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Introduction
The 5G Study Item regarding the “Study on New Radio Access Technology” was approved at the 3GPP TSG RAN#71 meeting. It has the objective to be able to operate from sub 1 GHz to 100 GHz in a large variety of deployment scenarios in a single technical framework [1]. Beam management   becomes a major functionality and has been discussed in previous RAN WG1 meetings.

The following agreements have been made in RAN1#88b, see [2]:
Agreements:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option
Agreements:
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)
Agreements:
· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS
Agreements:
· For reception of DL data channel, study further at least the following:
· Whether or not have an effective window of spatial QCL assumption
· Interaction between higher layer signaling (if supported) and DCI indication 
·  FFS the signaling details for higher layer and DCI based approaches (e.g., the corresponding information field in DCI, etc.)
· Interaction between beam management and PDSCH transmission
· Whether or not to have a default behavior (e.g., due to DCI miss detection), and if so the default behavior
· Beam switching time, DCI decoding time, etc.

In this contribution, we present our views on beam management with focus on construction of beams and their relation to the beam measurement RS. 

Reference signals for beam management 
It has been agreed that CSI-RS will be used as reference signals for beam management. In addition to CSI-RS, there has been discussion regarding the use of the SS block, e.g. [3] and [4] and with focus on initial access [5] and [6]. Above 6 GHz, the SS block will be transmitted in a beamformed manner. Hence it is advantageous to utilize these available SS blocks to assist in CSI-RS based beam management procedures, such as reducing latency while beam sweeping for beam acquisition, beam monitoring, beam recovery etc. 

Observation 1: Usage of available beamformed SS blocks to assist CSI-RS beam management procedure can reduce latency introduced due to beam management.

Proposal 1: SS should also be used for Beam Management.

Proposal 2: The beams of the SS block will be cycled through at least once in every SS burst set.

The set of SS block beams can be lesser than the total number of beams supported in the DL by the TRPs.  This can help reduce further the initial access latency and the beam selection latency by reducing the periodicity of the SS burst set. Another method to reduce this latency is to have wider beams in the SS block as compared to the CSI-RS. Both reduced beam set and wider beam width will introduce a mismatch between CSI-RS based beam management and SS block based beam management. We should study further methods to combine the SS block beam information and CSI-RS block beam information. 

Proposal 3: Study further how to combine the SS block beam information and CSI-RS block beam information. 

The application of the sub-time unit concept such as IFDMA is another promising method to reduce the beam management latency [9].

Proposal 4: Support at least IFDMA-based CSI-RS design for beam management.

Proposal 5: Study further how sub-time unit concepts such as IFDMA can be applied to SS too for latency reduction during beam management.

Nested usage of SS and CSI-RS for beam management
As an example, we can construct the beam set of SS and CSI-RS such that the SS are linked to the CSI-RS in a unique manner. This allows a nested structure of the RS beams.

The beam set is constructed as follows: first design N wide beam SS that will cover the entire beam sweeping area of interest. Then, for the nth wide beam SS, design m fine beam CSI-RS such that the beam directions of the CSI-RS is subsumed (covered) by the nth CSI-RS beam. In other words, if the UE receives one of those m CSI-RS beams as its strongest measured narrow beam, then it will also correspondingly select the nth SS beam as its strongest measured SS beam.

This construction rule for the nested structure is shown below in the Figs. 1(a) to 2(b).
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Fig. 1(a): wide beam RS (i.e SS) 					Fig. 1(b): fine beam RS (i.e CSI-RS)



					

Fig. 2(a): CSI-RS#1-#4 correspond to SS#1		Fig. 2(b): CSI-RS#5-#8 correspond to SS#2


Observation 2: There should be a uniquely defined and nested mapping of CSI-RS beam(s) to SS beam. 

The UE may not know this mapping a priori and it will have to be indicated to the UE.  The UE knows the SS beam number and direction as it is periodically transmitted in a known manner. This periodicity as well as the manner of transmission can be deduced by the UE by receiving the System Information (SI) broadcast in the SS blocks (e.g. in the PBCH part of the SS block).  The CSI-RS beams are not known to the UE. These can be UE specific or UE Group specific or cell specific. Without prior knowledge about these CSI-RS beams, the UE cannot determine how they correspond to the SS beam. 

