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1. Introduction
The work item on Rel-17 MIMO enhancements has been specified [1]. 
FeMIMO WI from RP-193133
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. [bookmark: _Hlk31104108]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. [bookmark: _Hlk31100623]Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. [bookmark: _Hlk31100636]Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. [bookmark: _Hlk31100799]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 



[bookmark: _Hlk525732985]The WI for Rel-17 has the following key features, which will be discussed in separate sections in this contribution. 
1. Overhead and latency reduction, considering common beam for data and control for DL and UL
2. Unified TCI framework for DL and UL beam indication
3. 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
4. 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
2. Overhead and Latency Reduction
As one item in WID, the common beam for DL/UL data and control may reduce beam management latency/overhead via joint beam switching. The basic feature of common beam has been supported in current spec. In R15, PDSCH beam follows scheduling PDCCH beam if no TCI field in DCI and scheduling offset > threshold. In R16, default UL beam of PUCCH/SRS/PUSCH follows the beam of CORESET with lowest ID. Therefore, one limiting factor for the common beam switch latency is the CORESET beam switch, which is currently performed via MAC-CE with a latency of 3ms. In certain high-speed scenarios, the 3ms latency is comparable to the CORESET beam dwelling time. 
To illustrate the impact of 3ms beam switch latency, we consider the high-speed train scenario and plot the corresponding beam dwelling time in Figure 1. The beam dwelling time represents the time that UE will stay in the gNB’s beam width. Its value depends on gNB’s beam width, distance between RRH and the centre of the two tracks, and train speed. For 10 gNB’s beam width, 10m distance, and 250km/h speed, similar to that in [2], the beam dwelling time is about 27ms. It is further reduced to 12ms for 5m distance. 
[image: ]
[bookmark: _Ref525641157]Figure 1: Beam Dwelling Time for HST Scenario
To reduce beam switch latency, we propose to consider DCI based TCI state update for PDCCH, which can reduce the latency to a few slots, e.g. 2 slots (0.25ms), depending on UE beam switch latency capability. Therefore, the common beam can be more quickly switched at least for the HST scenario. In addition, the DCI based TCI state update is already supported for PDSCH. 
Proposal 1: Support DCI based beam update for PDCCH.
In R15, default PDSCH beam follows the beam of CORESET with lowest ID in latest monitored slot. The varying default PDSCH beam across slots may not be friendly for optimization: even if that CORESET beam does not yield highest SNR, the default PDSCH beam has to follow it. With the introduction of common beam, default PDSCH beam can be configured to always follow the common beam optimized by certain criterion. For low mobility UE, default PDSCH beam can follow the common beam with the best SNR, while for high mobility UE, default PDSCH beam can follow the common beam with wide beam width for better tracking. Therefore, it would be beneficial to allow default PDSCH beam to follow the common beam. In addition, the fixed default PDSCH beam per TRP is already supported in R16 single DCI based mTRP and offers gNB more flexibility for optimization.
[bookmark: _Hlk31121764]Proposal 2: Support including default PDSCH beam in the common beam.
For UEs in close proximity, a common beam can be selected for them to save beam management latency/overhead. In addition, in IIOT scenario, a UE may not need large bandwidth. It would be more efficient to group UEs that can be served by a wider common beam and FDM them, instead of individual UE-specific narrower beams but with more symbols. The common beam can be updated via a group common DCI for a UE group. The beam measurement & report can be done by one UE in the group. gNB can learn the UEs sharing the same group via positioning report or UE feedback of group formation, e.g. UEs installed on the same moving object, e.g. car/train/robot, can inform gNB that a common beam can be selected for them. 
Proposal 3: Support a common beam selected for a group of UEs.
In R16, PL RS can be updated by MAC-CE for an SRI associated with PUSCH or for an SRS resource set in each CC. In addition, the same spatial relation info can be activated for an SRS resource ID across CCs sharing the same UE analog beam. To further reduce the PL RS activation latency/overhead, the same activated PL RS ID can also be applied to the same resource/resource set ID across CCs. This can fully exploit the property of common UE analog beam across CCs.
Proposal 4: Support simultaneous pathloss RS activation across multiple CCs.
