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1. Introduction
[bookmark: _Hlk54343086]The following agreements have been achieved for multi-beam operation in RAN1 #106-e.  
	Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (i.e. bwp-Id or cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC

Agreement
Confirm the following working assumption with revision in RED
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell beam management mobility, support the following:
· Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· Already agreed up to RAN1#106-e day2
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH

Agreement
On Rel.17 unified TCI framework, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· Aperiodic CSI-RS resources for CSI
· FFS: Discuss if further restriction or further case is necessary
· Aperiodic CSI-RS resources for BM 
· FFS: Discuss if further restriction or further case is necessary
· FFS: Other CSI-RS time-domain behaviors and/or restriction(s)
 
Agreement
On Rel.17 unified TCI framework:
· Aperiodic SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· FFS: Discuss if/which restriction is necessary, e.g. only for aperiodic, apply to all resources in a set
· Note: This doesn’t imply that all time-domain behaviors are automatically supported
 
Agreement
On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
· Any other case, it is defined as beam misalignment
 
Agreement
On Rel.17 beam indication enhancements for inter-cell management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) apply to:
· Both joint TCI and separate DL/UL TCI
· FFS: For separate DL/UL TCI, whether the indicated DL TCI and UL TCI are associated with SSBs of a same physical cell ID
 
Agreement
On Rel.17 beam indication enhancements for inter-cell management, for the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation):
· Both MAC-CE based and MAC-CE+DCI-based beam indication schemes are supported
Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.

Working Assumption 
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), Rel-17 mechanism(s) which reuse the Rel-15/16 TCI state update signaling/configuration design(s) are used to update/configure such DL RS(s) with Rel-17 TCI state(s).

Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, for the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation):
· Support a UE feature on how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states 
· FFS: If UE is configured for only one physical cell ID, decide between the following two options:
· Opt1: the NW can activate TCI states associated with either the same physical cell ID as that of the serving cell or a different physical cell ID from that of the serving cell 
· Opt2: the NW can only activate TCI states associated with the same physical cell ID as that of the serving cell
Note: The above does not necessarily mean that more than 1 physical cell ID that is not serving cell in RRC


Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols.
· FFS whether Y is configured per BWP , per CC or per band or per SCS , or independent of BWP/CC/SCS
· Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted

Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP

Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, in RAN1#106bis-e, further down select one from the following alternatives for the case of CA:
· Alt1: The first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication
· Alt2: The first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment
· Alt3: The first slot and the Y symbols are both determined on the UL carrier carrying the acknowledgment.

Agreement
The following working assumption is confirmed with revision in RED.
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), Rel-17 mechanism(s) which reuse the Rel-15/16 TCI state update signaling/configuration design(s) are used to update/configure such DL RS(s) with Rel-17 TCI state(s).
· Applies for both intra-cell and inter-cell beam indication

Conclusion
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in supporting additional value(s) of KMAX other than 4

Agreement 
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#106bis-e, select one of the following alternatives:
· Alt1. Support L1-based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt2. Support MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt3. In Rel-17, event-driven beam reporting is not supported for inter-cell beam management and inter-cell mTRP

[bookmark: _Hlk79742541]Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· If not associated, the setting(s) of (P0, alpha, closed loop index) for SRS per BWP is independent of the UL or (if applicable) joint TCI states
· This is only applicable for SRS sets using Rel-17 TCI state to determine their spatial relation.
FFS: Whether more than one parameter sets can be configured, e.g. for different traffics

Conclusion
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, there is no consensus in configuring the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component 
· Note: It has been agreed that “The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS” and hence the setting of (P0, alpha, closed loop index) is channel/signal dependent (separate settings for PUCCH, PUSCH, and SRS)

Conclusion
On Rel-17 unified TCI, for Rel-17, there is no consensus in supporting additional (M,N) values other than  (M,N)=(1,1)

Conclusion
On Rel.17 enhancements for inter-cell beam management, 
· In Rel-17, RAN1 cannot reach consensus in supporting same or different TA values across the serving cell and TRPs with different PCIs from that of the serving cell 

Agreement
On Rel.17 enhancements for inter-cell beam management, 
· To be finalized in RAN1#106bis-e): UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following:
· (Working Assumption) For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection)
· FFS: The supported value(s) of M
· FFS: Whether N represents the number of selected beams or the number of panels
· FFS: Supported values of N
· FFS: Whether beam-specific and/or panel-specific PHR is also reported 
· FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR
· FFS: additional signaling (e.g. CSI triggering) from the NW

Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, select NMAX (the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting) from the following alternatives (to be decided in RAN1#106bis-e): 
· Alt1: NMAX   is up to UE capability with candidate values of 1 and X.
· Note: X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE measures up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· Alt2. NMAX=1
  
