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Introduction 
In this contribution, we will share our views on the following issues that were identified for multi-beam operation in RAN1#102 e-meeting [1]:
· Common TCI framework (Issue 1) and corresponding signaling medium (Issue 3)
· Multi-panel UE (Issue 4) and MPE mitigation (Issue 5)
· Other aspects including signaling enhancements
Discussion
Common TCI framework and corresponding signaling medium
Common TCI framework (Issue 1)
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Figure 1. Common beam associations in (a) Rel-15/16 (b) Rel-17
In the last meeting, common TCI is agreed to be used for providing common QCL information for (almost) all DL and/or UL signals and channels in a cell (or a cell group). Compared to Rel-15/16 common beam associations, common TCI provides a more simple and unified mechanism to streamline multi-beam operation for e.g., high-mobility purpose. In a primary FR2 operation, a same DL RS can act as the spatial QCL source for UE to determine both Rx beams for DL reception and Tx beams for UL transmission since beam correspondence generally holds for both gNB and UE. However, sometimes, a beam pair link with good DL performance may not be a good choice for UL due to e.g., imperfect beam correspondence (as defined by RAN4) or MPE issue on a UE. For such scenario, separate beam indications providing respective QCL information for DL and UL would be necessary. Common TCI should serve both use cases, i.e., joint and separate common TCI for DL and UL as identified in the agreement [1]. Since the need for joint and separate TCI may be dynamically changed (e.g., when the best beam pair link is suddenly blocked by human body), dynamic switching between them should be supported by common TCI.
Proposal 1: Common TCI supports dynamic switching between joint TCI and separate TCI for DL and UL
Regarding co-existence between common TCI and Rel-15/16 DL TCI/spatial relation, at least for a same cell or a cell group, we don't see the need to operate both at the same time or switch between them in dynamic. Common TCI can be enabled for a cell or a cell group by RRC signaling, and Rel-15/16 DL TCI/spatial relation is replaced by common TCI when common TCI is enabled.  
Proposal 2: For a cell or a cell group, common TCI is enabled by RRC signaling, and only common TCI is used for providing QCL information for DL and UL when common TCI is enabled.

Design of joint TCI for DL and UL
In Rel-15/16, a DL TCI pool including one or more TCI states is provided per DL BWP by RRC configuration. According to the agreement for common TCI [1], common TCI should provide common QCL information for (almost) all DL and UL signals and channels in a CC. To achieve that, a common TCI pool including one or more common TCI states should be configured per cell instead of per DL BWP. Further, at least for intra-band CA, multiple CCs may always use the same beam pair link to serve a UE. Thus, NW should be able to provide to the UE a same common TCI pool for a group of cells. 
Proposal 3: NW can provide a common TCI pool including one or more common TCI states per cell or per cell group (instead of per DL BWP) to a UE by RRC configuration

In the last meeting, there is a working assumption on decision of whether to support more than one common TCI states (M, N >= 1) that are selected from a common TCI pool to provide common QCL information jointly for DL and UL. In our view, at least for single-TRP scenario, the original intention of introducing common TCI is facilitating single serving beam operation for a UE, thus we don't see the need to indicate more than one common TCI states at a time. If NW requires the flexibility to have multiple serving beams for a UE, Rel-15/16 DL TCI/spatial relation framework can be used. For multi-TRP scenario, at least two common TCI states have to be indicated, however, whether and how to enable common TCI for multi-TRP operation should be discussed after multi-TRP agenda items for FeMIMO have some concrete conclusions. 
Proposal 4: At least for single-TRP scenario, one single common TCI state is selected from a common TCI pool to provide common QCL information jointly for DL and UL, i.e., M = N = 1.
Proposal 5: Whether and how to support common TCI for multi-TRP should be discussed after FeMIMO M-TRP agenda items have some concrete conclusions.

According to the agreement for common TCI, it should be designed based on and analogous to Rel.15/16 DL TCI framework. Thus, a common TCI state should reuse Rel.15/16 DL TCI state configuration as much as possible. That is, a common TCI state configuration should include at least all the parameters included in a DL TCI state, as shown in the Table 1, where the four QCL types should be supported in common TCI as well. On UL, since only spatial QCL is needed, a source RS with QCL type-D associated with a common TCI sate can be extended to provide a reference for determining a common UL TX spatial filter for (almost) all UL signals.

Table 1: TCI-State-Common information element
TCI-State-Common ::=        SEQUENCE {
    common-tci-StateId      common-TCI-StateId,
    qcl-Type1               QCL-Info,
    qcl-Type2               QCL-Info                            OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                SEQUENCE {
    cell                    ServCellIndex                       OPTIONAL,   -- Need R
    bwp-Id                  BWP-Id                              OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal         CHOICE {
        csi-rs              NZP-CSI-RS-ResourceId,
        ssb                 SSB-Index
    },
    qcl-Type                ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

Proposal 6: A common TCI state configuration include at least all parameters included in a Rel-15/16 DL TCI state, where the four QCL types is supported in common TCI as well.
Proposal 7: A source RS with QCL type-D associated with a common TCI sate can provide a reference for determining a common UL TX spatial filter for UL.

