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Introduction
In [1], it is agreed to extend specification support in multi-beam area in Rel-17 with the detailed objectives as follows.
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signalling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signalling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
In this paper, we share high-level considerations on Rel-17 multi-beam enhancements, according to the WID. Rest of this paper is structured as follows, Section 2 discusses the evaluation assumptions, Section 3 discusses the designs for common beam and unified TCI framework, Section 4 discusses UE panel selection and Section 5 discusses enhancements on mobility. A summary is provided in Section 6.

Evaluation methodology and assumptions
As captured in Appendix I, companies shared their views on evaluation methodologies offline and some interim proposals were recorded after email discussions. In this section we would like to share our views on some of the issues that need to be addressed in order to model inter-cell mobility in SLS.
In traditional evaluation methodologies, UEs’ positions remain fixed while their Doppler shift evolves with time, i.e. actual mobility is not modelled. The goal of any inter-cell mobility evaluation in SLS should be to demonstrate performance considering cross-cell UE movement. Two examples of cross-cell trajectories are provided in Figure 1, which are expressed as circle or triangle around the site centre, and the UE is moving along the line in a clock-wise manner. Such trajectories are relatively simple for evaluations. It may also be desirable to consider larger circle or triangle (e.g., circle radius equals to half of inter-site distance) such that the UE crosses the inter-section of multiple cells (instead of only two).
 [image: ]
Figure 1 Example cross-cell trajectory for evaluating inter-cell mobility
After cross-cell trajectory is established, another important factor to consider is whether to model spatial consistency during such cross-cell movement. In our view, to have meaningful evaluation for inter-cell mobility, spatial consistency needs to be accounted for, and properly calibrated, as the channel parameters between two consecutive positions are naturally correlated. Still, such modelling may be memory intensive and hence practically prohibitive. Some sort of simplified spatial consistency modelling may be worth looking into and discussing. 
Observation 1: Evaluating inter-cell mobility requires proper modelling of cross-cell movement trajectory together with spatial consistency.
Assuming cross-cell trajectory and spatial consistency are settled, the third question is how to model the performance of L3 HO in SLS. One simple way to do this is to assume [100]ms of data interruption once the ACK for L3 HO command is received, regardless of the actual channel condition. Such modelling may be a bit conservative, as scalable and delta configuration has been supported by L3 HO in Rel-15. For this reason, it may be better to check with RAN2 and RAN4 on how to model the benchmark performance of L3 HO, including whether there is service interruption and possible durations. 
Another issue to discuss is the triggering condition for HO, such as the receiving quality from one target cell has been become better than the serving cell for [100]ms duration. This brings up further questions on how RRM measurements are arranged, including the number of RRM-RS, any corresponding beam patterns, transmission and reporting periodicity, etc. The RRM measurement arrangement will determine not only the system-level overhead but also the baseline HO performance, while changing the triggering condition may help us looking into the ping-pong effects (frequent HO across cells, leading to even more interruptions). 
Another key issue that needs more attention is that of cell association and corresponding Tx/Rx beam assumptions used to evaluate the link quality and determining the serving cell. Inter-cell mobility modelling will involve changes in the serving cell, with which the easiest solution is to always assume the “best beam-pair”. However such assumption may not be realistic, as the link quality for a non-serving cell may be evaluated with a non-optimal beam-pair, for reasons such as exhaustive beam pairing and searching are time and energy consuming and the UE may not need to use narrow beams that is more suitable for data reception for RRM measurements. To have an accurate baseline performance of L3 HO, we believe it is important to roughly model the beamforming strategy at not only the gNB side but also the UE side.
As RAN2 and RAN4 have more expertise on RRM and its performance, we suggest checking with them on the issues listed above. 
Observation 2: It would be better to check with RAN2/RAN4 on the typical arrangement (RS overhead, beamforming strategy at gNB/UE, reporting periodicity), triggering condition (criteria, thresholds), and benchmark performance (existence of service interruption, duration) of RRM-based L3 HO. 