Agreement
On Rel-17 enhancements to facilitate advanced beam refinement/tracking, in Rel-17, further focus study (including down-selection) and, if needed, specification effort on Opt 1-A as agreed in RAN1#105-e (UE -initiated beam selection/activation based on beam measurement and/or reporting, without beam indication or activation from NW) comprising: 
· UE -initiated (DL-only or DL/UL) beam selection, including the following options
· Opt1. The selected beam is reported by an event-triggered UE beam reporting via, e.g. UCI , MAC CE, UL CG, or Type 1/Type 2 CBRA/CFRA
· Opt2. The selected beam is reported by a legacy UE beam report (NW-configured)
· FFS on triggering condition and NW-indication of a beam group in which the UE is allowed to do the beam selection, e.g., the NW-indication via MAC-CE
· FFS : NW confirmation, e.g. if no NW beam selection command overwriting the selected beam is received in a time window after the report
· UE-initiated beam activation based on beam reporting  
· The reported beam(s) are activated as active TCI/spatial relation RS(s) automatically w/o NW activation command after receiving gNB response signalling , e.g. DCI/MAC CE
· FFS : The reported beam is applied directly if the number of supported activated beam by the UE is one and/or after receiving gNB response signaling, or if no NW activation command overwrites the beam(s) activated by the report in a time window after the report
· UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams
· The UE can select an alternative beam from the other beams in the gNB -configured set containing more than one UL beam

Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, down select or modify from the following two schemes in RAN1#106bis-e:
· Scheme 1: 
· A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance (i.e. Opt1-1 per RAN1#104-bis-e agreement) 
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS : Detailed design of how to inform the correspondence to NW 
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Support UE reporting of maximum number of SRS ports and coherence type for each panel entity as a UE capability
· Support multiple c odebook -based SRS resource sets with different maximum number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE capability for the panel entity 
· Scheme 2: 
· Support UE reporting one of the following (to be down selected in RAN1#106bis-e): 
· Opt1. A list of supported UL ranks (number of UL transmission layers) 
· Opt2. A list of supported number of SRS antenna ports
· Opt3. A list of coherence types (as in Rel-15) indicating a subset of ports
· The NW configures an association between an rank index and rank/number of SRS antenna ports/coherence type
· Include at least one of the index, the maximum UL rank or SRS antenna ports or coherence type corresponding to a reported SSBRI/CRI in a beam reporting instance 
· FFS : timeline to apply above result in the beam report instance
· Support multiple codebook-based SRS resource sets with different number of SRS antenna ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE reported info corresponding to the index


[bookmark: _Hlk525732985]
2. Issue 1 – Unified TCI Framework
In RAN1 #103e, it was agreed that the joint DL/UL TCI states will be configured in one pool, which may or may not be shared with separate DL/UL TCI states. We slightly prefer a common pool shared by all types of TCI states. This way does not need to solve the ambiguity of TCI type for the same TCI ID. Furthermore, the same TCI field in DCI can indicate all types of TCI states. 
Proposal 1: Support a common pool for all types of TCI states. 
In RAN1 #105e, it has been agreed to introduce UE capability on support of beam misalignment between UL beam indicated by the UL or joint TCI state and Rx beam of the associated PL RS. In RAN1 #106e, the beam alignment is defined at least as the event when the PL RS is identical to the spatial RS in the UL or joint TCI state. However, there are other conditions under which the Rx beam of PL RS is identical to the indicated Tx beam. Those conditions may include: (1) the PL-RS is identical to the QCL Type-D RS of UL TCI spatial relation RS; (2) the QCL Type-D RS of PL-RS is identical to the UL TCI spatial relation RS; (3) the QCL Type-D RS of PL-RS is identical to the QCL Type-D RS of UL TCI spatial relation RS. It would be beneficial to define the UE capability accordingly for aligned understanding at both gNB and UE, and gNB should ensure one of the “beam alignment” conditions is satisfied if UE indicates not supporting the “beam misalignment”.
Proposal 2: The “beam alignment” in the UE capability of “beam misalignment” is defined as the following additional events:
· The PL-RS is identical to the QCL Type-D RS of UL TCI spatial relation RS.
· The QCL Type-D RS of PL-RS is identical to the UL TCI spatial relation RS.
· The QCL Type-D RS of PL-RS is identical to the QCL Type-D RS of UL TCI spatial relation RS.