In the last meeting, it was agreed that a common TCI state can be indicated/selected to provide common QCL information for the following DL/UL channels and signals: 
· UE-dedicated reception on PDSCH
· All or subset of CORESETs
· Dynamic-grant/configured-grant based PUSCH
· All or subset of dedicated PUCCH resources
· SRS configured for antenna switching/CB/NCB
In Rel-15, PDSCH default beams following specific PDCCH beams are used for the case if PDSCH is scheduled by a DCI not having the TCI field present in the DCI and scheduling offset is equal to or greater than a threshold, and the case if scheduling offset is smaller than a threshold. In Rel-17, if common TCI is used, since only one common beam is used for all UE-dedicated receptions on PDSCH and all CORESETs, PDSCH default beam is not needed anymore. Instead, the application time of a newly common TCI sate indicated to a UE after the UE receive the indication from a signaling medium should be clearly defined, which can be discussed after the signaling medium for updating common TCI is concluded. 
Proposal 8: If common TCI is used, PDSCH default beams are not needed.

To guarantee demodulation performance of PDCCH/PDSCH, in Rel-15/16, UE expects a DL TCI state indicated for PDCCH/PDSCH reception contains CSI-RS resource(s) as source RS with QCL type-A or type-D. If common TCI is used, the common TCI state indicated for DL and UL jointly, or indicated for DL only (in separate TCI use case), should follow the same QCL restriction defined in Rel-15/16.
Proposal 9: If a common TCI state is indicated/selected to provide common QCL information for DL data and control channels, UE expects the common TCI state associates with CSI-RS resource(s) as source RS with QCL type-A or type-D, as in Rel-15/16.

Regarding the applicability of the indicated/selected common TCI state to CSI-RS/SRS, since DL and UL data channels apply common QCL information, it is natural that a CSI-RS/SRS resource(s) for CSI apply the same common QCL information as well. Note that for a SRS resource set configured for NCB and associated with a CSI-RS resource for DL measurement, the CSI-RS resource shall also apply the common QCL information. On BM, the common QCL information can also apply to CSI-RS/SRS resources configured for beam tracking or refinement on the serving beam for data and control channels. However, since TRS is transmitted for measurements by a certain NW beam used as a source RS in a TCI state, applying the common QCL information is not reasonable. In summary, the common QCL information can be applied to a subset of CSI-RS/SRS resources, except TRS. How to inform UE whether a CSI-RS/SRS resource should apply the common QCL information could be discussed later. For a CSI-RS/SRS resource not applying the common QCL information, NW still can associate a common TCI state in the common TCI pool with the CSI-RS/SRS resource.
Proposal 10: One common TCI state is selected by NW from a common TCI pool to provide common QCL information for UE-dedicated reception on PDSCH, all or subset of CORESETs, and a subset of CSI-RS resources on a cell or a cell group.
· The common QCL information doesn’t apply to CSI-RS configured for tracking.
· Whether a CSI-RS resource apply the common QCL information is configured by RRC signaling
· For a CSI-RS resource not applying the common QCL information, NW still can associate a common TCI state in the common TCI pool with the CSI-RS resource.
Proposal 11: One common TCI state is selected by NW from a common TCI pool to provide common QCL information for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources, and a subset of SRS resources on a cell or a cell group.
· Whether a SRS resource apply the common QCL information is configured by RRC signaling
· The CSI-RS resource associated with a SRS resource set configured for NCB shall also apply the common QCL information.
· For a SRS resource not applying the common QCL information, NW still can associate a common TCI state in the common TCI pool with the SRS resource.

In Rel-15/16, for a CB-based PUSCH transmission, UE determines a Tx beam according to the SRS resource indicated by SRI field in the scheduling DCI, where the SRS resource is included in the SRS resource set with usage set to 'codebook'. Meanwhile, SRI field in the scheduling DCI may indicate a power control setting provided by SRI-PUSCH-PowerControl for the PUSCH transmission. For a NCB-based PUSCH transmission, in addition to the power control setting, SRI in the scheduling DCI further indicates the port-related information based on the SRS resource(s) indicated by SRI field. If common TCI is used, common QCL information for all PUSCH and SRS-CSI transmission is provided by a common TCI state, the Tx beams for CB-based PUSCH transmissions are determined based on the spatial QCL source RS included in the common TCI state instead of the SRS resource indicated by SRI field. However, we see the SRI field is still needed at least for indicating a power control setting and the port-related information.
Proposal 12: If common TCI is used, SRI field can be still present in a UL DCI, and the mechanism supported by R15/R16 for PUSCH port determination and power control setting determination should be reused.

