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Introduction
In RAN1#86bis, the following working assumption was made:
Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals

In a companion contribution [1], we given an overview of the overall beam management process. In this contribution, we focus more on the reference signals we propose to use for beam management according to the above working assumption.
[bookmark: _Ref178064866]Discussion
In RRC_CONNECTED mode, the UE performs mobility measurements on mobility reference signals (MRS) which are periodically transmitted, and their presence is configurable to the UE so that they can be turned off at off-peak hour (low load) to save energy and reduce interference in the system. However, the exact sequence and resource of the MRSs are not configured to the UE, since the UE should search and discover new nodes, like in LTE today. Instead, the UE is configured with an indication of the resources for where it may perform the search, e.g. the frequency, periodicity and the subframe offset. The MRS contains a synchronization signal component and a measurement reference signal component so that mobility measurements can be made corresponding to neighbour nodes with which the UE does not maintain synchronization. For example, this occurs if the measured neighbour node that should be discovered is be connected to a different base band. Although the UE is periodically searching for and discovering new MRSs, the UE is also configured with a serving set of MRSs. The UE will trigger and UL mobility measurement report if the quality (e.g. RSRP) of an MRS outside the serving set is better, e.g., than all of the ones in the serving set. This reporting and configuring of the serving set is handled by L3 signalling. In Section 2.2 below, the structure of the MRS including the synchronization signal component and the measurement signal component is described.
As agreed previously, beam management (distinct from L3 based mobility described above) is also an RRC_CONNECTED mode procedure, but is based on L1/L2 reporting. Another distinction is that beam management is used to handle beam finding/tracking/refinement within the coverage area of the serving TRP (or multiple TRPs connected to the same baseband), i.e., the TRP(s) with which the UE maintains synchronization. However, because the UE is configured with a serving MRS set, and since the serving MRSs may be beamformed, the RSRP measurements on the serving MRS set (a by-product of the measurements used to support mobility) may also be used for the purposes of beam management. 
A key aspect, is that since the MRSs are periodically transmitted, they are costly in terms of overhead, if beam sweeping across many beams is used. Hence, an operator may choose in the deployment/configuration that the number of beams per TRP used for MRS is low. Even a single MRS per sector at lower carrier frequencies may be used, and perhaps a few (e.g., four) MRS per TRP at intermediate carrier frequencies. On the other hand, at higher frequencies, a larger number of beamformed MRSs may be needed for coverage.
In many cases, the coverage area of an MRS beam may still be wider than that required for reliable data/control channel demodulation performance. So, even if MRS measurements are used for initial coarse beam finding, additional refinement may be needed. This is discussed further in a companion contribution [1] where we argue for using MRS measurements to “bootstrap” the beam management process. Beam refinement is then based on CSI-RS. Based on the prior discussion we propose the following.
[bookmark: _Toc466032797][bookmark: _Toc466037520]Beam management supports measurements on mobility reference signals (MRS), at least for the purposes of finding initial coarse beam directions.
While MRS can be used to provide initial coarse beam directions, further refinement may be needed based on a different reference signal. In some scenarios, e.g., if only one sector-covering MRS beam is used, the additional reference signal is needed both for initial beam finding and further refinement. 
Regardless of whether or not MRS is used, CSI-RS is a natural choice for beam management for a variety of reasons. Recall that beam management is a L1/L2 procedure to be executed within the coverage area of one or more TRPs with which the UE maintains synchronization. Hence in contrast to L3 mobility based on MRS, there is no fundamental need for a synchronization signal component for beam management. Appropriately, CSI-RS does not contain such a component.
Secondly, since CSI-RS is used for channel state information feedback (CSI) to support link adaptation and beamforming for PDSCH demodulation, it makes sense to also use CSI-RS for beam management for consistency. At high frequencies where analog  beamforming is used, the UE can feedback CQI, PMI, and RI on the best beam found in in an analog beam sweep used for beam management. This same CSI report can be used for PDSCH, since the beamwidth and the direction used for beamforming the PDSCH is most likely the same as that found in the beam sweep process. In Section 2.1 below, the structure of the CSI-RS used for beam management purposes is described.
