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Introduction
RAN1 has made the following agreements on beam management:
Agreement #1 (RAN1#86b)::
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· FFS: Information other than QCL
· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE
· … 
Agreement #2 (RAN1#86b):
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs

Agreement #3 (RAN1 NR-AH3):
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state
· Alt 1: The QCL configuration/indication is on a per CORESET basis
· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
· Alt 2: The QCL configuration/indication is on a per search space basis
· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)
Note: The above options are provided as input to the control channel agenda item discussion
Agreement #4 (RAN1 NR-AH3):
· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH.

In this contribution, we discuss the usage of a common beam for PDCCH and PDSCH, and the implications that would have on the standard. We elaborate on suitable beam widths for the PDCCH and PDSCH transmissions, and discuss if and how that could be conveyed to the UE.
[bookmark: _Ref178064866]Discussion
As stated already in agreement #1, the NW can choose to operate beam management with and without beam indication. As demonstrated in [1], operating without beam indications provides very good performance in many cases. In summary, the solution builds on that the gNB and the UE update their beams at different times, i.e., that the gNB applies separate P2/P3 procedures. Clearly in this case, the gNB may use same of different beams for PDCCH and PDSCH transmission, this is transparent to the UE, and standard-agnostic.
[bookmark: _Toc494707443]The gNB may choose to change the Tx beams of the PDCCH and PDSCH without informing the UE, i.e., to apply beam management without beam indication.
When the NW operates beam management with beam indication, the gNB sends QCL indications for the DMRSs of the PDCCH and/or PDSCH. The QCL indications point to a previously transmitted reference signal, and informs the UE that it may assume that the DMRS is spatially QCL with the previously received RS. The UE will use this information to adjust its Rx beam. More information about beam indication options can be found in [2].
It should be noted that even when the NW sends these QCL indications, the gNB may sometimes choose to update its Tx beam without informing the UE, since the NW will realize that two Tx beams are equivalent with respect to which Rx beam the UE uses. For instance, for a P2 procedure, the UE keeps its Rx beam constant during the whole sweep. Informing the UE that the NW has updates its Tx beam based on the reported CRI is useless, since the UE will not update its Rx beam anyway based on that information. In a similar way, the gNB may widen its Tx beam without telling the UE, since the Rx beam adjusted towards the narrow beam is often suitable also for the wider beam.
Since the NW has the choice to change Tx beams without informing the UE, the RAN1 discussion on beam widths for PDCCH and PDSCH transmission only relates to what QCL information is conveyed to the UE. The statement in agreement #2 to “Support using same or different beams on control channel and the corresponding data channel” relates to the ability send QCL indications to the UE, as clarified in agreements #3 and #4. This is important to remember in the discussion.
Clearly, sending separate beam indications for the PDCCH and PDSCH to the UE increases the complexity of the solution. Obviously, the NW would have to send double indications to the UE. Since current agreements do not allow the information to be conveyed using functionality in the same layer (MAC for PDCCH, L1 for PDSCH) the complexity grows even further. In addition to the double signalling in two layers, the ability to maintain different beams is of little use if the PDCCH and PDSCH beams have the same beam width. To provide any benefit, the PDCCH and PDSCH beams must be different, e.g., the PDCCH beams must be wider than the PDSCH beams. To adjust the beams, the NW would have to collect information about potential candidate beams, and if different candidate beams are relevant for PDCCH and PDSCH, the collection of measurement is also doubled.
[bookmark: _Toc494707444]Maintaining and conveying independent QCL indications for PDCCH and PDSCH leads to additional complexity for the NW, both regarding signalling overhead and collection of measurement reports.
So, maintaining separate QCL indications corresponding to PDCCH and PDSCH beams leads to additional complexity. The question is then: does it lead to better performance? Is the best beam for PDCCH different from the best beam for PDSCH? 
Both for (UE-specific) PDCCH and PDSCH beamforming, the target is to achieve the best SINR at the receiver. Thus, it may seem natural that the best beam for PDCCH is the same as the best beam for PDSCH. Then, the BLER operating point for PDCCH and PDSCH is typically different: for PDCCH, we aim for that 99% of the transmissions are correct by adjusting the aggregation level, whereas for PDSCH the MCS is chosen so that 90% of the initial transmissions are correct. Still, beamforming should be applied to maximize SINR in both cases.
The beams for PDCCH and PDSCH are chosen based on any data that is available at the gNB. Both measurement reports from the UE and UL measurements may be used. The UE speed may also be taken into account. Based on all this data, the gNB makes an educated choice of the best Tx beam. 
It should come as no surprise that the best beam is most often the narrowest beam, providing the highest array gain. Only for UEs moving very fast, it may be so that the measurement delay will result in an outdated beam selection. But for the realistic array sizes (<1000) elements, even the narrowest beams are rather wide at reasonable distances from the TRP. 
[bookmark: _Toc494707445]In most cases, the narrower the PDCCH beam, the better the performance.
A wider beam would provide better (“more robust”) performance only under some circumstances, which we consider almost as a corner case is shown. Such a scenario is depicted in Figure 1.
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[bookmark: _Ref494715562]Figure 1: Scenario where wide beam transmission may be preferable. Note that the beams are intended to be drawn according to scale: the wider beams lead to significantly reduced antenna gains. 
In this scenario in Figure 1, the narrow beam is blocked by a house, preventing the transmission to reach the UE. With the wide beam to the right, the transmission relies on a reflector to reach the UE. When the wide beam in the middle is used, there is no such reflector present, and the transmission through the wide beam does not reach the UE either. Also note that picture does not depict how the UE Rx beam is adjusted: even in the situation to the right, there is no guarantee that the UE Rx beam points in the correct direction.
[bookmark: _Toc494707446][bookmark: _Ref494716328]A wider PDCCH beam only provides more robust performance under very special circumstances.
Based on Observation 4, we conclude that using the same (narrow) beam for PDCCH and for PDSCH is the best choice, and the UE should base its QCL association on that assumption. In the rare cases where a wider PDCCH beam would be appropriate (e.g., for high-speed train use cases), the NW may use the knowledge of the best narrow beam to generate the best wide beam. Since the QCL indication signalling for the narrow beams are indicated through DCI to the UE, we make the following key proposal:
[bookmark: _Toc494556212][bookmark: _Toc494557497][bookmark: _Toc494572626][bookmark: _Toc494572799][bookmark: _Toc494622260][bookmark: _Toc494622571][bookmark: _Toc494707468][bookmark: _Toc492554463][bookmark: _Hlk494621782]NR supports a configuration whereby the UE can assume the same QCL reference for PDCCH as indicated through TCI for PDSCH. Prior to slot n, the UE receives a DCI that schedules PDSCH in slot n. The DCI contains a TCI state for the purposes of QCL indication for PDSCH. Within slot n, and in subsequent slots until the next TCI is received, the UE can assume that the DMRS of PDCCH candidates in a configured CORESET is QCL with the DL RS(s) in the RS Set of the same prior indicated TCI state as for PDSCH.
To incorporate this into the TCI framework described by the agreements #3 and #4, the QCL indications for PDCCH and PDSCH must be tied together. This is a configuration option, so we don’t see that any fast indications are needed to turn such an association on and off. Hence, we propose
[bookmark: _Toc494622261][bookmark: _Toc494622572][bookmark: _Toc494707469]To support a configuration whereby the UE can assume a common QCL reference for PDCCH and PDSCH, a TCI state configuration contains an information element (IE) indicating whether common QCL is “ON/OFF.” In this context, common QCL “ON” means that the UE can assume the same QCL reference for PDCCH as indicated through the TCI field in DCI for PDSCH. Common QCL “OFF” means that the UE can assume that the QCL reference for PDCCH is provided by the configured reference to a TCI state in the CORESET.
We note that similar proposals were raised in [2], but there was a restriction where the PDSCH beam was limited to the (wider) PDCCH beams. In this contribution, we have shown that a narrow PDCCH beam, which follows the PDSCH beam is more suitable in most cases, but we don’t see why the standard should preclude the usage of more static PDCCH/PDSCH beams: the final choice should be up to implementation.
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In this contribution, we made the following observations:
Observation 1	The gNB may choose to change the Tx beams of the PDCCH and PDSCH without informing the UE, i.e., to apply beam management without beam indication.
Observation 2	Maintaining and conveying independent QCL indications for PDCCH and PDSCH leads to additional complexity for the NW.
Observation 3	In many cases, the narrower the PDCCH beam, the better the performance.
Observation 4	A wider PDCCH beam only provides more robust performance under very special circumstances.