Design of separate TCI for DL and UL
If separate common TCI is needed, the following options are identified in the agreement for common TCI [1]: 
· Alt1. Utilize the joint TCI to include references for both DL and UL beams
· Alt2. Utilize two separate TCI states, one for DL and one for UL. The TCI state for the DL is the same as agreed in 1a. The TCI state for the UL can be newly introduced.
· Alt 2-1: The UL TCI state is taken from the same pool of TCI states as the DL TCI state
· Alt 2-2: The UL TCI state is taken from another pool of TCI states than the DL TCI state
On Alt1, one advantage is signaling overhead from common TCI activation/indication could be smaller than other alternatives. However, since one common TCI state may need to provide respective QCL information for DL and UL, common TCI pool has to include all possible DL and UL QCL combinations (i.e., all combinations of two gNB beams), which require a large number of common TCI states. We don't think Alt1 is an efficient mechanism to support separate TCI. On Alt2-1 and Alt2-2, NW can indicate two separate common TCI states to DL and UL, respectively. The difference between Alt2-1 and Alt2-2 is whether the indicated common TCI states are taken from a same common TCI pool. In a primary FR2 operation where beam correspondence generally holds, both Rx beam for DL reception and Tx beam for UL transmission can be determined according to DL measurements on a same set of DL RSs. Thus, having separate common TCI pools for DL and UL seems to be redundant and taking common TCI from a same common TCI pool is more reasonable. Even for the case if beam correspondence doesn't hold for a UE and SRS resources configured for BM are used as source RSs with QCL type-D in common TCI states for UL transmission, the total numbers of common TCI states in Alt2-1 and Alt2-2 are still the same. Moreover, in Rel-17, the common TCI states associate with SRS resources may be also indicated for DL reception.
Proposal 13: For the case if separate TCI for UL and DL is needed, NW can indicate two separate common TCI states, one for DL and one for UL, where the two common TCI states are taken from the same common TCI pool (Alt2-1).

[image: ]

Figure 2. Alternatives of separate TCI for DL and UL

Signaling medium for updating common TCI (Issue 3)
In Rel-15/16, MAC-CE is used for updating DL TCI state for DL control channel, where the updating latency may contain HARQ-ACK latency, 3 ms latency, and tracking latency (Tfirst-SSB+ TSSB-proc defined in [2]). The tracking latency could be ~12 ms by assuming 20 ms SSB periodicity, which could dominate the overall updating latency if the DL TCI state is not in the active DL TCI list for PDSCH (activated by MAC-CE). For DL data channel, a two-stage signaling mechanism including MAC-CE and DCI is used, where MAC-CE activates a set of DL TCI states, i.e., the active TCI list for PDSCH, and DCI indicates one of the DL TCI states in the active TCI list. If the DL TCI state indicated by DCI has been activated by MAC-CE for a certain duration including the tracking latency, UE shall be able to receive PDSCH with the DL TCI state of the cell on which TCI state updating occurs at the first slot that is after slot n + timeDurationForQCL. As we can see, in Rel-15/16, even DCI based TCI updating latency could be smaller than MAC-CE based TCI updating latency (at least 3 ms), it is only true when the DL TCI state has been activated for a certain duration. Note that the number of active TCI states is a UE capability reported by UE.
Observation 1: In Rel-15/16, in order to make DCI-based TCI updating for PDSCH faster than MAC-CE based TCI updating, the target TCI state has to be activated by MAC-CE for a duration including a tracking latency.