In R15/16, UE will reset the PUSCH PC adjustment state whenever P0 or alpha is reconfigured. In RAN1 #105e, it is agreed that PC parameters can be associated with an UL or joint TCI state. A similar issue could be whether UE should reset the PC state if the associated PC parameters are updated for an UL or joint TCI state used for UL transmission. It would be beneficial to clarify the corresponding UE behaviour.
	38.213:
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Proposal 3: Clarify whether the corresponding PC adjustment state should be reset when the associated PC parameters are updated for an UL or joint TCI state used for UL transmission.
To accommodate different UE complexities on memory consumption, UE should be able to report capability on whether supporting simultaneous configuration of both unified TCI states and R15/16 legacy beam indications. 
[bookmark: _Hlk78644680][bookmark: _Hlk78556025][bookmark: _Hlk78644731]Proposal 4: Introduce UE capability of supporting configuration of either unified TCI states or R15/16 TCI states and spatial relations at a given time.
In RAN1 #105e, WA has been made such that multiple CCs can share a common TCI state pool. To better reflect UE complexity on common beam per band, it would be beneficial for UE to report maximum supported number of configured and activated TCI states across CCs in a band, instead of reporting per-CC capability as in R15/16. 
Proposal 5: Support UE capability to report maximum number of configured and activated TCI states across BWPs/CCs in a band.
As for the common TCI state pool shared by multiple CCs, the signalling of the reference BWP/CC configured with the common TCI state pool needs to be clarified. To minimize new signalling, the RRC configured CC list introduced in R16 can be reused with simple clarification that a single BWP/CC configured with the TCI state pool serves as the reference BWP/CC of that CC list. 
Proposal 6: A single BWP/CC configured with a common TCI state pool shared by a list of CCs serves as the reference BWP/CC of the CC list. 
Another remaining issue for the common TCI state pool is the determination of PC parameters used by the selected common TCI state ID on individual target CC. For the PC parameters except for the PL RS, they can reuse those associated with the selected common TCI state ID on the reference CC. For the PL RS, it can be the same PL RS for the common TCI state ID on the reference CC or the PL RS configured on the target CC with the same RS ID as the PL RS on the reference CC. Similar to R15, which option to be used can be configured by gNB. 
Proposal 7: For a common TCI state pool shared by multiple CCs, the PC parameters for a selected common TCI state ID on each target BWP/CC can be determined as below
· [bookmark: _Hlk78563069]For the PC parameters except for the PL RS, they can reuse those for the selected common TCI state ID on the reference BWP/CC.
· The used PL RS can have the following two alternatives, which can be selected by gNB
· Alt1: Use the same PL RS for the selected common TCI state ID on the reference BWP/CC.
· Alt2: Use the PL RS configured on the target BWP/CC with the same RS ID as the PL RS for the selected common TCI state ID on the reference BWP/CC.

In R15, the TCI state of periodic CSI-RS and the spatial relation of periodic SRS have to be updated via RRC. To save RRC reconfiguration latency, the joint DL/UL TCI state of periodic CSI-RS and SRS can be dynamically updated via 
[bookmark: _Hlk68354894]Proposal 8: Joint DL/UL TCI state of periodic CSI-RS and SRS can be updated by MAC-CE or DCI.
3. [bookmark: _Hlk54257923]Issue 2 – L1/L2 Centric Inter-Cell Mobility
In the context of inter-cell mTRP, group-based beam report should be extended such that the two reported beams per group can be from serving and non-serving cells, respectively. For example, one reported RS can have the root QCL source RS as SSB from a non-serving cell, while the other reported RS can have the root QCL source RS from the serving cell. Both reported beams from serving and non-serving cells in a beam group can be simultaneously received by the UE.
Proposal 9: For group-based beam report in inter-cell mTRP, support that the two reported beams per group can be from serving and non-serving cells, respectively. 
To accurately measure SSB from non-serving cells, UE may need to continuously track those SSBs for corresponding timing and Rx beams. To save UE power consumption, the measurement for SSBs on non-serving cells can be dynamically (de)activated by gNB, e.g. activated only when the best SSB RSRP of the serving cell is below a certain threshold, which may imply UE is near the serving cell boundary. 
Proposal 10: Support dynamic (de)activation of the SSB measurement on non-serving cell(s) via MAC CE.
A remaining issue from RAN1 #106e is the Rx timing assumption for non-serving cell. To simplify the UE implementation, the Rx timing difference between serving and non-serving cells should be less a CP for inter-cell beam management.
Proposal 11: For inter-cell BM, serving and non-serving cells should have Rx timing difference less than a CP.
In addition, the baseline assumption for L1 measurement over SSBs from different PCIs should be TDM based measurement, i.e. SSBs configured for L1-RSRP measurement should be at non-overlapping occasions to facilitate UE to use corresponding refined Rx beam at each time. However, the TDM based measurement may require staggering SSB bursts from different PCIs in time and, hence, the L1 measurement latency will scale up as the number of measured PCIs increases, e.g. 40 ms period per PCI for two measured PCIs, 60 ms period per PCI for three measured PCIs, and so on. This may defeat the purpose of fast cell switching based on timely L1 report. On the other hand, the measurement latency may not scale up if the UE is capable of measuring overlapped SSBs, which can be feasible at least for some UEs. Therefore, it would be beneficial to introduce UE capability for supporting measurement of SSBs overlapped in time to reduce the measurement latency. It should be emphasized that the there is no newly introduced constraint on the SSB burst transmission in inter-cell BM. 
Proposal 12: For L1-RSRP measurement in inter-cell BM, introduce UE capability for supporting measurement of SSBs from different PCIs that overlapped in time.
· The maximum number of overlapped SSBs configured for L1-RSRP measurement is up to UE capability.
· For UEs not supporting such capability, the SSBs configured for L1-RSRP measurement should not overlap in time.
· There is no newly introduced constraint on the SSB burst transmission in inter-cell BM.