Common beam and unified TCI framework
‘Default beam’ supported in Rel-15 and Rel-16
The common beam concept can be linked to the ‘default beam’ discussed extensively in Rel-15/16. In that context, a PDCCH beam is used as the common beam in most scenarios. To be more precise, QCL TypeD RS in a TCI state of a CORESET provides UE with the required spatial setting information for both DL and UL transmissions. Therefore, as illustrated in the next figure, only one MAC CE, i.e., one TCI state indication for PDCCH MAC CE, is needed to update DL Rx beam of PDCCH and PDSCH, as well as UL Tx beam of PUCCH and PUSCH.
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Figure 2 Spec support of default beam in Rel-15/16
To enable using PDCCH beam as the common beam for a single CC based on Rel-15/16 spec, higher layer configurations as listed in the next table are needed.
Table 1 Spec support status on ‘common beam’ for a single CC in Rel-15/16
	Common beam for
	Higher layer configurations as enablers
	Details

	PDCCH and PDSCH
	tci-PresentInDCI
	If tci-PresentInDCI is absent, PDSCH Rx beam would follow PDCCH Rx beam.

	PDCCH and PUSCH
	enableDefaultBeamPlForPUSCH0_0;
enableDefaultBeamPlForSRS
	If enableDefaultBeamPlForPUSCH0_0 is true, Tx beam of PUSCH scheduled by DCI format 0_0 would follow PDCCH Rx beam.
If enableDefaultBeamPlForSRS is true, SRS Tx beam would follow PDCCH Rx beam. Since Tx beam of PUSCH scheduled by DCI format 0_1 is indicated via the SRI field in DCI, PDCCH Rx beam provides a reference for SRS/PUSCH Tx beam.

	PDCCH and PUCCH
	enableDefaultBeamPlForPUCCH
	If enableDefaultBeamPlForPUCCH is true, PUCCH Tx beam would follow PDCCH Rx beam.



Furthermore, Rel-16 also introduces multi-CC simultaneous beam indication update by configuring up to 2 cell lists. Therefore, only one TCI state indication for PDCCH MAC CE is needed to update DL Rx beam of PDCCH on all CCs in the same CC list. Together with the spec supports listed in Table 1, common beam for DL/UL data/control channels for intra-band CA can be realized, as in the next illustration.
[image: ]
Figure 3 Spec support of default beam across CCs in Rel-15/16
To enable using PDCCH beam as the common beam for multiple CCs, additionally, the following configuration is needed.
Table 2 Spec support status on ‘common beam’ for CA in Rel-15/16
	Common beam for
	Higher layer configurations as enablers
	Details

	PDCCH across CCs
	simultaneousTCI-CellList
	With simultaneousTCI-CellList configured, CORESET TCI state IDs across CCs would be updated simultaneously. When UE receives PDCCH beam indication on one CC, it should also update PDCCH Rx beam on other CCs in the list.



With higher layer configurations as shown in Table 1 and Table 2, it is observed that Rel-15 and Rel-16 have already provided mechanisms to support common beam for DL/UL control/data for intra-band CA. In such mechanisms, e.g., in DL and UL default beam modes, PDCCH Rx beam is the anchor for the beams applied for all DL/UL data/control channels. Therefore, the supported ‘default beam’ mode can be the starting point for common beam design in Rel-17.
Observation 3: QCL TypeD RS resource in a TCI state of a CORESET can provide the ‘common beam’ for PDCCH/PDSCH/PUCCH/PUSCH for intra-band CA in Rel-15/Rel-16.
Proposal 1:  QCL TypeD RS resource in a TCI state of a CORESET can be the source of common beam indication, for data and control transmission/reception for DL and UL, especially for intra-band CA.