In the last meeting, some companies mentioned that DCI-based TCI updating is faster than MAC-CE based TCI updating. However, similar to Rel-15/16, this conclusion is true only when the TCI state indicated by DCI has been activated for a duration including the tracking latency. Therefore, we don't think it is workable and beneficial to introduce a DCI-only signaling mechanism for updating common TCI. Instead, a two-stage signaling mechanism similar to Rel-15/16 DL TCI updating for PDSCH should be used for common TCI updating. In the first stage, a MAC-CE activates/deactivates a set of common TCI states from a common TCI pool for DL and/or UL on a cell or a cell group. After UE receives the activation/deactivation MAC-CE for a duration, one common TCI state in the active common TCI list can be indicated for DL and/or UL on the cell or the cell group, either by a DCI or a MAC-CE (same or different from the activation/deactivation MAC-CE). The detailed design of activation/deactivation MAC-CE should also consider both use cases of joint and separate TCI for DL and UL since dynamic switching between the two use cases should be supported by common TCI. For example, as shown in Figure 3, one active common TCI list can be provided by an activation/deactivation MAC-CE for joint TCI for DL and UL. If separate TCI for DL and UL is needed, two active common TCI lists can be provided, one for DL and one for UL. Using the activation/deactivation MAC-CE to switch between joint and separate TCI for DL and UL can also guarantee at least 3 ms switching delay for a UE that may need to activate another UE panel for UL transmission after the switching command is received.    
Proposal 14: For updating common TCI, an activation/deactivation MAC-CE is used to activate/deactivate a set of common TCI states for DL and/or UL on a cell or a cell group.
· For joint TCI, one single active common TCI list can be provided for both DL and UL.
· For separate TCI, two active common TCI lists can be provided, one for DL and the other for UL.
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Figure 3. Active common TCI list(s) for joint and separate TCI (for DL and UL) 
On how to indicate one common TCI state in the active common TCI list (i.e., common beam switching) for DL and/or UL, we see both MAC-CE and DCI could be supported since each of them has its own use case. Compared with DCI, MAC-CE has better reliability since it is secured by HARQ feedback/retransmission. However, MAC-CE based beam switching requires at least 3 ms switching delay, which is a little larger than DCI-based beam switching delay (at most 0.5 ms depending on UE capability), assuming the indicated TCI state for beam switching has been activated for a duration. We can assume the difference between MAC-CE and DCI based beam switching in application time is around 3 ms. For UE speed with {60, 120, 256} km/hr, the displacement with linear trajectory during the 3 ms would be {0.05, 0.1 , 0.21} meter, which is still within a normal beam coverage. Consequently, we see the additional 3 ms beam switching delay doesn't cause significant performance difference between DCI and MAC-CE based beam switching. Therefore, for normal use case, we still prefer to use MAC-CE for indicating common beam switching. If MAC-CE is used for common beam switching, the activation/deactivation MAC-CE that provides the active common TCI list(s) could be reused. 
Proposal 15: Support using MAC-CE to indicate one common TCI state in an active common TCI list for DL and/or UL, where the MAC-CE could be the same as the one used to provide the active common TCI list.
For some use cases that UEs in close proximity with the same trajectory and speed, e.g., UEs are located in a train, a bus, or other transportation vehicles, NW may need to indicate common beam switching to the group of UEs. In these use cases, since MAC-CE is a UE-dedicated signaling, sending separate MAC-CEs to multiple UEs would lead to unnecessary DL resource overhead (including both data and control). Instead of MAC-CE based beam switching, we see group-common DCI (GC-DCI) would be a better choice for common beam switching in these use cases. NW can inform the group of UEs to monitor a same field in the GC-DCI payload, and transmit one single GC-DCI on a common search space to indicate the common beam switching to the group of UEs. Moreover, group-common PDCCH is usually more reliable than UE-specific PDCCH, thus it doesn't have to be secured by introducing HARQ feedback/retransmission for the detection of DCI.  
Observation 2: For UEs in close proximity with group-based mobility, group-common DCI based beam switching has benefits of less DL resource overhead and good reliability.


In some scenarios, the UE grouping for common beam updating shall be changed in dynamic rather than semi-static. In order to achieve the flexibility, instead of using RRC parameter to provide the position of common TCI field in a GC-DCI, a MAC-CE can be used to indicate to the UE which TCI field or where is the TCI field in the payload of GC-DCI the UE shall monitor. If NW would like to perform common beam switching for a group UEs, it can transmit MAC-CEs to indicate the same TCI field to the group of UEs. As the example shown in Figure 4, this MAC-CE can be the same as the one used for providing the active common TCI list.

Proposal 16: Support using group-common DCI to indicate common beam switching to a group of UEs.
Proposal 17: Support using MAC-CE to indicate the position of common TCI field in the payload of group-common DCI that UE shall monitor.
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Figure 4. Example of using group-common DCI for common beam switching
Multi-panel UE and MPE mitigation
In the last meeting, the following agreement was made for Issue 4 and Issue 5 [1]:
	Agreement from RAN1#102e:
[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
[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


In this section, we provide our simulation results of MPE and share our views on how to mitigation the UL coverage loss due to the MPE, and multi-panel UE assumption and signaling mechanisms to facilitate fast UL panel selection and MPE mitigation.

MPE mitigation and evaluation results
In the last meeting, baseline simulation assumptions for MPE and multi-panel UE was agreed and captured in [3]. In this section, we provide our simulation results for the following four cases according to the agreed EVM, and the detailed simulation assumptions can be found in Annex.  
· UL Case 1: No panel blockage occurs and no MPE occurs. To see baseline performance.
· UL Case 2: Panel blockage occurs but no MPE occur. To see UL performance degradation due to blockage loss without MPE effect. Both UE and NW could be aware of this blockage loss through DL beam management and reporting. 
· UL Case 3: Both panel blockage and MPE occur. To see UL performance degradation due to blockage loss, and power-back-off on the maximum TX power for the blocked panel due to MPE, if any. Both UE and NW could be aware of this blockage loss through DL beam management and reporting. Meanwhile, if the UL Tx beams on the blocked panel are selected and reported by the UE for subsequent UL transmissions, NW could be aware of the P-MPR values on this UE based on Rel-16 MPE reporting, and NW performs UL scheduling with considering the P-MPR value.
· UL Case 4: Both panel blockage and MPE occur. However, the blocked panel is never used/selected by UE for UL transmission.  
In Table 2, comparison of UL performance between the four cases is shown. Note that panel blockage loss and P-MPR are applied after cell selection.