In R16, the maximum number of SRS resource sets is 16 per BWP, and UE maintains up to 4 PL RS for PUSCH/PUCCH/SRS per serving cell, except for positioning SRS. Therefore, multiple SRS resource sets may share the same PL RS. To save latency/overhead, the same activated PL RS can be applied to multiple SRS resource sets. The same saving has been considered in PL RS activation for PUSCH by MAC-CE, where the same activated PL RS can be applied to multiple SRIs.
Proposal 5: Support simultaneous pathloss RS activation for multiple SRS resource sets.
[bookmark: _GoBack]In R16, default UL beam is introduced to save UL beam switch latency/overhead. The default beam for SRS or PUCCH without configured spatial relation will follow the beam of CORESET with lowest ID. It would be beneficial to extend this feature at least to multi-DCI based mTRP, where the default beam for SRS or PUCCH will follow the beam of CORESET with lowest ID among the CORESETs with same CORESETPoolIndex as the one scheduling the SRS or PUCCH. 
Proposal 6: Support to extend default UL beam to mTRP scenario.
3. [bookmark: _Hlk20502450]Unified TCI Framework
In R16, the new PL RS is indicated by a MAC-CE separate from the beam switch signalling for SP/AP SRS and PUSCH. To save latency/overhead, each configured UL TCI state can contain both spatial RS and PL RS. Therefore, through the indicated UL TCI state, UE can know both UL beam and PL RS for the corresponding UL Tx. 
Proposal 7: Configured UL TCI state can indicate both spatial RS and PL RS.
In R15, for CB/NCB based PUSCH, UE needs to transmit SRS before the PUSCH scheduling DCI to determine the TPMI/TRI/SRI. Without major change of legacy behaviour, SRS transmission prior to the scheduling DCI should be preserved, and the determined TPMI/TRI/SRI can be indicated in or together with the UL TCI state in the scheduling DCI.
Proposal 8: For CB/NCB based PUSCH, scheduling DCI should indicate corresponding TPMI/TRI/SRI in or together with the UL TCI state.
In R15, MAC-CE can select spatial relation info for PUCCH and SP/AP SRS resource. Similar mechanism can be extended to UL TCI state. In addition, MAC-CE can also be allowed to update UL TCI state for P SRS to save RRC reconfiguration latency. 
Proposal 9: MAC-CE can select/activate UL TCI state for PUCCH and P/SP/AP SRS resource.
In R15, the DCI scheduling PDSCH will indicate corresponding TCI codepoint activated by MAC-CE. Similar mechanism can be extended to UL TCI state. MAC-CE can activate a subset of configured UL TCI states, and the scheduling DCI can further indicate corresponding UL TCI codepoint to save DCI overhead. 
Proposal 10: For PUSCH scheduled by DCI, MAC-CE can activate a subset of configured UL TCI states, and the scheduling DCI can indicate corresponding UL TCI codepoint.
In R16, to save UL beam switch latency/overhead, default UL beam has been introduced when spatial relation is not configured.  The same default UL beam rule can be applied to UL transmissions without indicated UL TCI state.
Proposal 11: Default UL beam defined when spatial relation is not configured can be reused for the case when UL TCI is not indicated.
For UE supporting UL TCI state, gNB should only enable either UL TCI state or spatial relation for the UL beam indication. This will reduce signalling complexity as well as UE memory to store both configured UL TCI states and spatial relations. 
Proposal 12: gNB should enable either UL TCI state or spatial relation for UL beam indication.
4. L1/L2-Centric Intra- and Inter-Cell Mobility
For L1/L2 based intra-cell mobility, TRPs are in the same serving cell and share same PCI and SSB ID space, e.g. total SSBs are split among TRPs in the same serving cell. In R16, each serving cell belongs to a single TAG. However, for the intra-cell mobility in R17, TRPs in the same serving cell can be widely separated with different propagation delays to the UE. When UE switches the TRP, gNB may have to trigger PDCCH order for TA update on the new TRP. This may increase TRP switching latency and overhead.


Figure 2: Multiple TAGs per Serving Cell in Intra-Cell Mobility



Figure 3: TCI State with QCL Source as SSB from Non-Serving PCI
To improve intra-cell TRP switching latency, each serving cell can have more than one TAG. For example, the subset of SSBs transmitted by each TRP can be associated with one TAG with corresponding TA continuously updated by PDCCH order. If UE is switched to the beams QCLed with SSB(s) in a new TAG, UE will directly apply the corresponding TA updated by PDCCH order before the beam switch. This is illustrated in Figure 2, where UE switches from SSB 4 on TRP 1 to SSB 6 on TRP 2, and UE directly applies the latest TA for TRP 2 updated before the beam switch. In this way, impact on traffic latency can be reduced. Therefore, we have the following proposal:
Proposal 13: For L1/L2 intra-cell mobility, support multiple TAGs per serving cell.