Possible improvements in Rel-17
Starting from what’s already supported in Rel-15/16, Rel-17 design of common beam and unified TCI framework could focus on possible improvements in the following aspects. 
· Further signalling overhead reduction
· Unify DL and UL default mode
· Extension of support to other implementation scenarios of NR
In rest of this subsection, we will introduce our considerations on those useful improvements towards a more efficient DL/UL beam management. 
Further signalling overhead reduction
It is noted that, if using PDCCH beam as the common beam, Rel-15/16 provides the MAC CE based signalling mechanism. Currently, PDCCH beam is configured and updated per each CORESET. Multiple MAC CE messages are required for PDCCH beam update. This mechanism usually means unnecessary redundancies, particularly considering the case that in Rel-17 a common beam is desired for all DL control channels across all CCs. As seen in Rel-16 enhancement about MAC CE based spatial relation update for a group PUCCH resources, overhead can be significantly reduced by updating TCI states for a group of CORESETs across multiple BWPs/CCs.
In addition, if MAC CE command is used as the major signalling mechanism, according to current spec, the UE applies the command in the first slot that is after slot [image: ] where [image: ] is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the command. If a more dynamic scheme, say DCI based indication, is used instead, according to existing specifications, the application timing depends on UE capability timeDurationForQCL, which is 1-2 slots, i.e., 0.125-0.25 ms after UE receives the DCI. Comparing MAC CE based and DCI based signalling method, the difference in application timing (we can call it as the beam switch signalling delay), is around 3ms, which would not have any significant performance impacts. The reason is that gNB-UE relative orientation would not change too much in 3ms. For example, for a UE moving at 60km/h with linear trajectory, 3ms only means a displacement of 5 cm. For a UE rotating at 60 rounds per minutes, 3ms means an angle shift of around 1 degree. To be more intuitive, the following figure provide a comparison of L1-RSRP traces observed when beam switching signalling delay is assumed to be 0ms and 5ms, respectively. Clearly, there is no major difference.
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Figure 4 L1-RSRP traces, assuming 0ms and 5ms beam switch signalling delay, respectively 
(Simulation assumptions are provided in Appendix II. 
Figure above is a capture of one single UE randomly selected.)
Observation 4: No significant performance difference can be expected by using MAC-CE or DCI based TCI state switch.
Proposal 2: Support using one MAC CE to update TCI states for multiple CORESETs within a CC as well as across multiple CCs in a given CC list.
In Rel-15/16, multiple RRC IEs are needed to enable default beam modes, as shown in Table 1 and Table 2. More specifically, to enable default UL modes, three independent RRC IEs should be configured respectively, namely enableDefaultBeamPlForPUCCH, enableDefaultBeamPlForPUSCH0_0, enableDefaultBeamPlForSRS. To enable default DL beam, tci-PresentInDCI should be properly configured. To enable multi-CC simultaneous beam update, simultaneousTCI-CellList is needed. In Rel-17, to simplify higher layer configurations, one unified enabler can be introduced to enable the ‘common beam’ mode for selected CCs/channels, which can be treated as an integration of aforementioned RRC IEs required for enabling UL and DL default beam modes. And it can be carried via a separated RRC IE, or via a faster signalling like MAC CE.
Proposal 3: Introduce one unified enabler, e.g. by RRC or MAC CE, to configure/activate ‘common beam’ across selected CCs/channels.
According to WID [1], unified TCI concept can be introduced for DL and UL beam indication. Let us first revisit the existing beam indication framework, where TCI state is used for DL beam indication and spatial relation is used for UL beam indication. Furthermore, in Rel-16, as introduced in Section 3.1, default Tx beam mode is supported and it eventually eliminates UL beam indication signalling overhead. Therefore, as shown in Figure 1 and Figure 2, assuming that PDCCH beam is the common beam, the legacy PDCCH TCI state indication MAC CE could already be one candidate ‘unified TCI for DL and UL’. Clearly, another candidate ‘unified TCI for DL and UL’ would be the version absorbing spatial relation into TCI framework and introducing SRS resource for DL beam indication. However, an applicable scenario and potential gain for the latter is not immediately clear. Even worse, it might bring excessive overhead from UE-specific SRS-BM and unjustified management complexity at UE. 
Observation 5:  SRS resource may not be a suitable anchor for providing/updating the common beam for data and control transmission/reception for DL and UL.
[bookmark: _GoBack]Proposal 4: Further discuss and clarify benefits of using SRS resource(s) for DL beam indication in term of “unified TCI” framework.
Unify DL and UL default modes
It is also noted that, in Rel-15/16, the reference RS resources for DL and UL default beams are not always aligned, which may cause ambiguities on UE implementation of the common beam. The next table shows the differences in spec between the supported DL default beam and UL default beam. One major difference is that for default PDSCH Rx beam, the TCI state of a monitored CORESET with the lowest index or a scheduling CORESET is assumed, while for default PUCCH/PUSCH Tx beam, UE should refer to TCI state of a configured CORESET with the lowest index. 
Table 3 PDSCH default beam and PUCCH/PUSCH default beam in Rel-15/16
	Default mode
	Spec details

	PDSCH default beam
	…the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.

	
	…the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL if applicable, where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission.

	PUCCH default beam
	…a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.

	SRS default beam, also the default beam for PUSCH scheduled with DCI containing SRI
	…according to the spatial relation, if applicable, with a reference to the RS with 'QCL-TypeD' corresponding to the QCL assumption of the CORESET with the lowest controlResourceSetId in the active DL BWP in the CC.



