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1	Introduction
Beam management solutions were standardized in Release-15. These solutions were designed to support UEs with directional antennas. The solutions included transmission of beam indications to the UE, reporting of L1-RSRP based on CSI-RS and SS/PBCH block and beam recovery solutions.
The release-16 NR eMIMO WID [1] includes improvements to beam management. In this contribution we give our view on the various parts of the multi-beam operation enhancements.
[bookmark: _Ref178064866]2	Discussion
2.1	UL beam selection improvements
DL beam selection is based on a combination of RRC and MAC CE signalling. RRC is used to configure a set of RSs, and MAC CE is used to select among the configured ones. Through the use of this combination, RRC signalling can be avoided when the UE only moves within a cell: RRC is not needed to handle intra-cell mobility. With this, it is possible to avoid the associated delays and overhead. It also lends itself to a distributed implementation of the radio protocols.
For UL beam selection, however, the situation is different. The ability to use MAC CE to select among a larger set of configured RSs is rather limited. Only by relying on a dummy SP-SRS, a similar level of flexibility can be achieved. However, relying on such a dummy SP-SRS consumes resources without any benefit.
2.1.1	Increased flexibility to control PUCCH spatial relation
A PUCCH can be RRC configured with up to 8 spatial relations. One such spatial relation can be either an SRS or a DL reference signal, either a CSI-RS or an SSB. Typically, more than 8 DL signals, e.g., SSBs, will be used to cover one cell. If these DL signals are used as spatial references, RRC reconfiguration will be needed as the UE moves across the cell. 
[bookmark: _Toc524963227][bookmark: _Toc525901423]Increase the maximum number of configured spatial relations for PUCCH to 64.
2.1.2	Increased flexibility to control PUSCH spatial relation
PUSCH spatial relations are controlled indirectly, via an SRS. Controlling the spatial relation of PUSCH thus means controlling the spatial relation of an SRS.
For semi-persistent SRS, it is possible to update the spatial relation using MAC CE. The same level of flexibility should exist for other types of SRS. Hence, we propose
[bookmark: _Ref524952129][bookmark: _Toc524963228][bookmark: _Toc525901424]Introduce the possibility to configure a list of spatial relations for SRS resources, which are subsequently activated or indicated before they are used.
Proposal 2 is essentially a counterpart to the TCI state handling in DL.
When the spatial relation of one SRS is another SRS, the situation is even more complicated. This is an important use case: the NW would trigger several SRSs in the UL to improve the UL Tx beam selection the UE has made using DL RSs. A configuration of this setup is depicted in Figure 1.
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[bookmark: _Ref524960798]Figure 1: A configuration for SRS sweep. Note that the relation between SRS resource set 1 and 2 is configured using RRC unless SRS resource set 1 is semi-persistent.
What makes the configuration in Figure 1 heavy-weight is the configuration between SRS resource set 1 and 2. When SRS resources set 1 is periodic or aperiodic, the spatial relation between resource set 1 and 2 is configured using RRC. Only when SRS resource set 1 is semi-persistent, the relation can be updated using MAC CE. This requires that SRS resource 2 is either semi-persistent or periodic [6]. 
[bookmark: _Toc524963226][bookmark: _Toc525901410]The signaling mechanisms for SRS-SRS spatial relations is heavy-weight for many desirable configurations.
The restrictions on the configuration of spatial relations for the SRSs are severe. In particular, it makes it impossible to use aperiodic SRS to determine a suitable UL Tx beam for the PUSCH without RRC involvement. Hence we propose
[bookmark: _Ref524961491][bookmark: _Toc524963229][bookmark: _Toc525901425]Support updating PUSCH spatial relation without RRC involvement. 
We note there are several ways to support Proposal 3.
2.2	DL beam selection improvements
2.2.1 	The Rel-15 framework for DL beam management
The Rel-15 framework for beam management is based on the framework of spatial QCL assumptions and spatial relations in order to support e.g. analog beamforming implementations at the UE and/or the network (NW). The framework allows great flexibility for the network to instruct the UE to receive signals from several directions and to transmit signals in several directions.
Downlink beam management is performed by conveying QCL associations to the UE, particularly the spatial QCL is of relevance here (‘Type D’), which are encapsulated in TCI states. One TCI state contains one or two RSs, and each RS is associated with a QCL type.  
