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Introduction
In RAN1 NR Ad-Hoc meeting, CSI-RS were discussed with following agreements for downlink [1]:
Agreements:
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.
· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK4]Partial QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered.
· For downlink, NR supports CSI-RS reception with and without beam-related indication, 
· When beam-related indication is provided, information pertaining to UE-side beamforming/ receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE
· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports   
· FFS: information other than QCL
Agreements:
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:
· Opt1. IFDMA
· [bookmark: _GoBack]Opt2. Larger subcarrier spacing
· Other solutions are not precluded
· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.
· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.
· Note that it does not imply prioritizing different aspects in CSI-RS design
In this contribution, more aspects of CSI-RS for beam management are further discussed and subsequently our views are drawn accordingly. 
Discussion on CSI-RS for beam management 
In beam management, CSI-RS architecture should support multi-panel and multi-Tx-chain, which means that CSI-RS per beam (per subarray) per panel should be distinguished via time, frequency or coding resource. It should be noticed that reference beam(s) can be indicated by TRP via deriving QCL assumption and probed for grouping its high-correlated beam(s) or calculating spatial correlation between it and selected beams. This is beneficial for multi-level beamforming training, i.e., from lowly to highly spatial resolution beam(s), and group maintenance for specified physical path(s). Some analysis on reference beam can be found in [2]. Therefore all or portion of CSI-RS ports at certain time unit(s) can be associated with reference beam(s) in NR. The reference beam(s) can come from previous level of CSI-RS for beam management or other periodic RS e.g. mobility RS or CRS if exists.
As shown in Figure 1, the first level CSI-RS for beam management is transmitted with some beams, e.g. B1-B8. After measured the first level CSI-RS, UE can feed back some candidate beam(s) to gNB with grouping information according to spatial QCL parameter e.g. angle of arrival. For instance, transmit beam B2 and B3 correspond to same receive beam RX1, B4 and B5 correspond to same receive beam RX2. Then the selected beam B2 is the reference beam of the second level CSI-RS associated with refined beams B2a-B2d, and the selected beams B4 is the reference beam of the second level CSI-RS associated with refined beams B4a-B4d. Since the associated beams in the second level CSI-RS are QCL’ed with the reference beam/port w.r.t. the spatial QCL parameter, the same RX beam is used. Based on the reference beam information in QCL indication, UE can use the corresponding RX beam to receive and measure CSI-RS in the second level.


Figure 1 CSI-RS associated with reference beam
To be more specific, based on the information obtained from the previous level of beam sweeping based on a reference RS, beam refinement can be done in the subsequent level of CSI-RS resources to refine the beam or obtain alternative beam(s).  It should be noticed that the reference RSs serving for previous level of beam sweeping might consist of mobility RS, cell-specific RS or CSI-RS, etc. QCL-based association between previous RS ports and probing CSI-RS ports is used for assisting UE-side beamforming/reception.
To be more specific, given information via previous beam management, beam sweeping containing beam refinement and recovery is to search beams neighboring previously desirable beams or to probe beams from alternative beam resource pool. It should be noticed that the RSs serving for previous beam management might consist of mobility RS, cell-specific RS and CSI-RS, etc. QCL-based association between previous RS ports and probing CSI-RS ports is used for assisting UE-side beamforming/reception. TRP then configures one or more CSI-RS ports or beam IDs which are QCLed with previously desirable beams, i.e., P2-related beam sets.  If TRP/UE would like to perform subsequent beam sweeping or beam refinement e.g. based on P3, UE also needs to know which possible set of Rx beams should be use based on the association with the previously desirable beams.  Which exact Rx beams can be transparent to TRP and only number of Rx beams required to be swept should be fed back to TRP so that the TRP knows how to send next level of CSI-RS resources (i.e. number of repetitions). Subsequently TRP transmits corresponding RS, e.g., CSI-RS or multi-shot DMRS, for DL channel measurement. 
[image: ]
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 2 QCL-based beam indication for beam refinement or beam recovery
Proposal 1： NR should support CSI-RS ports partial QCLed, i.e., w.r.t only spatial QCL parameter at UE sides, associated with reference beam(s)/port(s) of mobility RS, cell-specific RS or CSI-RS at certain time unit(s).
Proposal 2：Support UE feedback to assist TRP to configure CSI-RS resources for P3 procedure 
Multi-level CSI-RS
In multi-antenna systems, CSI measurement is key point but the CSI-RS overhead may become a bottleneck especially when we have more beams in massive MIMO systems. In NR MIMO which may need more CSI-RS for massive connectivity and high number of antennas, the expectation of RS overhead reduction for CSI measurement is increasing. We propose to adopt multi-level design for high efficiency [3][4].
For MIMO system mainly uses analog beam management, the first level reference can be sent on multiple narrow beams to cover a wide angular direction and received with wide beams for coarse beam selection. The second level reference can be sent on narrower beams in pre-selected directions and received with narrow beams for fine beam alignment. 
Straightforwardly, the first level reference signals can be transmitted periodically or with multiple shots, and they can also be shared for multiple users. The second level reference signals are user specific and sent aperiodically, and should have high configuration flexibility in RB allocation, port allocation, time domain position, number of repetition and power. For better resource efficiency, better support for the spatial multiplexing could be considered for the design.
Here we consider multi-levels for both single beam and multi-beam operation.
· For single-beam operation, non-precoded CSI-RS or cell specific beamformed CSI-RS can be the first level reference resource.  Second level reference resource can refer to UE-specific beamformed CSI-RS. 
· For multi-beam operation, beam measurement RS or a set of cell-specific beamformed CSI-RS can be used for the first level reference resource.  UE group/UE specific beamformed CSI-RS as the second level reference resource. 
In both cases, more levels can be obtained by using different virtualization to generate multiple levels of beamformed CSI-RS.  Beam refinement can be achieved by multi-levels.  The connection between different levels is QCL association as shown in Figure 1.
Proposal 2：Adopt multi-level CSI-RS design in NR
UE-group specific CSI-RS for beam sweeping 
Regardless with or without QCL indication, CSI-RS resources might be used for multiple UEs taking into account limited candidate beams of gNB/UE and therefore sharing method for CSI-RS for beam management would effectively reduce the overhead of CSI-RS in the network. Some further details on QCL based beam indication can be found in our companion contribution [5].
It is by default assumed that the same antenna port uses the same precoding and transmission beam in a CSI resource. To be more specific, regarding Tx-Rx beam/Tx-only beam sweeping, i.e, P-1/2, multiple antenna ports would be configured within one or more CSI-RS resources. Regarding Rx-only beam sweeping, i.e., P-3, one antenna port would be configured within one or more CSI-RS resources. 
Configurations of using the same precoding and transmission beam between different antenna ports should be supported through introducing TRP-side spatial parameters, such as angle of departure, into QCL assumption, in order to support massive transmission beams inducing by massive MIMO. For instance, it is defined that enhanced QCL assumption contains TRP-side spatial parameters, which means that Tx precoding and beam(s) of two associated RS ports should be kept unchanged. The different antenna ports can be also configured with same Tx precoding and transmission beams via declaiming which ports also fulfills this enhanced QCL assumption and the flexibility of precoding/beam configuration of ports/port groups related to beam sweeping would be observed accordingly.   
Proposal 3：To introduce TRP-side spatial parameters into QCL assumption for indicating that different antenna ports have the same Tx precoding and beams.