Observation 6: In Rel-15/16 default beam methods, DL default beam and UL default beam are not always aligned. 
According to the high-level principle to support a common beam for DL/UL for ease of beam management and indication, in Rel-17, the reference RS resources for DL and UL default beams should be aligned, which is also beneficial to avoid frequent beam switch. For example, the spatial setting of the latest monitored CORESET can be the anchor, since UE always need to receive and to decode PDCCH to obtain the scheduling information. If multiple CORESETs are monitored, Rel-15/16 mechanism of referring to the CORESET with lowest ID can be reused. Therefore, we have the following proposal.
Proposal 5: In Rel-17, when PDCCH beam is used as the common beam for both DL and UL, UE should refer to the TCI state of the latest monitored CORESET.
Extension of support for other implementation scenarios
Till now, the discussion on the common beam scheme is based on the assumption that only one beam is used for DL/UL control/data transmissions. However, boarder range of application scenarios will be studied in Rel-17 according to the WID [1], including multiple UE panels, MTRP, inter-cell and HST, etc. Clearly, when UE is assumed to operate in a multi-connected fusion, a single beam indication is not enough. For example, for multi-panel UE, we may need to have separated common beam per UE panel for UL and DL transmission, especially for UE supporting simultaneous multi-panel reception but is not able to operate with simultaneous multi-panel transmitting. Another example, the design of common beam scheme for MTRP may require to take one common beam per TRP into account.
Observation 7: More than one common beams are needed, at least in DL data channel, for UEs operating with multiple panels simultaneously, and/or in MTRP mode.
Proposal 6: To enable multi-TRP and multi-panel based DL data and control reception, support default Tx beams and PL-RS by common beams (i.e. plural beams), at least for intra-band CA.

UL fast panel selection
UL beam selection for UEs equipped with multiple panels has been discussed in Rel-16 extensively, but no conclusion can be drawn in the end and no consensus can be reached. Motivated by compensating the coverage loss caused by MPE, it is again an important objective in Rel-17 FeMIMO WID. 
UE panel assumptions
In Rel-16, satisfying many different requirements for different types of UEs simultaneously was proven to be difficult in RAN1. In Rel-17, to avoid diverse discussion, basic UE assumptions may be agreed firstly and then RAN1 can discuss and design associated UL panel selection mechanisms. For example, one agreed UE assumption from Rel-16 is to assume that multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission. In Rel-17, it can be more precise in terms of design target so that only single panel can be used for UL transmission but multi-panel can be used simultaneously for DL transmission (as listed in MTRP objectives in WID). Moreover the following assumptions may need to be considered as well.
1. No dedicated DL panels and UL panels
A certain type of UEs may have panels only equipped with transmit circuit for UL or panels only equipped with receiving circuit for DL. Support of this type of UEs should be at least deprioritized in Rel-17. Otherwise, the enhancements on panel management should consider DL panel management and UL panel management, separately.
2. No beam correspondence across different UE panels
Assuming that panels are located at different positions, for example, back-to-back, UE may not be able to determine its Tx beam on one panel for uplink transmission based on downlink measurement on the other panel, and vice versa, even it could do so for the same panel. To address this issue, for example, associations between DL beams on one panel and UL beams on the other panel need to be trained, maintained at UE side and even to be reported to the network.
3. The maximum number of active panels is smaller than the number of panels equipped 
It is noted that some commercial FR2 UEs are equipped with more than 2 panels but still only have 2T2R MIMO capability. It is understandable since selecting 1 best panel out of 3 or 4 panels would naturally outperform selecting 1 best panel out of 2 panels. The next figure provides simulation results to prove that by selecting 1 out of 3 panels, there is a probability of 15% to gain additional 3dB than selecting 1 out of 2 panels. And this probability increases to 27% if selecting the best from 4 panels. This panel implementation assumption would better motivate the necessity of panel selection.
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Figure 5 Probability to obtain relative X-dB RSRP gain by selecting one panel out of 3 and 4 panels over selecting one panel out of 2 panels (Simulation assumptions are provided in Appendix II)
It can be beneficial for RAN1 progress and discussion if starting from agreed but limited UE assumptions. Scenarios and UE implementations beyond those assumptions can be with a lower priority in Rel-17.
Proposal 7: For Rel-17 UL panel selection, UE implementation assumptions may be clarified firstly, including no dedicated DL/UL panels, no beam correspondence across panels and the maximum number of active panels is smaller than the number of panels equipped.