· Each TAG can correspond to one or more TRPs with similar propagation delay to the UE.

In inter-cell mobility, each serving cell can have single or multiple TRPs sharing same PCI, which is unique per serving cell as in R16. To facilitate fast beam switching across different cells, TCI state of a serving cell can be QCLed with SSB from a neighbour non-serving cell, in addition to SSB from the serving cell. The SSB from neighbour non-serving cell is only for beam indication purpose. In this way, cell switching can be implicitly achieved by indicating the TCI state QCLed with SSB from different cells. This is illustrated in Figure 3, where UE can be indicated with TCI state QCLed with SSB from its own serving cell with PCI 0, or with SSB from a neighbour non-serving cell with PCI 3 or 4. Moreover, the concept of QCL source from non-serving cell has been adopted in R16 Positioning. 
[bookmark: _Hlk47704748]Proposal 14: For L1/L2 inter-cell mobility, support TCI state with QCL source as SSB from non-serving PCI.
For inter-cell mobility, one important aspect is the mobility of PCell, which provides basic cell functions including RACH, PUCCH, paging, system info, RLM, etc. UE’s mobility area will be significantly limited if the PCell cannot be moved around. In R16, PCell is changed in RRC level. To truly realize L1/L2 based inter-cell mobility, serving cells including PCell should be dynamically selected/deselected via L1/L2 signalling. A general example is illustrated in Figure 4, where a set of cells, e.g. Cell 1-8, are pre-configured at UE for L1 measurement, based on which a subset of pre-configured cells, e.g. Cell 2-4, are dynamically activated by L1/L2 signalling to serve the UE, and one activated cell can function as the PCell. In this way, L1/L2 based inter-cell mobility can potentially offer a large area for UE mobility. 
Proposal 15: For L1/L2 inter-cell mobility, support L1/L2 based selection of serving cell(s), including PCell.
Proposal 16: For L1/L2 inter-cell mobility, a set of candidate serving cells can be pre-configured for L1 measurement, based on which a subset of pre-configured cells can be dynamically activated by L1/L2.


Figure 4: L1/L2 Based Active Cell Set Selection from Configured Cell Set
In L1/L2 based inter-cell mobility, candidate cells or PCIs can be widely separated with different propagation delays to the UE and, hence, UE may have different TAs to them. Upon a new cell or PCI is selected, gNB may have to update the corresponding TA, e.g. via PDCCH order. To reduce the cell or PCI switching latency, the TA can be periodically maintained per candidate non-serving cell or PCI before they are selected to serve the UE. Once UE is switched to a new cell or PCI, UE can directly apply the corresponding latest TA updated before the switching.
Proposal 17: Support updating timing advance for non-serving cell or PCI.
5. UL Beam Selection Considering MPE
Due to the RF exposure issues, a UE cannot transmit with very high power towards a nearby human body. RAN4 has introduced during Rel-15 in the specification to enable the UE to comply with regulatory maximum permittable exposure (MPE) limits, one is P-MPR, the other is maxUplinkDutyCycle capability. When suffering from the MPE issue, the transmit power may be significantly reduced and, hence, may result in large performance degradation or even link failure in uplink transmissions. However, the MPE issue is highly directional in FR2. This means, for a certain UL beam, it may point towards a human body, and have potentially high P-MPR, while for some other uplink beams which may not point towards a human body, they can have low P-MPR. Thus, the MPE issue can be UL beam specific and can be effectively alleviated by the UL beam management. 
Basically, the MPE issue can be solved either from the gNB side or from the UE side. From the gNB side, UL beam reporting can be considered. In R15/16, DL beam reporting is supported for UE to report the preferred DL reception beams, where the RSRP is used as the beam selection metric primarily for DL. However, the preferred beams for receiving DL transmission can be different from the preferred beams for UL channels. For example, the UL beam may suffer from the MPE issue, while the corresponding DL beam is not affected by the MPE. Thus, to maximize the UL coverage while maintaining DL performance, it is beneficial for UE to report CRI/SSBRI for preferred UL and DL beams, respectively. To achieve this, gNB may configure UE to report the preferred UL beams in UL beam report, separately from the preferred DL beams in DL beam report. Via UL beam report, gNB can keep the preferred UL beams updated for UL transmission via UL TCI framework to avoid the MPE issue. 