Table 2: Comparison of UL performance (full-buffer traffic with PF scheduling)
	UL SE (bits/Hz)
	UL Case 1
	UL Case 2
	UL Case 3
	UL Case 4

	Average
	100%
	88.50%
	84.23%
	88.28%

	50% 
	100%
	85.45%
	74.55%
	80.91%

	5% 
	100%
	41.18%
	5.88%
	33.29%



From system performance’s point of view, we see UL performance degradation due to MPE is not significant (average UL SE in UL Case 2 and UL Case 3). This is because, with Rel-16 MPE reporting, NW can schedule UL with considering the reported P-MPR value from every UE. For a UE suffers from power back-off due to MPE, the UE may not be scheduled or scheduled with less RBs, and most of the UL resources could be allocated to other UEs with better UL performance to achieve better system throughput. However, from cell-edge UE's point of view, UL performance degradation due to MPE is significant (5% UL SE in UL Case 2 and UL Case 3). This is because cell-edge UE usually requires the maximum transmit power for UL, power-off on the maximum transmit power will directly degrade UL performance. Even NW is aware of the MPE issue on a UE, the UE still cannot provide other candidate NW beams for UL corresponding to a different panel without MPE issue to avoid the power back-off. As a result, a cell-edge UE suffering from power back-off due to MPE would be scheduled with less opportunities and resources. One simple way to mitigate UL performance degradation due to MPE is allowing UE to always report a set of preferred NW beams for UL on a panel without MPE issue, which means UE would never use the blocked panel for UL transmission. As we can see the UL performance of Case 4, UL performance gain on for cell-edge UEs is significant (5% UL SE in UL Case 3 and UL Case 4), and there is almost no system performance degradation (average UL SE in UL Case 2 and UL Case 4). 
Observation 3: For cell-edge UE, UL performance degradation due to MPE is significant even NW is aware of MPE issue through Rel-16 MPE reporting. 
Observation 4: It is beneficial to allow UE to report a set of preferred NW beams for UL transmission with considering not only DL measurements but also MPE issue. 

If UE is allowed to report a set of NW beams that are preferred for UL transmission, UE may report a different set of preferred NW beam for DL reception at a time, where the two sets of NW beams may be transmitted/received on different panels. However, we would like to further evaluate whether allowing UE to use different panels for DL and UL is beneficial, or the panel preferred for UL (i.e., without power-back off) can be also used for DL without DL performance degradation. We provides simulation results to compare DL performance for the two cases in Table 3.  
· DL Case 1: Panel blockage occurs. To see DL performance degradation due to blockage loss. Both UE and NW could be aware of this blockage loss through DL beam management and reporting. 
· DL Case 2: Panel blockage occurs. However, the blocked panel is never used/selected by UE for DL reception.
From system performance’s point of view, there is almost no performance degradation (average DL SE in DL Case 1 and DL Case 2) when UE always disables the panel blocked by human body. However, for cell-edge UE, not using the panel with the best RSRP still can cause DL coverage loss (5% DL SE in DL Case 1 and DL Case 2). Thus, it is still beneficial to allow UE to use separate panels for DL and UL, at least for cell-edge UE.


Table 3: Comparison of DL performance (full-buffer traffic with PF scheduling)
	DL SE (bits/Hz)
	DL Case 1
	DL Case 2

	Average
	100%
	99.87%

	50% 
	100%
	98.09%

	5% 
	100%
	77.78%



Observation 5: At least for cell-edge UE, it is beneficial to allow UE to use separate panels for DL reception and UL transmission, respectively.

Based on the observations from our simulation results, we see it is more reasonable to let UE decides which set of NW beams (or which panel) is preferred for UL transmission since UE has the best knowledge on MPE, required transmit power (according to path-loss estimation), and DL measurement on each NW beam. This decision could be up to UE implementation and transparent to NW. Then, UE could report the preferred NW beams for UL to NW through e.g., enhanced beam reporting. This simple solution can effectively mitigate MPE issue, as shown in the simulation results, without reporting any P-MPR value or indicating MPE event to NW. 
Proposal 17: At least for MPE mitigation, support UE to report NW a same or different sets of preferred NW beams for UL transmission and DL reception, respectively. 
· UE reporting P-MPR value or MPE event associated with the preferred NW beam is not needed.
· FFS: joint beam report for DL and UL, or separate beam reports for DL and UL   

Multi-panel UE assumption to facilitate fast UL panel selection and MPE mitigation
The following assumptions on multi-panel UE to facilitate fast UL panel selection are agreed in the last meeting:
· 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
And the following assumption is still FFS:
· Same or different sets of UE panels can be used for DL reception and UL transmission, respectively
· For each UE panel, it can comprise an independent unit of PC, FFT timing window, and/or TA
According to the observations from our simulation results, we see it is beneficial to allow UE to use separate panels for DL reception and UL transmission at a time. Therefore, at least the following assumption should be agreed:
Proposal 18: On MP-UE assumption to facilitate fast UL panel selection and MPE mitigation, a same set or different sets of UE panels can be used for DL reception and UL transmission, respectively.