UE panel management
In our views, UE multi-panel management at least consists of following procedures:
· Panel indication
· Panel status (ON/OFF/can be used for transmission) synchronization between NW and UE
· Panel-specific beam measurement and panel information report
· Panel-specific timing adjustment and power control
In Rel-16, signalling support to enable UE multi-panel management was discussed intensively. For example, on panel indication, there were discussions on down-selection among UE autonomous panel selection without any signalling, the implicit (i.e., via managing SRS resource/resource set ID) and explicit method (i.e., via introducing new panel ID). UE autonomous panel selection may cause the serious beam misalignment issue between NW and UE. As indicated in the figure below, up to 4.6 dB average RSRP loss can be observed if gNB still uses the same Tx beam to serve UE after UE panel switching, which suggests that the risk of UE autonomous panel selection without gNB control or awareness cannot be neglected, since it is highly possible that the gNB has to adapt its Tx/Rx analog beamforming to be able to communicate with different UE active panels.
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Figure 6 Average RSRP loss due to autonomous UE panel selection 
(2-panel UEs are assumed. RSRP loss = RSRP observed at best UE panel – RSRP observed at the other UE panel. Averaging is among all UEs simulated. Other simulation assumptions are provided in Appendix II, while LOS and NLOS are simulated via manually setting LOS probability specified in TR 38.901 in to 1 and 0 respectively)
The drawbacks and complexities of the implicit method via SRS resource/resource set ID were also understood in RAN1, for example, the difficulties in handling UE without any BM SRS resources configured, complicated ‘chain-rule’ relationship as seen in current QCL and SpatialRealtion indication mechanisms, etc. In Rel-17, the panel indication will be involved in the design of the ‘unified TCI framework’. To be more specific, as the PDCCH TCI state indication can be the candidate of unified TCI for DL/UL beam indication with the help of the common beam design, as stated in Section 3.2.1, a group of TCI states can be linked to a UE panel and the group ID can be seen as virtual panel indication, which is a similar concept as that in Rel-16 a CORESETPoolIndex can be seen as a virtual TRP ID.
Proposal 8: Virtual panel indication based on ‘unified TCI framework’ should be supported in Rel-17.
In addition to panel indication from gNB to guide UE Tx/Rx panel selection, the following improvements are also critical for an efficient panel management. 
1. Panel status alignment between gNB and UE
UE may turn off its panels for power-saving purpose and 2-3ms (values from Rel-15/16) is needed to activate a panel. Meanwhile, UE may turn off its panels due to MPE issues to control its emission. It could be problematic if the status of UE panel is not unknown at gNB side.  The gNB may make wrong scheduling decisions based on mismatched information, for example, indicating a deactivated UE panel for transmission and reception. How to sync the panel status can be left to detailed design, for example, via beam reporting, RACH procedure or BFR procedure.
2. Panel-level timing adjustment and power control
To cover transmission over all directions, UE panels are arranged in different places on the device with different orientations. The propagation paths between a gNB panel and UE panels can be even more different in a NLOS than that in a LOS. Therefore dedicated panel management procedure should consider different path losses and delays observed at different UE panels. 
Proposal 9: UE panel management should consider at least, e.g. panel status alignment between gNB and UE, panel-level timing adjustment, and panel-specific power control.