Proposal 18: Support UE to report preferred CRI/SSBRI for DL and UL transmissions, separately.
From UE side, MPE reporting can also be triggered by UL beam failure. In general, the MPE event is difficult to be predicted at gNB or UE, and may happen in any serving cell. Once MPE happens, the serving UL beam may fail and may not be able to report the preferred DL/UL beams as scheduled by gNB. In the presence of UL beam failure, the BFR framework in R15/16 can be reused for UE to report the MPE issue via RACH or SR. Upon receiving the MPE report, gNB can rely on UL TCI framework to either use any new UL beam indicated in the report or trigger beam sweep to find new UL beam. Thus, R15/16 BFR procedure can serve as a reference for the MPE reporting procedure. For example, similar to R16 SCell BFR, MAC-CE can be used to indicate the UL beam failure in the MPE reporting, and SR may be used when there is no suitable PUSCH.  
[bookmark: _Hlk47704861]Proposal 19: Support UE to report UL beam failure due to MPE issue.
· The Rel-15/16 BFR procedure can be a reference for the MPE reporting procedure.
To enable the MPE report from the UE, it is better to clarify the report triggering condition from L1/L2 aspects. In R15/16, metrics are defined for DL BFD and new beam identification, such as hypothetical BLER and RSRP. In case of UL beam failure, it needs to clarify for a UE how to determine the serving UL beam suffers from MPE, and another UL beam is better than the serving UL beam. Specifically, the MPE report may be triggered for the serving UL beam when the power backoff is greater than a certain threshold, or the estimated UL RSRP is below a certain threshold.
[bookmark: _Hlk47704879]Proposal 20: The condition for UE to trigger MPE report should be specified.
3. Conclusion
In this contribution we discussed enhancements for Rel-17 NR FeMIMO beam management. Below are the observations and proposals
Proposal 1: Support DCI based beam update for PDCCH.
Proposal 2: Support including default PDSCH beam in the common beam.
Proposal 3: Support a common beam selected for a group of UEs.
Proposal 4: Support simultaneous pathloss RS activation across multiple CCs.
Proposal 5: Support simultaneous pathloss RS activation for multiple SRS resource sets.
Proposal 6: Support to extend default UL beam to mTRP scenario.
Proposal 7: Configured UL TCI state can indicate both spatial RS and PL RS.
Proposal 8: For CB/NCB based PUSCH, scheduling DCI should indicate corresponding TPMI/TRI/SRI in or together with the UL TCI state.
Proposal 9: MAC-CE can select/activate UL TCI state for PUCCH and P/SP/AP SRS resource.
Proposal 10: For PUSCH scheduled by DCI, MAC-CE can activate a subset of configured UL TCI states, and the scheduling DCI can indicate corresponding UL TCI codepoint.
Proposal 11: Default UL beam defined when spatial relation is not configured can be reused for the case when UL TCI is not indicated.
Proposal 12: gNB should enable either UL TCI state or spatial relation for UL beam indication.
Proposal 13: For L1/L2 intra-cell mobility, support multiple TAGs per serving cell.
· Each TAG can correspond to one or more TRPs with similar propagation delay to the UE.

Proposal 14: For L1/L2 inter-cell mobility, support TCI state with QCL source as SSB from non-serving PCI.
Proposal 15: For L1/L2 inter-cell mobility, support L1/L2 based selection of serving cell(s), including PCell.
Proposal 16: For L1/L2 inter-cell mobility, a set of candidate serving cells can be pre-configured for L1 measurement, based on which a subset of pre-configured cells can be dynamically activated by L1/L2.
Proposal 17: Support updating timing advance for non-serving cell or PCI.
Proposal 18: Support UE to report preferred CRI/SSBRI for DL and UL transmissions, separately.
Proposal 19: Support UE to report UL beam failure due to MPE issue.
· The Rel-15/16 BFR procedure can be a reference for the MPE reporting procedure.
Proposal 20: The condition for UE to trigger MPE report should be specified.
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