Regarding on whether to assume independent unit of PC, FFT timing window, and/or TA for each UE panel, we see that this assumption is needed only when the multi-panel UE is served by multiple TRPs. However, whether and how to handle these parameters for multi-TRP use case should be discussed in other corresponding M-TRP AIs rather than MB AI. At least for MPE mitigation, we see multiple UE panels are essential, but multi-TRP is not. 
[bookmark: _GoBack]Proposal 19: Whether to assume independent unit of PC, FFT timing window, and/or TA for each UE panel should be discussed in other corresponding M-TRP AIs rather than MB AI.
Signaling mechanisms to facilitate fast UL panel selection and mitigate MPE mitigation
For operation in FR2, a UE usually has more than one panels to achieve full coverage and increase possibility to access the TRP(s). During the DL beam measurements, a multi-panel UE may activate more than one panels to determine performance of each panel. However, in Rel-15, one active panel at a time for both DL and UL is generally assumed for a multi-panel UE. Which panel is activated out of the equipped panels is controlled by the UE and transparent to the network. In Rel-16, PDSCH/PDCCH can be transmitted from different TRPs, and a UE may be capable to support DL reception for simultaneous multi-TRP transmission in FR2 if multiple panels can be activated at a time. In Rel-17, we see a multi-panel UE may select more than one panels for UL transmission to e.g., improve directional diversity, or select separate panels for DL reception and UL transmission, respectively, to avoid power-back off due to MPE. Then, UE reports a set of DL RSs with good qualities measured from the preferred panel(s) to NW, and NW could activate corresponding TCI states based on the beam reporting. However, based on Rel-15/16 beam reporting, even the reported DL RSs are measured from different preferred panels and UE may have different plans on the preferred panels, NW cannot share the same understanding to determine whether reported DL RSs correspond to separate panels or which reported DL RSs are feasible to be used as spatial QCL resources for UL transmission on a certain panel. Therefore, it would be beneficial if UE would be able to share corresponding information through beam reporting to let NW know how to properly perform panel-specific UL beam selection based on the information reported from UE. For example, 
Proposal 20: To facilitate fast UL panel selection and mitigate MPE issue, support UE to provide panel-related information for each DL RS reported in beam reporting to let NW determine:
· The reported DL RSs correspond to different panels or the same panel
· The reported DL RSs are preferred for DL, UL, or both
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Figure 5. Example of proving panel-related information in a beam reporting

Once NW gets the panel-related information from beam reporting, NW can schedule UL transmission on a proper panel though the Rel-15/16 spatial relation, or Rel-17 common TCI framework either by joint TCI or separate TCI. In Rel-15/16, a spatial relation provides a spatial QCL source for UE to determine a spatial filter for UL, and the mapping between the spatial relation and the spatial filter is up to UE implementation. Following the same logic, in Rel-17, if common TCI is used, the mapping between the active common TCI state(s) and UE panel(s) should be up to UE implementation as well, and NW doesn’t have to provide panel-related information in the common TCI state.
Proposal 21: The mapping between UE panel/spatial filter for UL and a source RS provided in a spatial relation or a common TCI state is up to UE implementation.  

Other aspects including signaling enhancements
In this section, we identify the following features to facilitate more efficient multi-beam operation from other aspects including signaling enhancements.
· BFD/RLM RS update by MAC CE
In Rel-15/16, a UE can be provided beam failure detection (BFD) RSs using explicit configuration by RRC or implicit configuration by QCL-TypeD RSs in TCI states for CORESETs that the UE uses for monitoring PDCCH. In the case of explicit configuration, detecionResource in RadioLinkMonitoringRS is the BFD RS or RLM RS according the usage defined as purpose as in the following RRC parameter
RadioLinkMonitoringRS ::=           SEQUENCE {
    radioLinkMonitoringRS-Id            RadioLinkMonitoringRS-Id,
    purpose                             ENUMERATED {beamFailure, rlf, both},
    detectionResource                   CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId
    },
    ...
If the UE moves around within a cell or the channel changes, the serving beam could be changed frequently. When the serving beam is changed, BFD/RLM RSs should be changed accordingly. However, if the gNB configures BFD/RLM RS by explicit configuration, the gNB can only update BFD/RLM RS by RRC reconfiguration which leads large latency. RRC reconfiguration latency (L3 signaling, generally 10ms) is usually much higher than MAC CE latency (L2 signaling, generally 3ms). Alternatively, the gNB reserves the UE specific BFD RS and change the beam in a UE transparent way, but it requires a lot of resources for all UEs as the number of UEs in the cell increase.
Instead of allocating the reserved BFD/RLM RS resources, the shared BFD/RLM RS can be assigned to the UE in the common pool of BFD/RLM RSs which have the different beams. The gNB updates the BFD/RLM RS by new designed MAC CE without RRC reconfiguration whenever the serving beams of DL and UL (TCI states/spatial relations) needs to be changed according to the channel environment or UE’s movement. When the UE receives resource index(es) for SSB or NZP CSI-RS for indicated radio link monitoring RS (BFD/RLM RS), the UE updates detectionResource in corresponding radio link monitoring RS as the indicated resource. When the gNB updates BFD/RLM RS by MAC CE, it can update multiple BFD/RLM RS simultaneously by single MAC CE.
Proposal 22: Support one or more BFD/RLM RS update by single MAC-CE