Intra-cell and inter-cell Mobility
In NR, mobility procedures are handled at L3 level, using e.g. handover commands. HO commands are RRC reconfiguration messages with higher-layer parameter reconfigurationWithSync carrying the target cell’s configuration. HO procedures require the UE to perform Random Access with the target cell, synchronize at the physical layer with the target cell, acquire critical system information such as MIB and SIB1 and use the new C-RNTI to receive downlink channels from the target cell. Typical HO procedures may also reconfigure the UE to use other UE-specific information such as DL/UL BWPs, CORESETs, Search Space sets, NZP-CSI-RS resources, etc. The first technical issue that we face with L1/L2-centric inter-cell mobility is that of signalling overhead: simply transferring the content of the HO command to L1/L2 is not a technically viable solution as MAC-CE commands were designed to carry small payloads.
Observation 8: It is not feasible to transfer all HO command payload to MAC-CE commands for the purpose of inter-cell mobility.
The MIMO WID specifically outlines the design of a L1/L2-centric mobility framework to facilitate efficient DL/UL beam management for both intra-cell and inter-cell mobility. The goal of this MIMO WID is to phase out RRC-based mobility procedures and instead rely on L1/L2-centric mobility procedures. Taking as an example the DAPS-HO solution that has been adopted in Rel-16: the UE holds two serving cell configurations (source and target respectively) and performs simultaneous DL reception for the duration of the HO. Given that the emphasis is on having an L1/L2-centric design, this raises many questions that we need to address: is a UE expected to hold multiple serving cell configurations during L1/L2-centric mobility? Is interruption-free mobility experience the main goal of L1/L2-centric mobility solutions? Is the UE expected to perform Random Access or Timing Advance updates as part of L1/L2-centric mobility? How is the target cell expected to know when the UE is ready to receive DL data transmissions? These are some of the issues that will have to be addressed as we design an efficient and interruption-free L1/L2-centric mobility solution.  In our view, the only way to make tangible progress on inter-cell mobility in the context of this WID is if the UE is allowed keep its serving cell configuration throughout these L1/L2-centric mobility procedures and simply change/update certain fields as the UE moves from one cell to another. Given the numerous questions that an inter-cell mobility solution would have to address, our view is that we should focus on the technical issues we need to solve before we move forward with developing an L1/L2-centric mobility solution.
Observation 9: L1/L2-centric mobility solutions need to address a myriad of issues, e.g. reducing interruption time, dealing with random access, informing the target cell that the UE is ready to receive data transmissions.
In light of the technical issues relating to inter-cell mobility that we have explained above, the case for developing solutions to facilitate higher intra-cell mobility is much clearer in the sense that beam management mechanisms and procedures are already in place to allow the network to manage intra-cell mobility. NR Rel-17 should introduce enhancements to develop L1/L2-centric solutions to enable higher intra-cell mobility. Some of the enhancements that can be applied for intra-cell mobility have already been described in Sections 3 and 4. Other enhancements that can be considered as part of improving intra-cell mobility are listed below:
· Multiple UE panels incorporated with common beam design: The assumption of a single common beam for DL and UL transmission may not be sufficient in certain scenarios. For scenarios where a multi-panel UE is assumed to operate in multi-connected fashion, multiple common DL/UL beams can be used.
· Power consumption management in M-TRP operation: The usage of M-DCI M-TRP is based on the configuration of different CORESETs using different values of CORESETPoolIndex. In order to manage PDCCH blind detection complexity at the UE, the NW can activate/deactivate specific CORESETs and Search Spaces using L1/L2-centric solutions.
· Beam Failure Recovery in multi-panel/M-TRP operation: A multi-panel UE using multiple common DL/UL beams would need to perform BFR operation for each panel independently. Similarly, if a UE is configured with M-DCI M-TRP with multi-beam operation, the UE may need to perform BFR for each TRP independently.
Therefore, we have the following proposal.
Proposal 10: Prioritize the support of intra-cell mobility using L1/L2-centric solutions to enable/improve common beam operation for DL/UL intra-band CA and unified TCI framework used for multi-panel/M-TRP implementation scenario. 

Summary of proposals
The observations and proposals of this paper are summarized as follows. 
Evaluation methodology and assumptions
Observation 1: Evaluating inter-cell mobility requires proper modelling of cross-cell movement trajectory together with spatial consistency.
Observation 2: It would be better to check with RAN2/RAN4 on the typical arrangement (RS overhead, beamforming strategy at gNB/UE, reporting periodicity), triggering condition (criteria, thresholds), and benchmark performance (existence of service interruption, duration) of RRM-based L3 HO. 

Common beam and Unified TCI framework
Observation 3: QCL TypeD RS resource in a TCI state of a CORESET can provide the ‘common beam’ for PDCCH/PDSCH/PUCCH/PUSCH for intra-band CA in Rel-15/Rel-16.
Observation 4: No significant performance difference can be expected by using MAC-CE or DCI based TCI state switch.
Observation 5:  SRS resource may not be a suitable anchor for providing/updating the common beam for data and control transmission/reception for DL and UL.
Observation 6: In Rel-15/16 default beam methods, DL default beam and UL default beam are not always aligned. 
Observation 7: More than one common beams are needed, at least in DL data channel, for UEs operating with multiple panels simultaneously, and/or in MTRP mode.
Proposal 1:  QCL TypeD RS resource in a TCI state of a CORESET can be the source of common beam indication, for data and control transmission/reception for DL and UL, especially for intra-band CA.
Proposal 2: Support using one MAC CE to update TCI states for multiple CORESETs within a CC as well as across multiple CCs in a given CC list.
Proposal 3: Introduce one unified enabler, e.g. by RRC or MAC CE, to configure/activate ‘common beam’ across selected CCs/channels.
Proposal 4: Further discuss and clarify benefits of using SRS resource(s) for DL beam indication in term of “unified TCI” framework.
Proposal 5: In Rel-17, when PDCCH beam is used as the common beam for both DL and UL, UE should refer to the TCI state of the latest monitored CORESET.
Proposal 6: To enable multi-TRP and multi-panel based DL data and control reception, support default Tx beams and PL-RS by common beams (i.e. plural beams), at least for intra-band CA.