Based on the discussion in this contribution we make the following key proposals:
Key Proposal 1	NR supports a configuration whereby the UE can assume the same QCL reference for PDCCH as indicated through TCI for PDSCH. Prior to slot n, the UE receives a DCI that schedules PDSCH in slot n. The DCI contains a TCI state for the purposes of QCL indication for PDSCH. Within slot n, and in subsequent slots until the next TCI is received, the UE can assume that the DMRS of PDCCH candidates in a configured CORESET is QCL with the DL RS(s) in the RS Set of the same prior indicated TCI state as for PDSCH.
Key Proposal 2	To support a configuration whereby the UE can assume a common QCL reference for PDCCH and PDSCH, a TCI state configuration contains an information element (IE) indicating whether common QCL is “ON/OFF.” In this context, common QCL “ON” means that the UE an assume the same QCL reference for PDCCH as indicated through the TCI field in DCI for PDSCH. Common QCL “OFF” means that the UE can assume that the QCL reference for PDCCH is provided by the configured reference to a TCI state in the CORESET.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref494707681]R1-1718742, Performance of beam management without beam indication, Ericsson, RAN1#90b, Prague, October 2017
[bookmark: _Ref494730135]R1-1718433, On beam indication, measurement, and reporting, Ericsson, RAN1#90b, Prague, October 2017 
[bookmark: _Ref494717008]R1-1715940, On Beam Management, Measurement and Reporting, Samsung, RAN1 NR-AH3, Nagoya, September 2017



image1.png