· Associated CSI-RS update in an SRS resource set with usage=‘nonCodebook’
In Rel-16, new MAC CE was introduced to update the spatial relation of aperiodic SRS resource and path-loss RS to reduce the latency of uplink beam update and indication. In the case of non-codebook UL transmission, the UE calculates uplink precoder from associated DL CSI-RS which is configured by csi-RS for aperiodic SRS resource set and associatedCSI-RS for semi-persistent/periodic SRS resource set. However, csi-RS and associatedCSI-RS in the SRS resource set with usage=’nonCodebook’ should be updated when the serving beam is changed. We still need to use RRC reconfiguration to update these fields. Therefore, we have the following proposal to reduce the latency of non-codebook UL transmission.
Proposal 23: Update associated DL CSI-RS in the SRS resource set with usage=‘nonCodebook’ by MAC-CE

Conclusion
In this contribution, enhancement on multi-beam operation for FeMIMO was discussed. Based on the discussion in the previous sections, we made the following proposals and observations:

Common TCI framework
Proposal 1: Common TCI supports dynamic switching between joint TCI and separate TCI for DL and UL
Proposal 2: For a cell or a cell group, common TCI is enabled by RRC signaling, and only common TCI is used for providing QCL information for DL and UL when common TCI is enabled.
Proposal 3: NW can provide a common TCI pool including one or more common TCI states per cell or per cell group (instead of per DL BWP) to a UE by RRC configuration
Proposal 4: At least for single-TRP scenario, one single common TCI state is selected from a common TCI pool to provide common QCL information jointly for DL and UL, i.e., M = N = 1.
Proposal 5: Whether and how to support common TCI for multi-TRP should be discussed after FeMIMO multi-TRP agenda items have some concrete conclusions.
Proposal 6: A common TCI state configuration include at least all parameters included in a Rel-15/16 DL TCI state, where the four QCL types is supported in common TCI as well.
Proposal 7: A source RS with QCL type-D associated with a common TCI sate can provide a reference for determining a common UL TX spatial filter for UL.
Proposal 8: If common TCI is used, PDSCH default beams are not needed.
Proposal 9: If a common TCI state is indicated/selected to provide common QCL information for DL data and control channels, UE expects the common TCI state associates with CSI-RS resource(s) as source RS with QCL type-A or type-D, as in Rel-15/16.
Proposal 10: One common TCI state is selected by NW from a common TCI pool to provide common QCL information for UE-dedicated reception on PDSCH, all or subset of CORESETs, and a subset of CSI-RS resources on a cell or a cell group.
· The common QCL information doesn’t apply to CSI-RS configured for tracking.
· Whether a CSI-RS resource apply the common QCL information is configured by RRC signaling
· For a CSI-RS resource not applying the common QCL information, NW still can associate a common TCI state in the common TCI pool with the CSI-RS resource.
Proposal 11: One common TCI state is selected by NW from a common TCI pool to provide common QCL information for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources, and a subset of SRS resources on a cell or a cell group.
· Whether a SRS resource apply the common QCL information is configured by RRC signaling
· The CSI-RS resource associated with a SRS resource set configured for NCB shall also apply the common QCL information.
· For a SRS resource not applying the common QCL information, NW still can associate a common TCI state in the common TCI pool with the SRS resource.
Proposal 12: If common TCI is used, SRI field can be still present in a UL DCI, and the mechanism supported by R15/R16 for PUSCH port determination and power control setting determination should be reused.
Proposal 13: For the case if separate TCI for UL and DL is needed, NW can indicate two separate common TCI states, one for DL and one for UL, where the two common TCI states are taken from the same common TCI pool (Alt2-1).