The signaling of port density and measurement restriction settings should be included in CSI-RS settings, in order to serve multiple UE with objective of minimizing RS overhead. To be more specific, CSI-RS port density setting is per CSI-RS resource and indicates the pre-specific CSI-RS pattern with respect to enable CSI-RS ports. Measurement restriction setting, e.g., through utilizing bitmap format, is to describe which CSI-RS resources can be measured or reported by UEs according to UE specific requirement. One example can be found in Figure 3, where TRP would like to train joint 4 Rx and 2 Tx beams for UE-1 and 5 Rx and 2 Tx beams for UE-2. It can be observed that the CSI-RS overhead would be saved while the maximal latency of beam sweeping for any UEs is being reduced.         
Observation：UE-group specific CSI-RS for beam sweeping saves the overall CSI-RS overheads and reduce the latency of any UEs through configuring full or part of CSI-RS resources for more than one UE.
Proposal 4： CSI-RS setting should include parameters of port density and measurement restriction setting. 



Figure 3 CSI-RS setting for UE-group specific beam sweeping
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]
CSI-RS with different numerologies
Another method of overhead reduction is to use different numerologies between data and CSI-RS. As described in Figure 4, the larger subcarrier space can be used for CSI-RS compared with data. Then within fixed duration, more CSI-RS symbols can be transmitted. This scheme is much useful for analog beam switching within short duration. 


Figure 4 Lager subcarrier space for CSI-RS
Furthermore, if different numerology regions are FDM within one frequency band, the measurement results based on CSI-RS in one numerology region may be used for another numerology region. As shown in Figure 5, two numerology regions are multiplexed by FDM. Although the fast/fine CSI derived from CSI-RS in numerology region 1 may not be accurate for service in numerology region 2, some long term/wideband channel information, like analog beam selection, long term precoder can be used for numerology region 2.  


Figure 5 CSI-RS transmission in different numerology region
Proposal 6: CSI-RS with different numerologies should be considered in NR.
CSI-RS mapping in the PDCCH region
In addition, in order to use possible remaining resources, CSI-RS also can be considered in PDCCH regions, especially for the scenarios with fewer scheduled users. On the other hand, since multiple RF beams can be used by PDCCH to get robustness, FDM multiplexing between CSI-RS transmission and PDCCH can reduce RF switched times as shown in Figure 6.  


 Figure 6 CSI-RS transmission in PDCCH  region
Proposal 7：CSI-RS transmission can be considered in PDCCH region.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we analyse CSI-RS for beam management and provide the following observation and proposals:
Observation：UE-group specific CSI-RS for beam sweeping saves the overall CSI-RS overheads and reduce the latency of any UEs through configuring full or part of CSI-RS resources for more than one UE.
Proposal 1： NR should support CSI-RS ports partial QCLed, i.e., w.r.t only spatial QCL parameter at UE sides, associated with reference beam(s)/port(s) of mobility RS, cell-specific RS or CSI-RS at certain time unit(s).
Proposal 2：Adopt multi-level CSI-RS design in NR
Proposal 3：To introduce TRP-side spatial parameters into QCL assumption for indicating that different antenna ports have the same Tx precoding and beams.
Proposal 4： CSI-RS setting should include parameters of port density and measurement restriction setting. 
Proposal 5:  CSI-RS with different numerologies should be considered in NR.
Proposal 6：CSI-RS transmission can be considered in PDCCH region.
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