· PDCCH beam management: The NW configures the UE with a set of PDCCH TCI states by RRC, and then activates one TCI state per CORESET using MAC CE.
· PDSCH beam management: The NW configures the UE with a set of PDSCH TCI states by RRC, and then activates up to 8 TCI states by MAC CE. After activation, the NW dynamically indicates one of these activated TCI states using a configured TCI field in the DCI (by enabling tci-PresentInDCI) when scheduling PDSCH. 
· Alternatively, the NW may simplify the beam management by not enabling tci-PresentInDCI. in which case the UE uses the same TCI state for PDSCH as for PDCCH.
· CSI-RS beam management: CSI-RSs also need QCL sources in the shape of a TCI state. The QCL source for a periodic CSI-RS has to be a periodic CSI-RS (or SSB) and is configured using RRC. The QCL source for a semi-persistent CSI-RS can be a semi-persistent CSI-RS, a periodic CSI-RS or an SSB, and is activated using MAC CE. For an aperiodic CSI-RS, the QCL source can be any CSI-RS resource, or an SSB, and is configured using RRC. 
2.2.2 Issues with the beam management signalling framework
The Rel-15 framework provides the NW with great flexibility in some areas, at the cost of quite some signalling. In some other areas, the specifications are overly restrictive and prohibits efficient (low signalling overhead) and rapid beam management. These limitations are particularly noticeable and costly when UE movement is considered. 
Furthermore, in the overwhelming majority of cases, the specified beam management flexibility is not useful: since the network will transmit to the UE in one and the same direction for both data and control. 
[bookmark: _Toc513662067][bookmark: _Toc521652807][bookmark: _Toc525041873][bookmark: _Toc525901411]In the most common deployment scenario, the NW will transmit all DL signals in the same direction.
In addition, the UL signals should also be transmitted in the same direction as the direction from where the DL signals arrive, i.e., supporting decoupled UL and DL transmission will be rare. Hence, we propose
[bookmark: _Toc513662069][bookmark: _Toc521652808][bookmark: _Ref525040971][bookmark: _Toc525041874][bookmark: _Toc525901426]Reduce the signalling overhead by enabling simultaneous updating of many QCL associations and spatial relations. Furthermore, ensure that RRC signalling is not required to support intra-cell mobility.
With Proposal 4, we would extend the “PDSCH follows PDCCH” to include more channels. We could for instance introduce “CSI-RS follows PDCCH”, or “PUCCH follows PDCCH”.
We also note that periodic CSI-RS requires an RRC configured QCL source. Since there are use cases where only periodic reference signals are allowed, e.g., RLM, beam failure detection, or TRS, RRC signalling may be needed to update the CSI-RS configuration in the UE. This should be avoided, and the proposed
[bookmark: _Ref525041825][bookmark: _Toc525041875][bookmark: _Toc525901427]Introduce methods to update the QCL source of periodic CSI-RS without using RRC.
As an alternative to Proposal 5, semi-persistent CSI-RS could be allowed for more purposes, e.g., RLM.
Furthermore, in most cases, the association/relation signalling is based on measurement reports from the UE: the signalling simply confirms the update identified by the UE. This property should be studied further, with the aim to further reduce signalling, while still maintaining adequate network control:
[bookmark: _Toc513662070][bookmark: _Toc521652809][bookmark: _Toc525041876][bookmark: _Toc525901428]Study ways to facilitate autonomous updates of the QCL associations in the UE.
One way to facilitate autonomous update of the QCL associations in the UE would be to configure an RS with several QCL sources. The NW would then tell the UE that the QCL properties of the target is equal to the QCL properties of all the configured QCL sources, and the UE may use the QCL properties of any combination of the sources when demodulating the target RS:
[bookmark: _Toc521652810][bookmark: _Toc525041877][bookmark: _Toc525901429]Study ways to configure several QCL sources for one RS.
One example of such a multi-source QCL configuration would be to configure one TRS with several different SSBs as QCL sources.
2.3	UL transmit beam selection for multi-panel operation
At mmW frequencies, it is likely that UEs will be equipped with multiple antenna panels pointing in different directions. Each such panel will have a significant amount of directivity.