In RAN1 #106e, it has been clarified that for UE only supporting 1 active TCI state, MAC-CE based beam indication (activation of one TCI state) can be used to switch between common and dedicated channels on serving and non-serving cells, respectively. However, a large number of MAC-CEs may have to be sent if a large number of UEs are expected to receive the common channel, e.g. for system info update. One way to mitigate the MAC-CE overhead and latency is to introduce a pre-determined beam switch pattern for UE to periodically switch to the common PDCCH channel for potential control info and then switch back to the dedicated channel.  
[bookmark: _Hlk83829828][bookmark: _Hlk83829945]Proposal 13: At least for UE only supporting 1 active TCI state, the UE can be configured to preform pre-determined periodic beam switch between the common channel on serving cell and the dedicated channel on the non-serving cell.
As for the event driven beam reporting, the corresponding options are to be down selected in RAN1 #106be. For the L1 based event driven beam reporting, the report is to be sent on dedicated PUCCH, which may have to be periodically reserved for potential reporting. On the other hand, the MAC-CE based event driven beam reporting can reuse the existing SR at the cost of larger latency, which may still be acceptable if the UL grant is issued timely. Therefore, the MAC-CE based event driven beam reporting may be more preferrable in terms of overhead saving. 
Proposal 14: Support MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP.
For L1/L2 based inter-cell mobility performance, evaluation was conducted based on the agreed assumptions in [1]. The HO starts when the target cell has 3 dB better L1-RSRP for 10 consecutive measurements than the source cell. The HO latency is modelled as 2 slots for L1 based mobility to account for the DCI based beam switch, and is modelled as a random number in U[1, 1.5]sec followed by an 80 ms blackout duration for L3 based mobility. In Figure 1, as expected, the L3 based cell switch is always behind the L1 based cell switch in case of 11 horizontally placed SSBs, and the latency increases for higher UE speed. 
To investigate the impact of the cell switch latency on system performance, the serving sector’s RSRP trace is plotted in Figure 2 for both L1 and L3 based mobility in case of 11 SSBs per sector, based on which the CDF of RSRP difference between L1 and L3 mobility is also plotted for different UE speeds. It can be seen that the median RSRP difference is 18 and 20 dB for UE speed of 60 and 120 kmph, respectively. Similar results can be observed in Figure 3 for 22 SSBs per sector with 2 rows of 11 SSBs placed vertically. The large RSRP gap implies a significant impact on throughput and latency.
Observation 1: It can be observed that the median RSRP difference between L1 and L3 based mobility is 18 and 20 dB for UE speed of 60 and 120 kmph, respectively.
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Figure 1: Serving Sector Switching Time Trace for L1 & L3 Mobility (11 SSBs per Sector)
[bookmark: _Hlk54266194][image: ] [image: ]
Figure 2: Serving Sector RSRP Trace and RSRP Difference CDF for L1 & L3 Mobility (11 SSBs per Sector)
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Figure 3: Serving Sector RSRP Trace and RSRP Difference CDF for L1 & L3 Mobility (22 SSBs per Sector)
4. Issue 3 – Dynamic TCI Update Signalling
In RAN1 #104bis-e, it is agreed that RV field of all ‘1’s is used to differentiate DCI format 1_1/1_2 for TCI update without DL assignment from other use cases. However, the RV field may be configured with 0 bit by higher layer parameter numberOfBitsForRV-DCI-1-2. In this case, the rvid is assumed to be 0, which is different from the all ‘1’s used to identify the DCI format for TCI update. Therefore, the RV field should always present for DCI format 1_2 for TCI update and without DL assignment.
Proposal 15: For DCI format 1_2 for TCI update and without DL assignment, the RV field should always present. 
In case of Type-1 HARQ-ACK codebook, one issue for the TCI updating DCI without DL assignment is that the indicated virtual PDSCH occasion may not fall into the candidate K1 window of the indicated PUCCH resource carrying the codebook. For example, suppose the candidate K1 set includes two candidate values of K1={2, 4}, TCI updating DCI without DL assignment is sent in slot #n, the indicated virtual PDSCH occasion is in slot #n+1, and the indicated PUCCH for A/N is in slot #n+2. In this case, the Type-1 codebook will only consider PDSCH occasions in slot #n and #n-2, and will not consider the indicated virtual PDSCH occasion in slot #n+1. Therefore, there is no valid A/N bit position for the TCI updating DCI, which is based on the virtual PDSCH occasion. A simple solution is to clarify that the indicated virtual PDSCH occasion must be in the candidate K1 window, i.e. the value of K1-K0 shall be among the “set of slot timing values K1” as defined in Section 9.1.2.1 of 38.213, where the K1 in the “K1-K0” refers to the HARQ-ACK timing indicated in the DCI and determines the time offset between the DCI and the PUCCH, while the indicated K0 in the “K1-K0” determines the time offset between the DCI and the virtual PDSCH occasion.  
[bookmark: _Hlk78626787]Proposal 16: For Type-1 HARQ-ACK codebook, if TDRA of DCI indicates K0 for the virtual PDSCH and the DCI indicates a value K1 for HARQ-ACK timing, then the value of K1-K0 shall be among the “set of slot timing values K1” as defined in Section 9.1.2.1 of 38.213.
In R16, the application time for a PL RS activated by the MAC-CE is defined as 3 ms after the ACK for the MAC-CE if the PL RS has been maintained by the UE. In RAN1 #105e, it is agreed that the application time for the DCI indicated beam indication is X ms after the ACK for the DCI. However, the application time for the PL RS associated with the beam indication still needs to be clarified. In addition, it is agreed that UE shall maintain the PL RS associated with each activated UL or joint TCI state. Therefore, a simple clarification could be that the application time for the associated PL RS can be the same as that for the beam indication. 
Proposal 17: The application time for the PL RS associated with an updated beam indication by the DCI can be the same as that for the updated beam indication.
Furthermore, additional application time should be added when the SCS of the TCI updating DCI is smaller than that of applied channel(s) to account for extra DCI decoding latency. The additional application time may reuse the additional beam switching delay defined for cross-carrier AP CSI-RS triggering with different numerologies. 
Proposal 18: If the TCI updating DCI has smaller SCS than the applied channel(s), the time gap between DCI and the application time should be no less than the corresponding UE capability plus an additional value to account for extra DCI decoding latency.
· Value may reuse the additional beam switching timing delay d defined in 38.214 Table 5.2.1.5.1a-1.
5. Issue 4 – Fast UL Panel Selection
On the UL panel selection, one use case is to support different configurations across UE panels. To support panel specific configuration, UE needs to report panel related capabilities, including number of DL/UL panels, number of beams per panel, number of antenna ports per panel, and panel specific activation/selection delay. In addition, the panel specific capability can be common across multiple CCs, which share the same physical panel. 