One straightforward way to do this is to indicate it by signaling a spatial QCL between the SS beam and the nested CSI-RS beam.  There are other possible ways to signal this in an implicit manner. 
Each BPL is expected to have a unique BPL tag or index.  This tag or index can be designed such that it allows the UE to derive the nesting structure and the corresponding SS beam for the CSI-RS based BPL. Another method for implicit indication is through the selection of CSI-RS sequences. The set of CSI-RS sequences is initialized or chosen based on the SS beam that the CSI-RS beam corresponds to.

Proposal 6: Support spatial QCL indication between SS beam and CSI-RS beam(s).

Proposal 7: Study implicit indication of correspondence between the SS beam and the CSI-RS beam(s).

Beam measurement 
In NR, CSI-RS (and potentially SS) is (are) used as the reference signal for beam management. In order to perform P1 and P2 procedures, a beam quality has to be measured and reported back to the gNB as some metric. P3 procedure does not need reporting as the UE can measure and select the RX beam independently.   

The following metrics are discussed as candidates for beam quality, e.g. [7] and [8]: 
a) RSRP
b) CSI

The following factors impact the selection of the beam measurement metric:
a) Frequency selectivity of the beam: Wideband measurements do not provide information about the frequency selectivity of the beam whereas sub-band measurements provide information about the frequency selectivity. Sub-band measurements might be beneficial in case only a sub-band is used whereas wideband measurements might be used in case the entire bandwidth is used.
b) Beam width: Wide beams are more robust compared to narrow beams regarding to time variations of the radio channel, like e.g. variations of angle of arrival and, hence, have a less time-variant RSRP compared to narrow beams. Narrow beams can have less interference and, hence, better SINR compared to wide beams.

Proposal 8: Consider the impact of frequency selectivity and beam width on the selection of beam measurement RS.

If the beam CSI can be measured in a feasible manner, it can provide more information such as CQI, PMI and RI compared to RSRP to aid beam selection based on the factors mentioned above. However, as wideband measurements are usually less computational intense compared to sub-band measurements, RSRP measurements are less computational complex compared to CSI measurements.
 Depending on the UE category, the UE may have differing ability to compute multiple CSIs per symbol/slot. 

The overhead of CSI report is also higher than RSRP measurement report. The RSRP can be computed and reported for a larger number of beams when compared to CSI. Due to the trade-off between reporting complexity and improved beam selection, it is preferred to have a two stage scheme where in the first stage RSRP is computed for all or a large number of beams in the beam sweep. In the second stage, the CSI is computed for only a few strongest of the beams selected in the first stage. Such a two stage beam measurement procedure enables use of CSI in beam selection. 

Observation 3: A two stage scheme for measuring RSRP and CSI on the RS for beam selection is useful. 

Observation 4: UE capabilities on CSI computation are different and can impact beam measurement. 

Proposal 9: UE should be able to indicate its CSI measurement capabilities to the gNB. 

Proposal 10: UE should be able to report all or some of the CSI for a small number of beams for the purposes of beam selection. 

Conclusion
In this contribution, we make the following observations and proposals:
Observation 1: Usage of available beamformed SS blocks to assist CSI-RS beam management procedure can reduce latency introduced due to beam management.
Observation 2: There should be a uniquely defined and nested mapping of CSI-RS beam(s) to SS beam. 
Observation 3: A two stage scheme for measuring RSRP and CSI on the RS for beam selection is useful. 
Observation 4: UE capabilities on CSI computation are different and can impact beam measurement. 

Proposal 1: SS should also be used for Beam Management.
Proposal 2: The beams of the SS block will be cycled through at least once in every SS burst set.
Proposal 3: Study further how to combine the SS block beam information and CSI-RS block beam information. 
Proposal 4: Support at least IFDMA-based CSI-RS design for beam management.
Proposal 5: Study further how sub-time unit concepts such as IFDMA can be applied to SS too for latency reduction during beam management.
Proposal 6: Support spatial QCL indication between SS beam and CSI-RS beam(s).
Proposal 7: Study implicit indication of correspondence between the SS beam and the CSI-RS beam(s).
Proposal 8: Consider the impact of frequency selectivity and beam width on the selection of beam measurement RS.
Proposal 9: UE should be able to indicate its CSI measurement capabilities to the gNB. 
Proposal 10: UE should be able to report all or some of the CSI for a small number of beams for the purposes of beam selection. 
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