It has been noted that this property is quite different compared to sub-6 operation, where the UE may be equipped with omni-directional antennas. It was also noted that while multi-panel UE architecture is supported in Rel-15, the beam management functionality does not explicitly take this into account and any such architecture is transparent to the gNB. Therefore, the eMIMO WID [1] explicitly defines an objective to specify UL transmit beam selection for multi-panel operation.
To understand the potential of the multi-panel transmission, it is relevant to understand under what circumstances the functionality would be beneficial. Here the propagation conditions are key. Essentially, two options are possible:
1. The UE is forced to transmit to the same TRP using the different panels. This situation is depicted in Figure 2. 
2. The UE may transmit to different TRPs using the different panels. This situation is depicted in Figure 3.     
[image: ]
[bookmark: _Ref525813676]Figure 2: The UE is forced to transmit to the same TRP using the different panels.
[image: ]
[bookmark: _Ref525813763]Figure 3: The UE may transmit to different TRPs using the different panels.
To us, it is not clear if the multi-TRP case should be discussed in the context of multi-beam enhancements, or in the context of multi-TRP solutions. Clearly, there are aspects of the multi-TRP scenario in Figure 3 that are more related to multi-TRP than to multi-beam, e.g., how UL scheduling and power control is handled.  
[bookmark: _Toc525894893][bookmark: _Toc525901412]It is not clear if multi-TRP aspects should be taken into account in the multi-beam specification work in Release-16.
The underlying idea with simultaneous transmission over multiple panels is to excite more than one propagation path when reaching the network. For this to be beneficial, the paths originating from the different panels must have similar pathloss: if the path corresponding to the second strongest panel is much weaker than the path corresponding to the strongest panel, then the performance benefit of the multi-panel transmission will be marginal.
[bookmark: _Toc525894894][bookmark: _Toc525901413]The performance benefit of multi-panel transmission depends on the ratio between the pathloss of the strongest path, and the pathloss of paths corresponding to other panels.
In our companion paper [3], we present simulation results describing the relative pathgain between the two UE panels and different TRPs.
From the results, it is clear that there may be a large difference between the pathgains to the two panels. For the investigated case, the median difference is around 10dB if the panels transmit to the same TRP, and around 6dB if the panels transmit to different TRPs. If the difference is large, the potential gain is smaller, and it becomes increasingly difficult to harvest that small gain. For instance, as soon as the UE is power-limited, using simultaneous multi-panel transmission from the UE will imply that the transmit power is reduced at the best panel to enable any transmission at all from the worst panel. It seems evident that only under rare circumstances, simultaneous UL transmission over multiple antenna panels will provide any gain.
[bookmark: _Toc525894896][bookmark: _Toc525901414]Simultaneous UL multi-panel transmission may only provide gains under rare circumstances. 
Some of the complications of UL multi-panel transmission may be avoided if simultaneous UL multi-panel transmission is not specified. As long as the transmission is only performed from one panel at a time, the power control among the two panels can be avoided. If simultaneous transmission over the two panels are avoided, there are also clear synergies with other parts of this WI: the UL beam selection enhancements described in section 2.1. Hence, we propose  
[bookmark: _Toc525901430]Do not introduce support of simultaneous transmission over multiple UE antenna panels.
2.4	Link recovery on SCell
Beam failure recovery was discussed during the Release-15 standardization. The main idea was that the UE would detect that the beams at the gNB and/or UE have been mis-aligned, implying that the NW would be unable to reach the UE. In this situation, the UE would search for a new RS, which fulfils a certain criterion. If such an RS is found, the UE would use that RS as a reference to perform contention free or contention-based random access to the cell. The NW would then proceed to re-establish connection with the UE using the properties of the random access procedure. In the specification [5], this procedure is known as link recovery. 
Clearly, link recovery resembles radio link monitoring and RRC re-establishment. The main difference is that link recovery is faster: since there is no need to update the RRC parameters, the overhead associated with the procedure is smaller, which means that link recovery can be triggered earlier.
Another point to note is that although link failure recovery is much faster than the RRC re-establishment that follows after radio link failure, the procedure is not extremely fast: once a UE moves out of coverage, it will take ~150ms before the UE has completed a (potentially successful) link recovery:
[bookmark: _Toc525901415]Completing link recovery takes around 150ms, from the time when the beam is lost, until a new beam is operational.