Signaling medium for updating common TCI
Observation 1: In Rel-15/16, in order to make DCI-based TCI updating for PDSCH faster than MAC-CE based TCI updating, the target TCI state has to be activated by MAC-CE for a duration including a tracking latency.
Proposal 14: For updating common TCI, an activation/deactivation MAC-CE is used to activate/deactivate a set of common TCI states for DL and/or UL on a cell or a cell group.
· For joint TCI, one single active common TCI list can be provided for both DL and UL.
· For separate TCI, two active common TCI lists can be provided, one for DL and the other for UL.
Proposal 15: Support using MAC-CE to indicate one common TCI state in an active common TCI list for DL and/or UL, where the MAC-CE could be the same as the one used to provide the active common TCI list.
Observation 2: For UEs in close proximity with group-based mobility, group-common DCI based beam switching has benefits of less DL resource overhead and good reliability.
Proposal 16: Support using group-common DCI to indicate common beam switching to a group of UEs.
Proposal 17: Support using MAC-CE to indicate the position of common TCI field in the payload of group-common DCI that UE shall monitor.

MPE mitigation and evaluation results
Observation 3: For cell-edge UE, UL performance degradation due to MPE is significant even NW is aware of MPE issue through Rel-16 MPE reporting. 
Observation 4: It is beneficial to allow UE to report a set of preferred NW beams for UL transmission with considering not only DL measurements but also MPE issue. 
Observation 5: At least for cell-edge UE, it is beneficial to allow UE to use separate panels for DL reception and UL transmission, respectively.
Proposal 17: At least for MPE mitigation, support UE to report NW a same or different sets of preferred NW beams for UL transmission and DL reception, respectively. 
· UE reporting P-MPR value or MPE event associated with the preferred NW beam is not needed.
· FFS: joint beam report for DL and UL, or separate beam reports for DL and UL   

Multi-panel UE assumption to facilitate fast UL panel selection and MPE mitigation
Proposal 18: On MP-UE assumption to facilitate fast UL panel selection and MPE mitigation, a same set or different sets of UE panels can be used for DL reception and UL transmission, respectively.
Proposal 19: Whether to assume independent unit of PC, FFT timing window, and/or TA for each UE panel should be discussed in other corresponding M-TRP AIs rather than MB AI.

Signaling mechanisms to facilitate fast UL panel selection and mitigate MPE mitigation
Proposal 20: To facilitate fast UL panel selection and mitigate MPE issue, support UE to provide UE-assisted information for each DL RS reported in beam reporting to let NW understand:
· The reported DL RSs correspond to different panels or the same panel
· The reported DL RSs are preferred for UL or not
Proposal 21: The mapping between UE panel/spatial filter for UL and a source RS provided by a spatial relation or a common TCI state is up to UE implementation.  

Other aspects including signaling enhancements
Proposal 22: Support one or more BFD/RLM RS update by single MAC-CE
Proposal 23: Update associated DL CSI-RS in the SRS resource set with usage=‘nonCodebook’ by MAC-CE
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Annex
System-level simulation assumptions for MPE mitigation
	Parameters
	Values

	Frequency range
	30 GHz

	SCS
	120 KHz

	Bandwidth
	80 MHz

	Scenarios
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor

	UE dropping
	Randomly drop 5 UEs per sector

	UE speed
	30km/hr

	Traffic Model
	Full buffer

	BS antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ

12 beams per panel at BS side with 2 different angles in elevation and 6 different angles in azimuth

	BS antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE antenna configuration
	Number/location of panels: 3 panels (left, right, and back) 
Panel structure: 1x4x2 or (M, N, P) = (1, 4, 2), dH = 0.5 λ 
.
4 beams per panel at UE side with 4 different angles in azimuth

	UE antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10

	UE and panel orientation
	Vertical but random in azimuth

	Transmission power
	Maximum power and maximum EIRP for base station and UE as given by corresponding scenario in 38.802 (Table A.2.1-1 and Table A.2.1-2)

	Panel blockage modeling for MPE
	Only one panel is blocked. The blocked panel is randomly selected at each drop.Blocking entails an additional pathloss of 10dB applied to both DL and UL. For simulation with full buffer traffic, a blocking event is determined, started at the beginning of each drop, and sustained throughout the entire drop.

	MPE modeling
	When MPE occurs, the maximum TX power for the covered panel is reduced by 10 dB P-MPR. 
That is, the actual maximum TX transmit power = maximum UE TX power (23dBm) – P-MPR (10dB)

	Beam correspondence
	Perfect beam correspondence，∆EIRPBC =0

	Link adaptation
	Based on CSI-RS

	Inter-panel calibration for UE
	Ideal

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT-based

	Transmission scheme
	CB-based SU-MIMO

	Other simulation assumptions
	Serving TRP selection: RSRP Best
Scheduling algorithm: PF

	Other potential impairments
	Not modelled (assumed ideal)

	Algorithm details (when applicable)
	Beam metric: L1-RSRP
One panel is active during the data transmission

	UE-side panel switching latency
	0 ms for active panels

	Performance metrics
	CDF of UE throughput including average, 50%, and 5% UE throughput (representing cell-edge coverage)
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