UE panel selection 
Proposal 7: For Rel-17 UL panel selection, UE implementation assumptions may be clarified firstly, including no dedicated DL/UL panels, no beam correspondence across panels and the maximum number of active panels is smaller than the number of panels equipped.
Proposal 8: Virtual panel indication based on ‘unified TCI framework’ should be supported in Rel-17.
Proposal 9: UE panel management should consider at least, e.g. panel status alignment between gNB and UE, panel-level timing adjustment, and panel-specific power control.

Mobility
Observation 8: It is not feasible to transfer all HO command payload to MAC-CE commands for the purpose of inter-cell mobility.
Observation 9: L1/L2-centric mobility solutions need to address a myriad of issues, e.g. reducing interruption time, dealing with random access, informing the target cell that the UE is ready to receive data transmissions.
Proposal 10: Prioritize the support of intra-cell mobility using L1/L2-centric solutions to enable/improve common beam operation for DL/UL intra-band CA and unified TCI framework used for multi-panel/M-TRP implementation scenario. 

References
[bookmark: _Ref503361205][bookmark: _Ref525895623][bookmark: _Ref528050952][bookmark: _Ref525895749]RP-193133, “New WID: Further enhancements on MIMO for NR”, Sitges, Spain, December 9-12, 2019

Appendix I Email discussion on EVM: Phase 2 - FeMIMO EVM Item 1 – final.docx
Baseline assumptions for item 1 EVM – interim proposal up to version 16
Proposal 1: SLS is the baseline tool for evaluation.
· Two separate SLS EVMs are used for: 1) intra-cell mobility scenarios, 2) MPE mitigation (UL coverage loss due to meeting MPE regulation) and multi-panel UE
· Note: Baseline is interpreted as follows: when simulation is needed and/or justified, the agreed baseline constitutes the required minimum to be simulated

Proposal 2: The simulation assumptions are given below. Items that are the same as what has been agreed in Rel.16 are in green 

Table 3 Baseline assumptions for SLS: common for intra-cell mobility and MPE/MP-UE
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz,
· SCS: 120 kHz
· BW: 80 MHz

	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)

	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
Companies to explain TXRU weights mapping.
Companies to explain beam selection.
Companies to explain number of BS beams

	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 
Companies to explain TXRU weights mapping.
Companies to explain beam and panel selection.
Companies to explain number of UE beams

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

	Beam correspondence
	Companies to explain beam correspondence assumptions (in accordance to the two types agreed in RAN4)

	Link adaptation
	Based on CSI-RS

	Traffic Model
	Full buffer

	Inter-panel calibration for UE
	Ideal, non-ideal following 38.802 (optional) – Explain any errors

	Control and RS overhead
	Companies report details of the assumptions 

	Control channel decoding
	Ideal or Non-ideal (Companies explain how it is modelled)

	UE receiver type
	MMSE-IRC as the baseline, other advanced receiver is not precluded

	BF scheme
	Companies explain what scheme is used

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	Other simulation assumptions
	Companies to explain serving TRP selection
Companies to explain scheduling algorithm

	Algorithm details (when applicable)
	Companies to report:
· Beam reporting mechanism
· Beam metric L1-RSRP; L1-SINR is optional
· Number of active panels



Table 4 Baseline assumptions for SLS: Intra-cell mobility scenarios
	Parameters
	Values

	Scenarios
	High speed @FR2:
· Dense Urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site), 100% outdoor
· 2 UEs are dropped for each of the 7 sites (see mobility description below)
· High speed train (TR 38.802/38.913) @FR2
· Companies explain the number of dropped UEs 

	UE Speed
	For Dense Urban:  60 km/hr and 120 km/hr  
For HST: 256 km/hr 

	UE Mobility and trajectory handling 
	Linear trajectory, intra-cell mobility (constrained within one cell)

Dense Urban:

  

For each of the 21 cells: Two UEs (UE1 and UE2) are dropped as follows:
There are four possible starting locations P, Q, R, and S as illustrated above for the upper right sector/cell (can be extended analogously to the upper left and lower sectors/cells, see Appendix) where d=30m and x=4m.