More details on the derivation of this latency can be found in [4]. Note that this is not an issue of configuration but follows from the properties of the channel and the RAN4 requirements related to the estimation at low SINR.
Link recovery on SCells was briefly discussed in Release-15. In RAN1#92, the following agreement was reached:
Agreement:
In Rel-15, additionally support BFR on SCell
· Number of SCells BFR needs to be supported on is 1
· UE is not mandated to support BFR on SCell 
· Note: There is no additional RAN1 specification impact for BFR on SCell. 

In the end, link recovery was not specified in Release-15, due to lack of time. One of the objectives of the NR eMIMO WID [1] is therefore
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
2.4.1	Link failure detection
In CA, the UE can be configured with many SCells. The RRC specification [9] supports up to 31 SCells, and it is quite likely that many SCells will be deployed, already early. For link recovery to be a useful feature, it is important that it is possible to monitor the quality of all configured SCells: it is not possible to select a subset of the SCells to monitor. Hence, we propose:
[bookmark: _Ref524682392][bookmark: _Toc524704642][bookmark: _Toc525901431]A UE can be configured to perform link recovery on all configured SCells.
Apart from Proposal 9, the link failure detection procedure can be re-used from the SpCell procedure. Of course, to perform link failure detection on an SCell, a periodic reference signal needs to be transmitted on that SCell, which is not the typical case.
2.4.2	Recovering from link failure
As part of the discussion during the Release-15 standardization, RAN2 identified the following broad solutions of BFR on SCell: [2]
1. CFRA BFR on SCell UL and SCell DL. The CORESET-BFR for BFR response monitoring should be configured in USS.
2. CFRA BFR on SCell UL and PCell DL, using the same CORESET-BFR as BFR on SpCell.
3. CFRA BFR on PCell UL and PCell DL, using same resources as BFR on SpCell but different preambles.
4. MAC CE transmission on PCell to indicate the new beams.
Other options were not excluded.
Assuming that all SCells are deployed in FR2, there are still several deployment options for carrier aggregation, depending on if the SpCell is in FR1, and if the SCells have both UL and DL. We note that not all the solutions proposed by RAN2 will work for all these deployment cases:
[bookmark: _Toc525901416]Solutions 1 and 2 will not work for cases where the SCell does not have any UL.
This essentially leaves solutions 3 and 4. As shown in [4], solution 3 requires that a significant amount of resources is reserved on all carriers. It was also shown in [4] that solutions 3 and 4 have similar latencies: which one is better depends on the configurations of the system. Since solutions 1 and 2 cannot be used when the SCell does not have any UL, and solution 3 requires resources on all SCells without bringing any benefits, we propose:
[bookmark: _Toc524704643][bookmark: _Toc525901432]Adopt MAC CE indication over the SpCell to support link failure recovery on the SCell.
2.5	Measurement reporting based on either L1-RSRQ or L1-SINR
In NR Release 15, it is specified that L1-RSRP should be reported for the N beams with the highest L1-RSRP where N is a configurable number between 1 and 4. In order for it to be meaningful to specify the possibility to instead measure and report L1-RSRQ for the N beams with the highest L1-RSRQ or measure and report L1-SINR for the N beams with highest L1-SINR, we note that this should result in that the reported beams are at least partly different than in the L1-RSRP case and/or that the reported measurement value(s) provide(s) additional information that is useful for the NW. 
In our understanding, we should only use the measurements already present in [7]: we do not define any new measurements:
[bookmark: _Toc525901433]The relevant measurement quantities for the Rel-16 enhancement to multi-beam transmission are those already defined in [7]
Hence, the relevant measurement quantities are
· SS-RSRQ ([7], section 5.1.3)
· CSI-RSRQ ([7], section 5.1.4)
· SS-SINR ([7], section 5.1.5)
· CSI-SINR ([7], section 5.1.6)
Furthermore, the WID does not distinguish between SS/PBCH block and CSI-RS. Since the design of the beam management algorithms relies on flexible usage of the available reference signals, it is important that whichever measurement quantity it is agreed in RAN1, it should be possible to perform based on either type of reference signal. Hence, we propose
[bookmark: _Ref525899156][bookmark: _Toc525901434]Irrespective of which measurement quantity is standardized for beam management, it should be applicable to either the SS/PBCH block or CSI-RS.
