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1	Introduction
[bookmark: _Ref178064866]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 topic related to UL beam selection enhancements. The target is to reduce the amount of signalling needed to maintain the spatial relations. This is a revision of R1-1813609.
2	Discussion
To support DL beam selection at the UE a so-called TCI framework has been introduced. The TCI framework is based on a combination of RRC, MAC CE and DCI signalling. RRC is used to configure a set of TCI states and their corresponding RSs, and MAC CE or DCI is used to select among the configured TCI states. Using 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 a bit different. To support UL beam selection, the spatial relation concept has been introduced. Here it is possible to configure a spatial relation between a source DL RS and a target UL RS, which is expected to be used if the UE supports beam correspondence. In case the UE does not support beam correspondence, there is a possibility to configure spatial relations between two UL RSs. However, the ability to update the spatial relation by using MAC CE or DCI (as for DL beam selection) is rather limited. 
2.1	UL beam selection improvements for UEs without beam correspondence
If the UE does not support beam correspondence (or has poor beam correspondence) the UE must determine the UL transmit beam for PUSCH and PUCCH based on earlier transmitted UL reference signals (SRSs). 
2.1.1	Lean control of the PUSCH spatial relation
The PUSCH spatial relation is based on the spatial relation parameters defined for the SRS resources in the SRS resource set used for codebook based (CB) or non-codebook based (NCB) UL transmission. Since there is a restriction in maximum number of SRS resources in CB and NCB SRS resource sets (2 and 4 respectively), there are very small possibilities to use SRS beam sweeping with these SRS resource sets. Instead, it is expected that the NW would first trigger an SRS beam sweep (by triggering a SRS resource set with SRS-SetUse = ‘BeamManagement’), where the UE will transmit different SRS resources in different UL transmit beams. The NW can then determine a suitable UL transmit beam and update the spatial relations for PUSCH (implicitly by changing the spatial relation for SRS resources in SRS resource sets with SRS-SetUse = ‘codebook’ or ‘nonCodebook’). 
A flowchart is shown in Figure 2 illustrating a method for current NR specification of UL beam selection for a UE without beam correspondence which is configured with CB UL transmission. In the first step the NW trigger an SRS beam sweep and in the next step the UE transmits in the corresponding SRS resources using different UE transmit beams. The NW then measures on the transmitted SRS resources and determine the best SRS resource. The NW then updates the spatial relations for the SRS resources in the SRS resource set with SRS-SetUse = ‘codebook’. Unless the SRS resource set with SRS-SetUse = ‘codebook’ is semi-persistent the update of spatial relations for the SRS resource set needs to be done with RRC signaling, which create unnecessary overhead and latency. Also, in case the SRS resource set for beam management is aperiodic, they can anyway not be used as spatial relation for the semi-persistent SRS resource set used for CB transmission.
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Figure 1	Signalling required  for PUSCH transmission when the UE does not have beam correspondence. 

Figure 2 illustrates the spatial relations between PUCCH, PUSCH and SRS resources for a UE utilizing CB UL transmission without beam correspondence. What makes the configuration in Figure 2 heavy-weight is the configuration between SRS resources set 1 and SRS resource set 2. When SRS resources set 1 is periodic or aperiodic, the spatial relation between resource set 1 and 2 is updated 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 [2]. 
[bookmark: _Toc534967576]The signaling mechanisms for SRS-SRS spatial relations is heavy-weight for many desirable configurations.
[bookmark: _Hlk534730772]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. The same is true for PUCCH. 
There are essentially two alternatives to RRC signaling: either MAC CE or DCI. Here we note that some signaling possibilities already exist for DCI. However, the number of different relations that can be signaled using DCI are quite limited, and the number of spatial relations that need to be signaled can be quite large. Relying only on DCI for the signaling of spatial relations does not seem feasible. 
This means that support for updating the spatial relation of aperiodic SRS via MAC CE is required. Hence, we propose
[bookmark: _Toc534967577][bookmark: _Ref528839673]Enable update of the spatial relation of aperiodic SRS with MAC-CE signaling. 
We note that Proposal 1 can be supported in different ways.
[bookmark: _Hlk528847823] [image: ]
[bookmark: _Ref524960798][bookmark: _Hlk534882581]Figure 2: A configuration for SRS sweep. Note that the relation between SRS resource set 1 and 2 is updated using RRC unless SRS resource set 1 is semi-persistent (and SRS Resource set 2 is either periodic or semi-persistent).
2.1.2	Flexible spatial relations
Even with the proposed updates in the previous section, the procedure of updating UE TX beam is associated with quite some overhead: the SRS sweep needs to be triggered, the NW must perform the measurement, and signal the updated Tx beam to the UE. Due to UE rotation, the UL Tx beam may be rapidly outdated, making it necessary to repeat the update of UE TX beam rather frequently, leading to even more overhead. With the current specification, the UE is required to use the beam used for the most recent SRS transmission for the scheduled PUSCH: the UE is not allowed to choose another beam. 
One way to mitigate this problem would be to introduce a concept of flexible spatial relations. The purpose of the flexible spatial relations is to let the UE choose a different Tx beam for a subsequent UL transmission than the UE TX beam that was used for a previous SRS transmission. The UE would use the previous SRS beam as one input to determine its PUSCH Tx beam, but could also take other measurements into account, e.g.,
-	Measurements on a DL RS
-	Measurements from movement sensors. 
Figure 3 illustrates the principle of flexible spatial relations. In Step1 the UE performs a TX beam sweep by transmitting different SRS resources in different UE TX beams. The NW performs measurements on the different SRS resources and determines a preferred SRS resource, which corresponds to a certain UE TX beam. In Step2 the NW updates the spatial relation for the UE and indicate that the updated spatial relation is “flexible”. In Step3 the UE transmit PUCCH and/or PUSCH in the UE TX beam indicated from the flexible spatial relation. In Step4 the UE has discovered that it has rotated (for example based on movement sensors or measurements on DL RS) and applies a new UE TX beam for coming UL transmission without informing the NW.  
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[bookmark: _Ref534970499] Figure 3: Illustration of the principle with flexible spatial relation.