Proposal 19: Support UE to report the panel related capabilities.
· The capabilities include number of DL/UL panels, number of antenna ports per panel, maximum resource number per resource set of SRS for BM, panel specific activation/selection delay.
·  Reported panel related capabilities can be common across multiple CCs. 
In RAN1 #103e, it is agreed that UE-initiated UL panel selection/activation should be supported. The UE-initiated activation could be UE request for gNB to approve, or UE indicating its decision to gNB. However, the final decision on UE panel activation should be left to UE as today’s behaviour. Because UE’s decision on panel activation is based on various factors like power consumption, which are difficult to be known by gNB accurately and timely. To avoid negative impact to UE performance, the panel activation decision should made by UE. Among those active panels, gNB may select which one to use per transmission based on gNB’s knowledge, e.g. UL interference control, MPE mitigation, etc. 
[bookmark: _Hlk68355669]Proposal 20: Final decision of UE panel activation should be made by UE.
· Among active UE panels, gNB may select which one to use per transmission. 
For the UL panel selection, gNB may need to know which UE panels are active and hence select UL panel(s) among those active panels. Therefore, it would be beneficial for UE to report the panel activation status, which may vary across time based on UE’s panel management, e.g. for power saving purpose. In addition, to reduce the reporting overhead, UE can report the panel activation status common across a set of CCs, since the same UE panel is typically shared by multiple CCs.
Proposal 21: Support UE reporting of panel activation status.
· Reported panel activation status can be common across multiple CCs. 
In RAN1 #106e, two schemes are discussed for multiple CB based SRS resource sets with different antenna port numbers. Scheme 1 is to report panel entity associated with the reported DL RS, while Scheme 2 is to directly report antenna port number associated with the reported DL RS. We prefer Scheme 1, which provides a general framework for all panel selection related use cases, e.g. power saving, UL interference control, simultaneous multi-panel Tx. This is because the reported panel entity will point to the corresponding panel capabilities, which may include other info in addition to the antenna port number, e.g. number of beams, selection latency, etc.
Proposal 22: For multiple CB based SRS resource sets with different numbers of SRS antenna port, support scheme 1, i.e. the correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW.
· The panel entity can be identified via existing ID, e.g. SRS resource set or resource ID.
In addition, when common TCI state is selected/activated for a set of CCs, the reported panel info associated with the reported DL RS should be applied to the set of CCs besides the CC configured with the reported DL RS. This is because the common UL beam applied to the set of CCs is mapped to the same panel. So same panel info should be assumed when the reported DL RS determines the common UL TX spatial filter for codebook-based SRS resources across those BWPs/CCs.
Proposal 23: When common TCI state is selected/activated for a set of BWPs/CCs, the same reported panel info associated with a reported DL RS is applied to the set of BWPs/CCs when the reported DL RS determines the common UL TX spatial filter for codebook-based SRS resources across those BWPs/CCs.
· The reported DL RS is configured on one BWP/CC in the set of BWPs/CCs.
· The panel info includes the SRS antenna port number and coherence type to be applied to the codebook-based SRS resources.
To indicate the selected UE panel per UL transmission, both gNB and UE should be aligned on the mapping between the TCI state for UL transmission and the corresponding UE panel. The mapping can be semi-statically configured or dynamically indicated to UE per scheduled transmission. In addition, if the mapping is changed due to UE movement/rotation, UE should report the updated panel corresponding to a TCI state. 
Proposal 24: gNB and UE should be aligned on the mapping between TCI state and UE panel. 
· UE can report the updated panel corresponding to a TCI state.
In R15/16, for a measured DL RS, UE only reports a single L1 metric corresponding to one UE panel. However, selecting which panel for UL transmission may not only depend on L1 metric. gNB may need to jointly consider other factors. For example, for the same TCI state, gNB may select the UE panel causing less UL interference to neighbour cells among candidate panels with similar L1 metrics. Therefore, for a measured DL RS, it would be beneficial for UE to report L1 metrics for multiple UE panels, among which gNB may select the one by jointly considering L1 metric and UL interference. 
Proposal 25: In the beam report for UL beam selection, for each reported DL RS, UE can report multiple L1 metrics measured on different panels for that DL RS.
· Among multiple reported panels for the same DL RS, gNB may select the one for UL transmission by jointly considering L1 metric and UL interference. 
6. Issue 5 – UL Beam Selection Considering MPE
In RAN1 #106e, it has been agreed that the enhanced P-MPR report can additionally include N P-MPR values corresponding to either N candidate UL beams (M=1) or N panels (M>1). The beam-level P-MPR report is preferred, since one UL beam suffering MPE does not mean all UL beams on the same panel have the issue, and the best UL beam is likely to be on the same panel. On the number of reported UL candidate beams, it can be up to UE capability with candidate value at least including 1. In case of multiple reported UL candidate beams, they can be sorted according to the corresponding UL RSRP values or, equivalently,  the (DL RSRP – P-MPR) values if DL RSRP is reported in addition to P-MPR. 
Proposal 26: For the enhanced P-MPR report, support each of the N reported P-MPR values is associated with one reported SSB/CRI, i.e. M=1.
· The N represents the number of reported candidate UL beams.
· The value of N is configured by NW based on UE capability, at least including a candidate value of 1.
· The N reported UL beams are selected/sorted according to their UL RSRP values or, equivalently, their (DL RSRP – P-MPR) values.
For event triggered enhanced P-MPR report, the failed UL beam can be quickly recovered by resetting the UL beam to the reported UL candidate beam after UE receives gNB’s response to the report. For example, UE can send the P-MPR report via MAC-CE on the PCell in FR1 and, after receiving the gNB’s response on PCell, both sides will reset the UL beam on the SCell suffering from the MPE issue in FR2. 
Proposal 27: Support UL beam resetting based on the reported UL beam in the enhanced P-MPR report, after UE receives gNB’s response to the report.
Similar to the existing DL beam report, differential report can be considered to reduce reporting overhead when multiple UL beams are reported in the same reporting instance. 
Proposal 28: Support differential report when multiple UL beams are reported in the same reporting instance.
The performance of MPE is investigated next. The assumptions for dense urban outdoor scenario are based on the agreement in Table 3 of [1]. Additional details are listed below for calibration purpose.  
	Parameter Name
	Value
	Parameter
	Value

