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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


Fig. 1: Inter-gNB handover procedure.
As shown in Fig. 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 L1-based measurement configuration of the target gNB can also be configured to the UE by HO command.
Based on above assumption, the UE can obtain the L1 beam specific  measurement configuration of the target gNB through HO command, depending on network implementation，then UE can perform L1 beam measurement of target gNB according to the pre-configured beam specific L1 measurement configuration.


           
Fig2: Random access procedures 
During the legacy handover procedure, random access procedure is needed to acquire the TA information. As shown in Fig. 2, to reduce the latency of random access procedures, 2-step RACH is also supported in Rel-16. If UE performs L1 beam measurement of the target gNB, UE can report CRI/SSBRI and corresponding L1-RSRP or L1-SINR in Msg3 or MsgA, then the target gNB can immediately transmit PDCCH or PDSCH via the selected beam after handover. 
Based on above discussion, we have the following proposal:
Proposal 1: L1 Beam specific measurement configuration of the target gNB can be pre-configured to the UE by HO message and UE can transmit L1 beam reporting via Msg3 or MsgA to reduce the latency.
Discussion on Common beam and unified TCI framework
In Rel-15 and Rel-16, TCI framework is already used for DL beam management, while SpatialRelationInfo and SRI are used for UL beam indication. Similarly as DL TCI, UL TCI framework can be designed to facilitate the beam indication for SRS, PUCCH, and PUSCH. If UL TCI-State ID is configured to P/SP/AP-SRS resource, PUCCH and PUSCH, the following issues should be considered. 
In Rel-15 and Rel-16, PUCCH power control related parameters are configured and activated together with PUCCH SpatialRelationInfo. If UL TCI framework is used for PUCCH beam indication, how to configure and activate power control parameters simultaneously with beam updating should be considered. For example, the power control parameters can be included in the TCI content, or an association between the power control parameters and a TCI state can be introduced to indicate the power control information for PUCCH from TCI state ID.
In Rel-15 and Rel-16, different from SRS and PUCCH, PUSCH beam is indicated through SRI in DCI, to ensure that the beam for PUSCH transmission is the same with the beam of SRS for RI and TPMI calculation. Moreover, the mappings between SRI and power control parameters for PUSCH are configured via RRC, and the power control parameters for PUSCH are indicated from the SRI. If UL TCI is used for PUSCH beam indication, an association between the TCI state and SRI can be introduced to indicate the power control information for PUSCH and ensure the beam indicated by UL TCI-StateID is same with the beam of SRS for RI and TPMI. 
Proposal 2: The UL TCI framework can be designed to facilitate SRS, PUCCH and PUSCH beam indication, and the following associations can be considered for power control indication, RI and TRMI indication.
· the association between UL State and power control parameters
· the association between UL state and SRI 
According to the WID of FeMIMO, common beam for DL and UL need to be specified to support more efficient beam management. The implementation scenarios of common beam may include common beam for data and control, common beam for downlink and uplink, and common beam for multiple carriers. Unified TCI framework can be introduced for common beam indication. Also, the common beam for DL and UL can be different. For example, if beam correspondence is assumed, the common beam for DL and UL may be the same, if beam correspondence is not assumed or MPE event is occurred, the common beam for DL and UL can be different. 
Different from the DL or UL TCI state, which can only provide the reference for DL only or UL only, for common beam indication, the source RS(s) of a TCI state may provide the references for either DL or UL or both. Therefore, besides DL TCL pool and UL TCL pool, a separate TCI pool can be designed for common beam indication. With common TCI pool, the overhead for common beam indication is less, since one TCI sate ID can indicate the common beam for DL and UL, whatever the common beam for DL and UL are same or different.
Proposal 3: Besides DL and UL TCI state pool, support designs a separate TCI pool for common beam indication. 
Discussion on UL beam selection for UEs equipped with multiple panels
In RAN1#102-e meeting [3], the following agreements were made to solve MP-UE issue, 
	Agreement
· [Issue 4] For Rel.17 NR FeMIMO, on MP-UE assumption to facilitate fast UL panel selection:
· The following assumptions are used: 
· In terms of RF functionality, a UE panel comprises a collection of TXRUs that is able to generate one analog beam (one beam may correspond to two antenna ports if dual-polarized array is used)
· UE panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP 
· No beam correspondence across different UE panels
· FFS: For each UE panel, it can comprise an independent unit of PC, FFT timing window, and/or TA.
· FFS: Same or different sets of UE panels can be used for DL reception and UL transmission, respectively
· In RAN1#103-e, identify candidate use cases including MPE, and consider remaining aspects if use cases are identified
· In RAN1#103-e, identify candidate signaling schemes for the following:
· NW to MP-UE (taking into account potential extension of the unified TCI framework in issue 1)
· MP-UE to NW