[bookmark: _Toc534967578]With the introduction of such flexible spatial relations, the NW may perform an SRS sweep, and indicate to the UE to use the beam corresponding to the preferred SRS for the subsequent PUCCH/PUSCH transmission. However, the UE is allowed to use another beam than the preferred SRS, if the UE has additional measurements that point to that the optimum beam has changed since the transmission of the SRS sweep.
Hence, we propose
Introduce concept of flexible spatial relation that enables the UE to update the UE TX beam by itself without the NW updating the spatial relations.
[bookmark: _Hlk528657467]2.2	UL beam selection improvements for UEs with beam correspondence
If the UE supports beam correspondence the UE can determine the transmit beam for PUCCH and PUSCH based on earlier transmitted DL reference signals.
2.2.1	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, as schematically illustrated in Figure 1. If these DL signals are used as spatial references, RRC reconfiguration will be needed as the UE moves across the cell. A simple way to avoid these RRC reconfigurations is to increase the number of spatial relations:
[bookmark: _Toc534967579]Increase the maximum number of configured spatial relations for PUCCH to 64.

[image: ]
Figure 4	Example of cell covered with 10 SSB beams.
The spatial relation for each PUCCH resource is configured and update individually. This means that if the UE would like to change the UL transmit beam for all PUCCH transmissions, the network needs to update the spatial relation for each PUCCH resource individually, which requires unnecessary overhead signalling. A simple way to avoid this is to introduce means to update the spatial relation of all PUCCH resources at the same time:
[bookmark: _Toc534967580]Enable simultaneous spatial relation update for all PUCCH resources to reduce signaling.
2.2.3	Optimized single-beam configuration
As was described above, the beam management framework is quite flexible: the NW request that the UE receives and transmits from different directions by configuring the UE with different reference signals in TCI states and spatial relations. However, the most common case is that the NW requests the UE to receive and transmit in the same directions. In this case, the beam management framework is unnecessarily heavy-weight, and only leads to additional signalling. 
This signalling overhead can be significantly reduced if there was a lightweight configuration option to let the UL follow the DL. One way to achieve this is to introduce the possibility to configure a spatial relation as a CORESET. When configured with a CORESET Id in the spatial relation, the UE would derive the UL Tx beam from the DL Rx beam of the PDCCH DMRS. When the updates the TCI state of that CORESET, the UL follows: there is no additional signalling required. Thus, we propose:
[bookmark: _Toc534967582]Introduce the possibility to use a CORESET when configuring a spatial relation.
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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support updating the spatial relation of aperiodic SRS with MAC-CE signaling.
Proposal 2	Introduce concept of flexible spatial relation that enables the UE to update the UE TX beam by itself without the NW updating the spatial relations.
Proposal 3	Increase the maximum number of configured spatial relations for PUCCH to 64.
Proposal 4	Enable simultaneous spatial relation update for all PUCCH resources to reduce signaling
Proposal 5	Introduce the possibility to use a CORESET when configuring a spatial relation.
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