell mobility needs to be clarified.

Discussion on Common beam enhancements
During the Rel-15 and Rel-16, tremendous efforts have been engaged to setup and optimize the multi-beam operation. MAC CE based methods are introduced for beam or the spatial relation updates. MAC CE based methods provide more flexibilities and reduce the latency due to the original RRC configuration or update procedure. The beam and spatial relations of multiple carriers are also improved during the Rel-16. Those enhancements mentioned above provide a very high baseline for the work item of FeMIMO. 
According to the WID of FeMIMO, a common beam is required to be designed and specified. The common beam is used for data and control transmission/reception for DL and UL, especially for intra-band CA. Within this design targets, too many components are included, such as data and control, downlink and uplink, transmission and reception, and multiple carrier situation. First it needs more discussion and clarifications on which pair should have a higher priority. Or all the pairs should be designed as a whole. 
Proposal 2: It should be clarified which pair should have the priority or should be design as a whole, considering data and control, downlink and uplink, transmission and reception, and multiple-carrier situation.
It was discussed that higher mobility is one usage scenario of common beam. In FR2 scenario with higher UE’s mobility, the beam direction of PUSCH can be dynamically tuned to match UE’s mobility via DCI indication, however, the beam tuning speed of PUCCH is much lower since it is tuned based on MAC CE updating. In this case, common beam mechanism can be considered to enhance the beam tuning speed of PUCCH, e.g., enabling PUCCH’s beam direction follows recently PUSCH.
Proposal 3: Common beam mechanism can be considered to enhance the beam tuning speed of PUCCH.

Discussion on unified TCI framework for DL and UL beam indication
In Rel-15 and Rel-16, TCI framework is used for DL beam management, while SpatialRelationInfo and SRI are used for UL beam indication. When unified TCI framework is considered for both DL and UL beam indication, e.g., DL TCI framework is used for UL beam indication with QCL-Type D indication, the beam indication for SRS, PUCCH, and PUSCH should be considered separately.
· SRS beam indication: UL TCI-StateID can be configured to P/SP/AP-SRS resources, when MAC CE activates or updates beam for SP/AP-SRS resources, only UL TCI-StateID is needed to be indicated for each resources, BWP ID or cell ID of reference RSs are not needed, which could simplify the framework of beam indication and reduce RRC and MAC CE signaling overhead.
· PUCCH beam indication: Similar as SRS beam indication, up to 64 UL TCI-StateIDs can be configured to PUCCH, and MAC CE activates one UL TCI-StateID for PUCCH transmission. However, in Rel-15 and Rel-16, PUCCH power control related parameters are configured and activated together with PUCCH SpatialRelationInfo. If TCI framework is used for PUCCH beam indication, how to configure and activate power control parameters simultaneously with beam updating?
· PUSCH beam indication: Different from SRS and PUCCH, PUSCH beam is indicated through SRI in DCI, to ensure that the beam for PUSCH transmission is same with the beam of SRS for RI and TPMI calculation. If UL TCI-StateID is used for PUSCH beam indication, how to indicate UL TCI-StateID for PUSCH, also through DCI? How to ensure the beam indicated by UL TCI-StateID is same with the beam of SRS for RI and TPMI? If same beam is assumed by gNB implementation, SRI is enough for PUSCH beam indication, there is no need to additional use TCI framework for PUSCH.
Based on above discussion, the benefit of UL TCI is to simplify the framework of beam indication and reduce RRC and MAC CE signaling overhead, however, the problem caused by UL TCI, such as PUCCH power control indication, PUSCH beam inconsistence should also be solved.
Proposal 4: The benefit of UL TCI should be clarified and the problem caused by UL TCI, such as PUCCH power control indication, PUSCH beam inconsistence should also be discussed.

Discussion on MPE issue
FCC has defined the basic restriction for maximum permissible exposure (MPE) to human body. In RAN4, P-MPR in power control and maxUplinkDutyCycle-FR2 in UE capability have defined to facilitate to electromagnetic power density exposure requirements. If the percentage of UL symbols transmitted within any 1s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the UL scheduling and apply P-MPRf,c, where P-MPRf,c is the allowed maximum output power reduction. To meet the requirements of MPE issue, a UE needs to reduce its transmission power or reduce the percentage of UL symbols, which may result in UL coverage loss or UL capacity reduction.
In RAN1#97 meeting [3], the following alternatives were discussed to solve the MPE issue, 
	Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
· If no consensus in RAN1#98, no further discussion in RAN1.