	Channel Model 
	UMI with ISD 200 m
	gNB element # per sector
	256

	Max UE Tx power
	23 dBm
	gNB antenna element gain
	8 dBi

	UE antenna element gain
	5 dBi
	Blocked UE panel
	Random one at sim start

	UE array gain
	6 dB
	UE # per sector
	10

	Blocked panel modelling
	Additional 10 dB loss on DL/UL + 10 dB max UL power reduction
	UE orientation
	Vertical but random in azimuth

	Panel # per UE
	3
	Panel orientation
	Left, back, right


Table 1: Simulation Assumptions for MPE Performance 

	
	All UEs
	Impacted UEs

	
	Without MPE mitigation
	With MPE mitigation
	Without MPE mitigation
	With MPE mitigation

	5%ile TPUT (Mbps)
	0.2
	0.5
	0.01
	0.2

	5%ile TPUT gain
	–
	250%
	–
	2000%

	Mean TPUT (Mbps)
	13.2
	21.1
	5.4
	10.6

	Mean TPUT gain
	–
	62%
	–
	96%


Table 2: Summary of UE Throughput Gain with MPE Mitigation 
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Figure 4: Comparison of UE Throughput, SNR, and SINR for without and with MPE mitigation
· alwaysBest (green) – Best DL beam as UL beam (without MPE mitigation)
· hybrid (blue) – Best DL beam not suffering MPE as UL beam (with MPE mitigation)
· noMPE (red) – Same as Scheme 1 but without max UL power reduction (ideal reference)
The CDFs of UE mean throughput, median SNR, median SINR are plotted in Figure 4 for the following 3 schemes. Compared with the scheme without MPE mitigation (green), the scheme with MPE mitigation (blue) improves all metrics by selecting the best DL beam not suffering MPE as the UL beam, which enhances the UL performance significantly. The throughput gain with MPE mitigation is summarized in Table 2, where for the 5%ile TPUT gain: 250% in general, 2000% for suffering UEs, and for the mean TPUT gain: 62% in general, 96% for suffering UEs. Meanwhile, the CDF of UE path loss is plotted in Figure 4 as well for calibration purpose.  
Observation 2: Throughput improvement can be observed with MPE mitigation in dense urban scenario.
· 5%ile TPUT gain is 250%; mean UE TPUT gain is 63%.
7. [bookmark: _Hlk68340179][bookmark: _Hlk54342831]Issue 6 – Report-Based Beam Update
[bookmark: _Hlk83827056]In RAN1 #106e, report-based beam update has been selected with details for further study. In case of NW scheduled DL beam report, the best reported DL beam can implicitly indicate the selected joint or DL-only TCI state, which contains the best reported DL RS as QCL-TypeD source RS. If the selected TCI state has been activated, the TCI state application time can be defined as the start of the first slot after X symbols from the end of the report. Otherwise, the TCI state application time can be the start of the first slot after 3 ms from the end of the report. However, if DCI or MAC-CE reselecting the TCI state for the same applicable channels/RSs has been received before the TCI state application time, the reselected TCI state will overwrite the one selected by the report. This improves reliability and flexibility when gNB does not receive the report or prefers a different TCI state. Similarly, if NW schedules UL beam report for UL beam selection, the best reported UL beam can implicitly indicate the selected UL-only TCI state, which contains the corresponding reported DL RS as spatial relation RS.
[bookmark: _Hlk83825903]Proposal 29: For a NW scheduled DL beam report (or UL beam report), the joint or DL-only TCI state (or UL-only TCI state) corresponding to the best reported DL beam (or UL beam) will be selected for the applicable channels/RSs if no DCI/MAC-CE reselecting the TCI state for the same applicable channels/RSs is received before the TCI application time, which is defined as below for report based TCI update.
· If the TCI state selected by the report has been activated, the TCI application time is the start of the first slot after X symbols from the end of the report.
· Otherwise, the TCI state application time is the start of the first slot after 3 ms from the end of the report. 
8. Conclusion
In this contribution we discussed enhancements for Rel-17 NR FeMIMO beam management. Below are the observations and proposals
Observation 1: It can be observed that the median RSRP difference between L1 and L3 based mobility is 18 and 20 dB for UE speed of 60 and 120 kmph, respectively.
Observation 2: Throughput improvement can be observed with MPE mitigation in dense urban scenario.
· 5%ile TPUT gain is 250%; mean UE TPUT gain is 63%.

