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1	Introduction
The Rel-15 functionality on beam management provides basic support for large multi-panel arrays. Still, the designs have been optimized for arrays of a moderate size. When the already standardized solutions are applied to very large antenna arrays, performance will either suffer, or the signalling overhead will grow.
In this contribution, we explain the limitations on the current design when it comes to large arrays and propose ways to improve the situation.
[bookmark: _Ref178064866]2	Discussion
The Rel-15 framework for beam management is based on the framework of spatial QCL assumptions and spatial relations 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. [2]
· 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. [3]
Once a QCL relation becomes outdated, i.e., when the UE is unable to receive the corresponding RS(s), the NW would have to activate a new TCI state, which contains RS(s) the UE can receive. This signalling is performed using MAC CE. This signalling overhead essentially leads to a limitation on how accurate QCL relations can be conveyed to the UE: it becomes too cumbersome to provide the UE with reference signals transmitted in narrow beams as QCL source, since that would result in too much signalling. 
We can also note that the measurement reports may be associated with a pretty large inaccuracy, in the order of several dB. The use of closely spaced narrow beams may lead to that TCI state activations may be triggered by measurement errors.
[bookmark: _Toc528573128]The use of reference signals transmitted in narrow beams as QCL sources would lead to excessive signalling overhead. 
To avoid the disadvantages of the narrow beam QCL, the NW will transmit the QCL sources (most notably the TRS) in wide beams, to limit the amount of signalling.


[bookmark: _Toc528573129]The QCL framework and the associated DL signalling procedures forces the NW to use wide Tx beams for all QCL sources.
As long as the gNB antenna is reasonably small (in the order of 100 antenna elements), the discrepancy between the properties of a wide TRS beam and the narrow PDSCH beam will be reasonably small. However, for larger antenna sizes (in the order of 1000 antenna elements), the discrepancy will grow, and solutions based on wide TRS beams may provide suboptimum performance.
To improve PDCCH/PDSCH performance, we would like to provide the UE with a TRS that is as similar as possible to the PDCCH/PDSCH. The static solution in Rel-15 will not work, since it would result in too much signalling. Furthermore, the number of TCI states is not large enough to handle that number of beams.
One option could be to work with a dynamic UE-specific TRS, as illustrated in Figure 1.
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[bookmark: _Ref528567415]Figure 1: Dynamic, UE-specific TRS. The TX beam changes slowly as the UE moves, but the RS configuration the UE uses does not change.
With the setup in Figure 1, the TRS can be transmitted in a quite narrow beam. Since the RS configuration in the UE is the same, no signalling is required: the UE performs measurements on the same RS resource all the time.
The solution with a dynamic UE-specific TRS has several advantages, both for the UE and the NW:
· The UE would only have to perform measurements on a single TRS: there is never any need to stop monitoring one TRS and start monitoring another. Also, the performance will be better since there is no discontinuities involved in the process.
· The NW would not have to signal any updates to the UE. Also, the NW would only have to transmit one TRS per UE, in contrast to the case with static transmissions, where the NW would have to cover the whole cell with RRC-configured TRSs, although very few of them would be needed. Last but not least, the NW can distribute the TRS transmission in time, so that the DRX on durations for each UE coincides with a transmission instance of the TRS. 
However, the setup in Figure 1 is problematic in Rel-15. The reason is that the TRS itself needs a QCL source, and since the TRS is periodic, that QCL source is configured using RRC. Thus, if the QCL source of the TRS becomes outdated, the NW would have to resort to RRC signalling to change that QCL source, leading to that RRC signalling is needed to handle intra-cell mobility. As this is clearly undesirable, we propose
[bookmark: _Ref525041825][bookmark: _Toc525041875][bookmark: _Toc525901427][bookmark: _Toc528573130]Study methods to update the QCL source of periodic TRS without using RRC.
We note that this is an issue not only for FR2: also for FR1, performance would be improved if the TRS could be beamformed towards a certain UE. The QCL source then provides the UE with QCL Type A, which implies that the estimation of e.g., delay spread would be more accurate.
[bookmark: _Hlk528573250]One alternative way to avoid RRC signalling is to introduce a semi-persistent TRS and use that TRS as a QCL source for the PDCCH/PDSCH.  As the QCL source of a semi-persistent RS is updated using MAC CE, RRC signalling is avoided. In addition, it is important that the semi-persistent TRS can be configured with an SS/PBCH block as a QCL source, in contrast to the aperiodic TRS, which requires a periodic TRS as QCL source.
[bookmark: _Toc528573131]Introduce a semi-persistent TRS which can be configured with an SS/PBCH block as QCL source.
If a semi-persistent TRS is introduced, it is important to allow that, e.g., RLM and beam failure detection can be performed based on a semi-persistent RS.
Although a semi-persistent TRS would improve the situation, it may still lead to unnecessary overhead. In most cases, the TCI state update 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][bookmark: _Toc528573132]Study ways to facilitate autonomous updates of the QCL associations in the UE.
In Rel-15, the beam management procedures would almost exclusively be performed like this:
1. The UE is configured with one QCL source for, e.g., PDCCH
2. The UE performs measurements on other reference signals, corresponding to other candidate beams.
3. The UE reports to the NW which are the strongest reference signal(s)
4. Based on that report, the NW decides to change the Tx beam, and hence the QCL source of the PDCCH, corresponding to the strongest reported reference signal
5. The NW signals to the UE the new QCL assumption
6. The UE updates the QCL assumption at a certain point in time.
Although the NW stays in control of the QCL updates, it still exclusively based on the reports from the UE: it seems very unlikely that the NW could make any other decision than the UE has already made. Thus, it would seem advantageous to give the UE some authority on the QCL assumptions it is using.
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][bookmark: _Toc528573133]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. The UE would be configured with a set of QCL sources, and within this set, the UE could for example use the strongest RS as QCL source. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The use of reference signals transmitted in narrow beams as QCL sources would lead to excessive signalling overhead.
Observation 2	The QCL framework and the associated DL signalling procedures forces the NW to use wide Tx beams for all QCL sources.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Study methods to update the QCL source of periodic TRS without using RRC.
Proposal 2	Introduce a semi-persistent TRS which can be configured with an SS/PBCH block as QCL source.
Proposal 3	Study ways to facilitate autonomous updates of the QCL associations in the UE.
Proposal 4	Study ways to configure several QCL sources for one RS.
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