There are two possible randomly selected trajectory lines for each of the UE1 and UE2:
· Tr1: A UE starts at either P or S, and moves along the 120-deg line downward
· Tr2: A UE starts at either R or Q, and moves along the 120-deg line upward

The two trajectories are selected such that UE1 and UE2 do not collide. 

HST (based on TS38.802/913): 


The origin (0,0) is assumed to be at RRH2 and between the 2 tracks
· Only one UE is simulated (representing one CPE in the train)
· Distance between two adjacent RRHs is drrh = 200 m
· Distance between the tracks is dtrack = 6 m
· Distance between RRH and nearest track is drrh_track = 5 m
· RRH has a bearing angle  or  where =20 degrees
· The UE starts near RRH2 and moves towards RRH5, or starts near RRH5 and moves towards RRH2
· Possible starting points are near , , ,  
· There are two possible randomly selected travel directions for the UE, each with two possible starting locations (a total of four trajectories):
· Direction 1: The UE starts near RRH2 (at either P or S) and moves on a horizontal line to the right
· Direction 2: The UE starts near RRH5 (at either R or Q) and moves on a horizontal line to the left


	Performance metrics
	· CDF of UE throughput, avg. and 5% UE throughput, cf. Appendix
· TCI state update (beam indication) signaling overhead (separate analysis from SLS)
· Beam switching latency
· RSRP distribution 



Table 5 Baseline assumptions for SLS: MPE/Multi-panel UE
	Parameters
	Values

	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
· Companies explain the number of dropped UEs 
· Indoor (TR 38.901/802)

	UE speed
	3 km/hr for indoor UEs, 30km/hr for outdoor UEs 

	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 10dB P-MPR. That is, the actual maximum TX transmit power = maximum EIRP (22dBm) – P-MPR (10dB)


	UE-side panel switching latency
	0 ms for active panels
Companies explain the assumed switching latency for inactive panels

	Performance metrics
	· CDF of UE throughput, avg. and 5% UE throughput (representing cell-edge coverage), cf. Appendix
· RSRP distribution 



Table 6 Baseline assumptions for SLS: Additional simulation assumptions for HST scenario (FR2), mainly from TR 38.802, e.g. Table A.2.1-2
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Scenario
	UMa LOS

	System BW
	80 MHz

	BS and RRH Tx Power
	30 dBm, max EIRP 69 dBm

	UE Tx Power
	21 dBm, max EIRP 43 dBm

	BS receiver Noise Figure
	7 dB

	UE receiver Noise Figure
	13 dB

	Distance between cell and nearest lane
	5m

	Inter site distance
	200m

	BS Antenna height
	2.5m

	UE Antenna height
	1.5 m

	Train penetration Loss
	38.901, sec 7.4.3.2: μ = 9 dB, σp = 5 dB

	RRH and cell association
	For intra-cell mobility simulation, all RRHs are assumed to be associated with one cell (for simplicity)




Proposal 3:  Further discuss and decide in RAN1#102-e the need for baseline EVM for inter-cell mobility and, if needed, all the pertinent details including:
· Simulation type
· Simulation parameters and scenarios
· Performance metric
· Comparison with Rel.15/16 L3-based inter-cell mobility


Appendix II Simulation assumptions used to obtain results in this paper
Table 7 Simulation assumptions used to obtain results in this paper
	[bookmark: _Hlk526726552]Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz,
· SCS: 120 kHz
· BW: 80 MHz

	Scenarios
	Dense urban (TR 38.901/38.913)

	UE Speed
	60 km/hr (for outdoor UEs, Dense Urban)

	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)

	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

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

	UE Antenna Configuration
	Number/location of Panels
· 2,3,4 Panel UEs 
Panel structure
· 1x4x2 (Baseline)
· Other panel structures optional (company to report)

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

	Link adaptation
	Based on CSI-RS

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes (other value is not precluded).
Other traffic models including the full buffer are not precluded.

	Inter-cell mobility related
	Companies to explain cell association scheme

	Control and RS overhead
	Not involved

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT

	Algorithm details (when applicable)
	Beam reporting mechanism: report beam with best RSRP
Beam metric: L1-RSRP
Number of active panels: 1

	Performance metrics (when applicable) 
	RSRP
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