Proposal 12 essentially means that we specify either {SS-RSRQ, CSI-RSRQ} or {SS-SINR, CSI-SINR}. 
2.5.1	L1-RSRQ
L1-RSRQ is L1-RSRP divided by L1-RSSI. This means that in this case the same beams will be reported as in the case where L1-RSRP is used for measurement and reporting, at least for SS-RSRQ, where the RSSI measurement is not performed per beam. CSI-RSRQ is somewhat different: here the RSSI measurement is measured over the OFDM symbol where the corresponding CSI-RS is transmitted. Thus, there is at least a theoretical possibility that the RSSI measurements are different for the different beams. 
[bookmark: _Toc525901417]SS-RSRQ measurement and reporting will result in the reporting of the same    	beams as when SS-RSRP measurement and reporting is used. CSI-RSRQ may theoretically result in that different beams are reported. 
Another way to see this is that the RSRQ measurement was designed to estimate the load in the target cell. Clearly, the cell load is independent of which beam the measurement is performed. Furthermore, we note that there may be scheduling restrictions associated with the OFDM symbols where the RSSI is measured. Clearly, this reduces the possibility to estimate the load in the target cell using the RSRQ measurement. Instead, the RSRQ measurement will be a measure of the inter-cell interference in the measurement symbols, similar to SINR. Finally, we note that for the case with scheduling restrictions and no inter-cell interference, the CSI-RSRQ measurement result will be identical for all beams: essentially CSI-RSRP divided by CSI-RSRP.
It should therefore be clarified what advantage L1-RSRQ measurement and reporting gives in comparison to L1-RSRP measurement and reporting. We therefore propose:
[bookmark: _Toc525901435]The advantages of L1-RSRQ measurement and reporting in comparison to L1-RSRP measurement and reporting should be clarified.
2.5.2 	L1-SINR
SS-SINR is SS-RSRP divided by the noise+interference. The noise and interference are estimated in the REs carrying secondary synchronization signals. CSI-SINR is CSI-RSRP divided by noise+interference, and the noise and interference are estimated in the REs carrying CSI reference signals.
L1-SINR measurement and reporting may, depending on what receiver algorithm that is used in the UE, result in that different beams are reported than in the L1-RSRP measurement and reporting case. This is for example the case for a UE that uses a receiver algorithm with inter-cell interference suppression capabilities. 
[bookmark: _Toc525901418]L1-SINR measurement and reporting may result in reporting of different 	beams than when L1-RSRP measurement and reporting is used.
It should however be evaluated how large benefits this brings. We therefore propose the following: 
[bookmark: _Toc525901436]It should be evaluated how large gain L1-SINR measurement and reporting gives in comparison to L1-RSRP measurement and reporting.
2.6	Evaluation methodology
The work on beam management in Release-15 was completed more or less without the support of any simulations. In some cases, this may have been unfortunate.
In general, there are two complications to perform simulations on beam management:
1. Since the transmission are confined to beams, simulations would in many cases have to include large scale mobility, and the RAN1 models for macro mobility are largely unproven.
2. There are several algorithm choices to be made in a beam management solution. Comparing results when the underlying algorithms are different is quite difficult.
We will discuss the subtopics of the multi-beam operation enhancements separately.
2.6.1	UL/DL beam selection with lower latency & overhead
The most important topic in the WI is to reduce the overhead and latency of the UL and DL beam selection. The Rel-15 framework for beam selection is somewhat clunky: too much signaling is required to handle even the simplest cases, e.g., for UL SRS sweeps, or the use of periodic CSI-RS. In some cases, RRC signaling is required also to handle intra-cell mobility.
The signalling load becomes a problem when the UL or DL beams need to be updated, in response to UE movement or rotation. The rate of the update depends on the UE mobility, and the deployed beam selection algorithms in the UE, as well as the type of antenna deployment at the base station. 
[bookmark: _Toc525128560][bookmark: _Toc525901419]UL/DL beam selection characteristics and performance are critically dependent on macro mobility and beam sweeping algorithms.