[bookmark: _Toc466032798][bookmark: _Toc466037521]Beam management supports measurements on CSI-RS both for the purposes of initial beam finding, beam changes, and beam refinement.
[bookmark: _Ref466025910]CSI-RS for Beam Management
As discussed in a companion CSI-RS contribution [2], considerable flexibility of the CSI-RS is required since it is used to support multiple functions.
· Measurements for link adaptation using Type I CSI feedback
· Measurements for Type II CSI feedback providing high spatial resolution
· Measurements for beam management
For the first two functions, in order to support a potentially large number of ports, and also to avoid DMRS transmissions, CSI-RS ports will likely be multiplexed in frequency in a small number (e.g., 1 or 2) OFDM symbols. For the third function, however, a smaller number of ports e.g., 1 or 2 per OFDM symbol will be multiplexed over multiple OFDM symbols in the slot, where a different beam direction is associated with the CSI-RS ports in each OFDM symbol.
Figure 2 shows an example CSI-RS pattern to support beam sweeping. Note that for an analog/hybrid beamforming system, there is no opportunity to transmit data while the beam is swept, at least not from the same antenna panel, hence it is not necessary to avoid REs occupied by data or DMRS symbols. In the example shown in Figure 2, the basic pattern consists of 2 adjacent REs in frequency corresponding to 2 ports (2 polarizations) which is replicated over all 7 OFDM symbols. Hence each OFDM symbol corresponds to a different beam. This pattern is then repeated every M REs in the frequency domain. Suitable values for the configurable frequency periodicity factor M is FFS.

[image: ]
[bookmark: _Ref462923682]Figure 2: Example CSI-RS symbol locations for supporting beam-sweeping in NR according to Proposal 1. The frequency-domain periodicity factor M is FFS.
[bookmark: _Ref466020506]Mobility Reference Signal (MRS) for Beam Management
As discussed previously, while CSI-RS can be used for all beam management procedures, the MRSs used for L3 Connected Mode mobility may be used also to bootstrap beam management procedures, i.e., provide an coarse initial beam direction. As discussed in a companion MRS contribution [3], for L3 Connected Mode mobility, the MRSs need to fulfil the following functions:
· Allow coarse symbol time/frequency synchronization
· Provide TRP or beam identification
· Allow link signal quality measurements with sufficient quality
Regarding the latter, the link quality measurements are typically in the form of an RSRP measurement which is what is needed also for beam management purposes.
To provide the above functions, the signal format depicted in Figure 2 is proposed. The signal consists of two fields, a synchronization field, here called TSS, and a link (cell or beam) identity field, here called BRS. The fields are multiplexed into a single OFDM symbol that halves the beam sweeping duration for a given number of beams. The use of the MRS symbols for beam sweeping is also illustrated by Figure 2. Beams from the same TRP may use the same TSS, while the BRS fields identify individual beams. While the figure shows equal resource allocation to the two fields, marked by different shading, they may be allocated unequally.
The TSS field is conceptually similar to the PSS in LTE, which is used for initial timing synchronization. A single sequence, or a small number of them, should be used to minimize the UE search effort. The BRS sequence is similar in function to the SSS in LTE. Tens to hundreds of BRS sequences with good cross-correlation properties should be accommodated.
[image: ]
[bookmark: _Ref458409843]Figure 2. MRS signal design consisting of TSS and BID fields and the use of multiple MRSs in sweeping. (Left): time-concatenation, and (Right): frequency concatenation.  
Conclusions
In this contribution we discuss the reference signals used for the beam management procedures. Based on the discussion we propose the following:
[bookmark: _GoBack]Proposal 1	Beam management supports measurements on mobility reference signals (MRS), at least for the purposes of finding initial coarse beam directions.
Proposal 2	Beam management supports measurements on CSI-RS both for the purposes of initial beam finding, beam changes, and beam refinement.
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