For non-beam correspondence, UL beam management is operated by SRS beam sweeping. For multi-panel UE, multiple SRS resource sets can be configured for beam management, and different SRS resource sets have different transmission power, which has already roughly considered the panel-specific power reduction due to MPE issue. For example, if one of the panel is directed to human body, the SRS resource sets transmitted from that panel will reduce the power to meet the requirements of MPE issue. Hence, based on SRS beam sweeping with panel-specific transmission power, gNB could select the best beam by considering both channel condition and UE transmission power.
For beam correspondence, UL beam is probably determined by DL beam reporting. Some beams are optimal for DL transmission by considering the L1-RSRP or L1-SINR, but for UL transmission, those beams may be directed to human body, which need to reduce the transmission power due to the restriction of MPE issue. In other words, the beam which is optimal for DL transmission may not be always optimal for UL transmission. Therefore, UL beams should be selected by considering both the L1-RSRP or L1-SINR and the power back-off due to MPE issue. 
Among the alternatives discussed in Rel-16, For Alt.2, since TPMI for PUSCH transmission is strongly related to the SRS resource indicated by SRI, if multiple SRS resources can be indicated for UE’s autonomous selection, multiple TPMI corresponding to the SRIs should be also indicated to UE for code-book based PUSCH transmission, which greatly increases the overhead of DCI. For Alt.3, beam specific PHR reporting can only report the PHR of the current UL beam, which can inform gNB that the transmission power of current UL beam is reduced, while it cannot inform gNB the optimal beam for UL transmission. For Alt.1, through DL beam reporting, UE reports the optimal beam for UL transmission by considering both the L1-RSRP or L1-SINR and the transmission power reduction, which seems to be the most promising approach to inform gNB the optimal beam for UL transmission by taking into account MPE restriction. 
Proposal 5: Support UE to report CRI/SSBRI in DL beam reporting, where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission.

Discussion on UL beam selection for UEs equipped with multiple panels
For UEs equipped with multiple panels, at least the number of panels should be reported to gNB, then panel specific beam management could be enhanced to facilitate panel-specific UL beam selection. In Rel-15, the spatial relation info and SRI field are used to indicate the transmission beam for PUCCH/SRS and PUSCH, respectively, which already implicitly indicates that the panel for PUCCH/SRS transmission should be same with the panel used for reference RS reception or transmission, and the panel for PUSCH transmission should be same with the SRS resource indicated in SRI. 
[bookmark: _GoBack]Based on Rel-15 framework, if a new panel-ID is explicitly configured in SRS-Config or SRS-SpatialRelationInfo, and a CSI-RS is configured in the SRS-SpatialRelationInfo as the reference RS, since gNB has no information about the panel that UE receives the CSI-RS, it is possible that the panel-ID configured in SRS-Config or SRS-SpatialRelationInfo is different from the panel that UE receives the CSI-RS, which may cause ambiguity. Therefore, if gNB does not know the panel-ID in which UE receives the reference RS, it is possible to cause ambiguity between the explicitly configured panel-ID and the reference RS indicated in the spatial relation info. From our perspective, there is no need for gNB to explicitly indicate UE which panel-ID should be used, since the reference RS in spatial relation info have already implicitly reflected the corresponding panel that UE used to transmit or receive the reference RS. The only needed enhancement is to allow UE to report the panel-ID that UE has used to receive the CSI-RS/SSB for beam management along with CRI/SSBID. gNB then use the reference RS in spatial relation info to control panel-specific UL transmission.
Proposal 6: To support panel-specific UL transmission, DL beam reporting should be enhanced to report the panel-ID that UE has used to receive the CSI-RS/SSB along with CRI/SSBID.

Conclusions
In this contribution, we share our views on enhancements for multi-beam operation. The observations and proposals are summarised as follows:
Observation 1: The legacy L3-based inter-gNB handover procedure in R15/R16 can be quite quick, if beam specific L1 measurement configuration of the target gNB is pre-configured to the UE by HO message by network implementation.
Proposal 1: The motivation and benefit of DL/UL beam management enhancement to support higher L1/L2-centric inter-cell mobility needs to be clarified.
Proposal 2: It should be clarified which pair should have the priority or should be design as a whole, considering data and control, downlink and uplink, transmission and reception, and multiple-carrier situation.
Proposal 3: Common beam mechanism can be considered to enhance the beam tuning speed of PUCCH.
Proposal 4: Support UE to report CRI/SSBRI in DL beam reporting, where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission.
Proposal 5: Support UE to report CRI/SSBRI in DL beam reporting, where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission.
Proposal 6: To support panel-specific UL transmission, DL beam reporting should be enhanced to report the panel-ID that UE has used to receive the CSI-RS/SSB along with CRI/SSBID.
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