Furthermore, the benefits of reduced signalling are also difficult to quantify numerically, since the benefits of reduced signalling go beyond increased user plane bitrates, which are typically captured by RAN1 simulations. Thus, we propose
[bookmark: _Toc525128563][bookmark: _Toc525901437]Do not evaluate improved UL/DL beam selection using simulations.
Note that it is still important to frame proposals into realistic use cases. For instance, benefits of a certain solution should be motivated using a certain deployment and a certain antenna setup. 
2.6.2	UL transmit beam selection for multi-panel operation
UEs operating at mmW frequencies will most probably be equipped with several antenna panels. Each panel will have a large amount of directivity, and to cover the full space, these panels will be pointing in different directions. In Release-16, it has been decided to design solutions that would benefit from this antenna arrangement. To specify solutions that are beneficial in actual deployment, realistic assumptions on the UE transmitter must be made: 
[bookmark: _Toc525128558][bookmark: _Ref525299875][bookmark: _Toc525901420]A realistic model of the UE antenna and receiver is crucial to characterize solutions of UL multi-panel transmission. 
Note that this relates both to the actual antenna layout (how many panels, and their respective directions), and to what receiver architecture the UE has: how many TXRUs digital units is the UE equipped with, and how are they connected to the antenna panels? 
Since the UE antennas are directional, it is also crucial that reasonable assumptions on the UE orientation: clearly there are UE orientations that are more favourable than other:
[bookmark: _Ref525299877][bookmark: _Toc525901421]A realistic model of the UE orientation is crucial to accurately characterize UL multi-panel transmission solutions.
Based on Observation 11 and Observation 12, we propose
[bookmark: _Toc525901438]For evaluation of UL multi-panel transmission, consider using a UE antenna layout with two or four panels, and 2 TXRU. The UE orientation should be random in elevation and azimuth. 
To understand what solutions are beneficial, they should be evaluated. The benefits of multi-panel transmission at the UE is to a large extent determined by the propagation conditions from the two panels to the NW:
[bookmark: _Toc525128559][bookmark: _Toc525901422]The benefits of multi-panel transmission at the UE is to a large extent determined by the propagation conditions from the two panels to the receiving NW node.
Note that multi-TRP aspects should not be discussed in this part of the WI. Hence, it should be sufficient to study the propagation conditions from the two panels to a single gNB. As a starting point, it should be necessary to vary the actual beam sweeping algorithms at the UE. Hence, we propose 
[bookmark: _Toc525128562][bookmark: _Toc525901439]Evaluate the performance of enhanced UL multi-panel transmission using SLS without macro mobility and dynamic beam sweeping algorithms.
At a later point, the simulations may need to take into account scheduling algorithms in the NW. 
2.6.3	Link recovery on SCell
Beam failure recovery is a multi-step procedure, and its performance characterization is complex. Not only should the interrupt be minimized, the false alarm rate should also be small enough. We note that beam failure detection is quite similar to radio link monitoring, which has not been simulated in RAN1, only in RAN4. 
Since beam failure recovery is a failure, it is of course also important to understand how often it happens: if it is a rare procedure, the overhead during normal operation must not be large.
For the added functionality in Release-16, BFR on SCell, the situation becomes even more complicated: what is the CA configuration? What are the propagation properties of the PCell and SCell? 
For the above reasons, we propose
[bookmark: _Toc525128561][bookmark: _Toc525901440]Do not evaluate beam failure recovery on SCell through simulations.
Still, it is beneficial if the rough characteristics of beam failure recovery were described as part of the specification effort. E.g., how fast can beam failure recovery be triggered, realistically? Claimed gains in performance should be substantiated.
2.6.4	Beam management based on L1-RSRQ/SINR
The WID also includes a description that L1-RSRQ/SINR should be introduced as a measurement quantity for beam management. The underlying idea is that the quantity providing the “best” beam selection should be chosen.
However, it is not at all clear what it means to have the “best” beam selection. A full-fledged simulation would require specifying detailed beam sweeping algorithms and traffic scenarios.
Another point to note is that L1-RSRP is already specified. If a new measurement quantity is introduced, it should at least result in another beam selection. If a beam selection based on L1-RSRP gives the same beam selection as L1-RSRQ, why should RSRQ be introduced? 