In Rel-15, the SpatialRelationInfo 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. Further, in Rel-17, if UL TCI state or unified TCI state is used to indicate the transmission beam for PUSCH/PUCCH/SRS, the panel for PUSCH/PUCCH/SRS transmission should be same with the panel used for reference RS reception or transmission in TCI state. 
Based on Rel-15 or Rel-16 framework, if the candidate signaling scheme is NW to MP-UE, how does gNB know which panel is suitable for UL transmission? For example, if gNB configured panel signaling in SRS-Config or SRS-SpatialRelationInfo or TCI state, and a CSI-RS is configured in the SRS-SpatialRelationInfo or TCI state as the reference RS, since gNB has no information about the panel that UE receives this CSI-RS, it is possible that the panel signaling configured in SRS-Config or SRS-SpatialRelationInfo or TCI state is different from the panel that UE receives the CSI-RS, which may cause ambiguity. Therefore, if gNB does not know the panel in which UE receives the reference RS, it is possible to cause ambiguity between the configured panel and the reference RS indicated in the SpatialRelationInfo or TCI state. 
From our perspective, there is no need for gNB to indicate UE which panel should be used, since the reference RS in SpatialRelationInfo or TCI state 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 signaling that UE has used to receive the CSI-RS/SSB for beam management along with CRI/SSBID. Then, gNB use the reference RS in SpatialRelationInfo or TCI state to control panel-specific UL transmission.
Proposal 4: Support MP-UE to NW signaling scheme, such as DL beam reporting could be enhanced to report the panel signaling that UE has used to receive the CSI-RS/SSB along with CRI/SSBID.
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 applies 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#102-e meeting [3], the following agreements were made to solve MPE issue, 
	Agreement
· [Issue 5] For Rel.17 NR FeMIMO, on MPE mitigation (that is, minimizing the UL coverage loss due to the UE having to meet the MPE regulation), in RAN1#103-e: 
· If needed, identify candidate solutions to be down-selected in future meeting(s). The following sub-categories can be used:
· CAT0. The need for specification support for MPE event detection and, if needed, candidate solutions
· CAT1. The need for UE reporting associated with an MPE and/or a potential/anticipated MPE event if the UE selects a certain UL spatial resource, e.g., corresponding to DL or UL RS
· CAT2. The need for NW signaling in response to the reported MPE event (taking into account issue 1) and UE behavior after receiving the NW signaling
· Note: RAN4 has agreed to specify P-MPR reporting (cf. CRs for TS 38.101/102/133) which can be used as a baseline scheme for further enhancement
· Note: This may be related to outcome of issue 4b)
· Companies are encouraged to submit evaluation results based on the agreed EVM to justify the benefits of the candidate solutions


Based on the agreements made in RAN1#102e meeting, the three categories are discussed as follows.
CAT0. The need for specification support for MPE event detection and, if needed, candidate solutions
In general, UE needs to meet the restriction of MPE to human body at full transmission power before being commercialized. In real network, MPE event occurs when the UL beam is toward to human body and exceeds the restriction of MPE, which is a condition based small probability event for UE. Once the small probability MPE event occurs, UE could report the MPE issue to gNB, such as the P-MPR reporting specified in RAN4. 
Proposal 5: Once the condition based small probability MPE event occurs, UE could report the MPE issue to gNB, such as the P-MPR reporting specified in RAN4. 
CAT1. The need for UE reporting associated with an MPE and/or a potential/anticipated MPE event if the UE selects a certain UL spatial resource, e.g., corresponding to DL or UL RS
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. Based on the P-MPR reporting, gNB could trigger an UL beam reporting, which is an enhancement of DL beam reporting, UE reports a certain UL spatial resource to inform gNB the optimal beam for UL transmission by taking into account MPE restriction.
Proposal 6: Support the enhancement of DL beam reporting, where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission.
CAT2. The need for NW signaling in response to the reported MPE event (taking into account issue 1) and UE behavior after receiving the NW signaling
[bookmark: _GoBack]Based on the UL beam reporting, gNB could indicate a separate TCI state for UL beam, and UE follows the updated TCI state for UL transmission. However, this part depends on the UL TCI state or unified TCI state, which could be discussed later.
Conclusions
In this contribution, we share our views on enhancements for multi-beam operation. The observations and proposals are summarised as follows:
Proposal 1: L1 Beam specific measurement configuration of the target gNB can be pre-configured to the UE by HO message and UE can transmit L1 beam reporting via Msg3 or MsgA to reduce the latency.
Proposal 2: The UL TCI framework can be designed to facilitate SRS, PUCCH and PUSCH beam indication, and the following associations can be considered for power control indication, RI and TRMI indication.
· the association between UL State and power control parameters
· the association between UL state and SRI 
Proposal 3: Besides DL and UL TCI state pool, support designs a separate TCI pool for common beam indication. 
Proposal 4: Support MP-UE to NW signaling scheme, such as DL beam reporting could be enhanced to report the panel signaling that UE has used to receive the CSI-RS/SSB along with CRI/SSBID.
Proposal 5: Once the condition based small probability MPE event occurs, UE could report the MPE issue to gNB, such as the P-MPR reporting specified in RAN4. 
Proposal 6: Support the enhancement of DL beam reporting, where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission.
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