Proposal 1: Support a common pool for all types of TCI states. 
[bookmark: _Hlk83741726]Proposal 2: The “beam alignment” in the UE capability of “beam misalignment” is defined as the following additional events:
· The PL-RS is identical to the QCL Type-D RS of UL TCI spatial relation RS.
· The QCL Type-D RS of PL-RS is identical to the UL TCI spatial relation RS.
· The QCL Type-D RS of PL-RS is identical to the QCL Type-D RS of UL TCI spatial relation RS.

Proposal 3: Clarify whether the corresponding PC adjustment state should be reset when the associated PC parameters are updated for an UL or joint TCI state used for UL transmission. 
Proposal 4: Introduce UE capability of supporting configuration of either unified TCI states or R15/16 TCI states and spatial relations at a given time.
Proposal 5: Support UE capability to report maximum number of configured and activated TCI states across BWPs/CCs in a band.
Proposal 6: A single BWP/CC configured with a common TCI state pool shared by a list of CCs serves as the reference BWP/CC of the CC list. 
Proposal 7: For a common TCI state pool shared by multiple CCs, the PC parameters for a selected common TCI state ID on each target BWP/CC can be determined as below
· For the PC parameters except for the PL RS, they can reuse those for the selected common TCI state ID on the reference BWP/CC.
· The used PL RS can have the following two alternatives, which can be selected by gNB
· Alt1: Use the same PL RS for the selected common TCI state ID on the reference BWP/CC.
· Alt2: Use the PL RS configured on the target BWP/CC with the same RS ID as the PL RS for the selected common TCI state ID on the reference BWP/CC.

Proposal 8: Joint DL/UL TCI state of periodic CSI-RS and SRS can be updated by MAC-CE or DCI.
Proposal 9: For group-based beam report in inter-cell mTRP, support that the two reported beams per group can be from serving and non-serving cells, respectively. 
[bookmark: _Hlk78278486]Proposal 10: Support dynamic (de)activation of the SSB measurement on non-serving cell(s) via MAC CE.
[bookmark: _Hlk83802756]Proposal 11: For inter-cell BM, serving and non-serving cells should have Rx timing difference less than a CP.
Proposal 12: For L1-RSRP measurement in inter-cell BM, introduce UE capability for supporting measurement of SSBs from different PCIs that overlapped in time.
· The maximum number of overlapped SSBs configured for L1-RSRP measurement is up to UE capability.
· For UEs not supporting such capability, the SSBs configured for L1-RSRP measurement should not overlap in time.
· There is no newly introduced constraint on the SSB burst transmission in inter-cell BM.