We note that it should be possible to evaluate the relevance of beam selection by comparing RSRP, RSRQ and SINR measurements for UEs in a certain cell. The beam selection could be evaluated for different interfering scenarios:
[bookmark: _Toc525128564][bookmark: _Toc525901441]Evaluate performance of L1-RSRQ/SINR by comparing beam selection based on RSRP, RSRQ and SINR for different interference realizations.
Essentially, we would evaluate the beam selection for a number of drops, where the beam selections in surrounding cells would be fixed. If either RSRQ or SINR leads to the same beam selection, it becomes less relevant to include in the specification. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The signaling mechanisms for SRS-SRS spatial relations is heavy-weight for many desirable configurations.
Observation 2	In the most common deployment scenario, the NW will transmit all DL signals in the same direction.
Observation 3	It is not clear if multi-TRP aspects should be taken into account in the multi-beam specification work in Release-16.
Observation 4	The performance benefit of multi-panel transmission depends on the ratio between the pathloss of the strongest path, and the pathloss of paths corresponding to other panels.
Observation 5	Simultaneous UL multi-panel transmission may only provide gains under rare circumstances.
Observation 6	Completing link recovery takes around 150ms, from the time when the beam is lost, until a new beam is operational.
Observation 7	Solutions 1 and 2 will not work for cases where the SCell does not have any UL.
Observation 8	SS-RSRQ measurement and reporting will result in the reporting of the same     beams as when SS-RSRP measurement and reporting is used.
Observation 9	L1-SINR measurement and reporting may result in reporting of different  beams than when L1-RSRP measurement and reporting is used.
Observation 10	UL/DL beam selection characteristics and performance are critically dependent on macro mobility and beam sweeping algorithms.
Observation 11	A realistic model of the UE antenna and receiver is crucial to characterize solutions of UL multi-panel transmission.
Observation 12	A realistic model of the UE orientation is crucial to accurately characterize UL multi-panel transmission solutions.
Observation 13	The benefits of multi-panel transmission at the UE is to a large extent determined by the propagation conditions from the two panels to the receiving NW node.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Increase the maximum number of configured spatial relations for PUCCH to 64.
Proposal 2	Introduce the possibility to configure a list of spatial relations for SRS resources, which are subsequently activated or indicated before they are used.
Proposal 3	Support updating PUSCH spatial relation without RRC involvement.
Proposal 4	Reduce the signalling overhead by enabling simultaneous updating of many QCL associations and spatial relations. Furthermore, ensure that RRC signalling is not required to support intra-cell mobility.
Proposal 5	Introduce methods to update the QCL source of periodic CSI-RS without using RRC.
Proposal 6	Study ways to facilitate autonomous updates of the QCL associations in the UE.
Proposal 7	Study ways to configure several QCL sources for one RS.
Proposal 8	Do not introduce support of simultaneous transmission over multiple UE antenna panels.
Proposal 9	A UE can be configured to perform link recovery on all configured SCells.
Proposal 10	Adopt MAC CE indication over the SpCell to support link failure recovery on the SCell.
Proposal 11	The relevant measurement quantities for the Rel-16 enhancement to multi-beam transmission are those already defined in [7]
Proposal 12	Irrespective of which measurement quantity is standardized for beam management, it should be applicable to either the SS/PBCH block or CSI-RS.
Proposal 13	The advantages of L1-RSRQ measurement and reporting in comparison to L1-RSRP measurement and reporting should be clarified.
Proposal 14	It should be evaluated how large gain L1-SINR measurement and reporting gives in comparison to L1-RSRP measurement and reporting.
Proposal 15	Do not evaluate improved UL/DL beam selection using simulations.
Proposal 16	For evaluation of UL multi-panel transmission, consider using a UE antenna layout with two or four panels, and 2 TXRU. The UE orientation should be random in elevation and azimuth.
Proposal 17	Evaluate the performance of enhanced UL multi-panel transmission using SLS without macro mobility and dynamic beam sweeping algorithms.
Proposal 18	Do not evaluate beam failure recovery on SCell through simulations.
Proposal 19	Evaluate performance of L1-RSRQ/SINR by comparing beam selection based on RSRP, RSRQ and SINR for different interference realizations.
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