Proposal 13: At least for UE only supporting 1 active TCI state, the UE can be configured to preform pre-determined periodic beam switch between the common channel on serving cell and the dedicated channel on the non-serving cell.
Proposal 14: Support MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP.
Proposal 15: For DCI format 1_2 for TCI update and without DL assignment, clarify that the RV field should always present. 
Proposal 16: For Type-1 HARQ-ACK codebook, if TDRA of DCI indicates K0 for the virtual PDSCH and the DCI indicates a value K1 for HARQ-ACK timing, then the value of K1-K0 shall be among the “set of slot timing values K1” as defined in Section 9.1.2.1 of 38.213.
Proposal 17: The application time for the PL RS associated with an updated beam indication by the DCI can be the same as that for the updated beam indication.
Proposal 18: If the TCI updating DCI has smaller SCS than the applied channel(s), the time gap between DCI and the application time should be no less than the corresponding UE capability plus an additional value to account for extra DCI decoding latency.
· Value may reuse the additional beam switching timing delay d defined in 38.214 Table 5.2.1.5.1a-1.
Proposal 19: Support UE to report the panel related capabilities.
· The capabilities include number of DL/UL panels, number of antenna ports per panel, maximum resource number per resource set of SRS for BM, panel specific activation/selection delay.
·  Reported panel related capabilities can be common across multiple CCs. 
Proposal 20: Final decision of UE panel activation should be made by UE.
· Among active UE panels, gNB may select which one to use per transmission. 
Proposal 21: Support UE reporting of panel activation status.
· Reported panel activation status can be common across multiple CCs. 
Proposal 22: For multiple CB based SRS resource sets with different numbers of SRS antenna port, support scheme 1, i.e. the correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW.
· The panel entity can be identified via existing ID, e.g. SRS resource set or resource ID.
Proposal 23: When common TCI state is selected/activated for a set of BWPs/CCs, the same reported panel info associated with a reported DL RS is applied to the set of BWPs/CCs when the reported DL RS determines the common UL TX spatial filter for codebook-based SRS resources across those BWPs/CCs.
· The reported DL RS is configured on one BWP/CC in the set of BWPs/CCs.
· The panel info includes the SRS antenna port number and coherence type to be applied to the codebook-based SRS resources.
Proposal 24: gNB and UE should be aligned on the mapping between TCI state and UE panel. 
· UE can report the updated panel corresponding to a TCI state.
Proposal 25: In the beam report for UL beam selection, for each reported DL RS, UE can report multiple L1 metrics measured on different panels for that DL RS.
· Among multiple reported panels for the same DL RS, gNB may select the one for UL transmission by jointly considering L1 metric and UL interference. 
Proposal 26: For the enhanced P-MPR report, support each of the N reported P-MPR values is associated with one reported SSB/CRI, i.e. M=1.
· The N represents the number of reported candidate UL beams.
· The value of N is configured by NW based on UE capability, at least including a candidate value of 1.
· The N reported UL beams are selected/sorted according to their UL RSRP values or, equivalently, their (DL RSRP – P-MPR) values.
· DL RSRP can be additionally reported per reported SSB/CRI for UL RSRP computation.

Proposal 27: Support UL beam resetting based on the best reported UL candidate beam in UE triggered P-MPR report, after UE receives gNB’s response to the report.
Proposal 28: Support differential report when multiple UL beams are reported in the same reporting instance.
Proposal 29: For a NW scheduled DL beam report (or UL beam report), the joint or DL-only TCI state (or UL-only TCI state) corresponding to the best reported DL beam (or UL beam) will be selected for the applicable channels/RSs if no DCI/MAC-CE reselecting the TCI state for the same applicable channels/RSs is received before the TCI application time, which is defined as below for report based TCI update.
· If the TCI state selected by the report has been activated, the TCI application time is the start of the first slot after X symbols from the end of the report.
· Otherwise, the TCI state application time is the start of the first slot after 3 ms from the end of the report. 
9. References
1. R1-2007151 R17 ReMIMO EVM final



11

image1.emf
-   A UE reset s   accumulation   of a  PUSCH power  control adjustment state  

l

  for  active   UL BWP  

b

  of   carrier 

f

  of   serving cell 

c

  to 

i k l k f

c f b

,..., 1 , 0 , 0 ) , (

, ,

 

  -   If   a configuration for a corresponding  

) (

, , , O_UE_PUSCH

j P

c f b

  value is  provided   by higher layers   -   If   a configuration for a corresponding  

) (

, ,

j

c f b



  value is  provided   by higher layers  


image2.emf
d = X m

P

Q


Microsoft_Visio_Drawing2.vsdx
d = X m
P
Q



image3.png
Serving Sector Index

12

10

Serving Sector Index Along P to Q (11 SSBs)

u
L3, 60kmph
L3, 120kmph

[T

L1l

[

0 100

200 300
Distance from P

400

500




image4.png
Rx Power from Serving Sector (dBm)

-30

-40

-50

-60

-70

-80

-90

-100

-110

-120

-130

-140

Rx Power from Serving Sector Along P to Q (11 SSBs)

L
L3, 60kmph
L3, 120kmph

100

200 300
Distance from P

400

500




image5.png
$DF of RSRP Difference Between L1 and L3 Based Mobi

(11 SSBs)

L1-L3, 60kmph

0.9 L1-L3, 120kmph

0.8

40

50

60




image6.png
Rx Power from Serving Sector (dBm)

-30

-40

-50

-60

-70

-80

-90

-100

-110

-120

-130

-140

Rx Power from Serving Sector Along P to Q (22 SSBs)

L
L3, 60kmph
L3, 120kmph

100

200 300
Distance from P

400

500




image7.png
$DF of RSRP Difference Between L1 and L3 Based Mobi

(22 SSBs)

L1-L3, 60kmph

0.9 L1-L3, 120kmph

0.8

40

50

60




image8.png
CDF

x23,UMI200,3P

e 3l waysBest

[
i = = hybrid
I sesniess nOMPE
04 rf1i |
1

03 thi

02

0.1
250

o 150 200
UE Mean Throughput (Mbps)

S}




image9.png
CDF

tx23,UMI200,3P

0.7 1

06

05

s 3| WaysBest
= = hybrid
** noMPE

0 10 20
UE Median SNR (dB)

30 40

50




image10.png
CDF

tx23,UMI200,3P

0.7 1

06

05

02

0.1 F

= alwaysBest
== == hybrid
tressees NOMPE

-.
L
— e . I .

-20

10 0 10 20 30
UE Median cbSINR (dB)




image11.png
CDF

09

08

[ik4

06

05

04

03

02

01

£¢23,UMI200,3P

—— alwaysBest
= = = hybrid
noMPE

80 % 100 110 120

UE pathloss (dB)

130 140





