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1 Introduction

At RAN1#86 meeting [1], it was agreed that:
· Study RS pattern for CSI measurement in NR both for DL and UL 

· Study the density of RS 

· Study the position of RS in the [subframe] 

· Study the mapping of RS in one or several symbols
· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control 
In this contribution, we discuss the types and design principles of NR DL RS for CSI acquisition and beam management.  
2 DL RS types for CSI acquisition and beam management
In RAN1#86, procedures of DL beam management have been agreed to enable UE measurement on the selection or change of TRP Tx beam or UE Rx beam. The feedback contents to be supported in beam measurement depend on the functionalities of beam management to be supported in NR. One functionality could be assisting RRM measurement within a cell, for which the preferred index(es) of RS resources/ports, each transmitted with one or more dedicated beams, is reported together with the received signal power on the selected beam(s). Another functionality of beam management could be supported is link adaptation for beam based data transmission, which requires the feedback of the RS resource/port index(es) and RI/CQI corresponding to the preferred beam(s). 
Proposal 1: Beam measurement for intra-cell RRM and data transmission should be supported in NR.
For Rel-13 class B based CSI acquisition, when K>1 CSI-RS resources are configured,  each resource corresponding to a group of beams, UE selects the one with preferred beams based on the measurement on these CSI-RS resources, feeds back the resource index and the corresponding CSI (e.g. RI/PMI/CQI). Similar procedure as class B can be considered for DL beam management to measure the preferred beam(s) and the corresponding CSI (e.g. RI/CQI). In this case, beam measurement for data transmission can be seen as a part of CSI acquisition framework, and the related feedback is a type of implicit CSI feedback. 
In LTE/LTE-A, CSI-RS can be used for both RRM measurement and CSI acquisition. Similarly, NR CSI-RS can be considered for CSI acquisition and beam management. It provides network the implementation flexibility to execute the two operations on demand. For example, in low frequency band with digital beamforming, CSI acquisition itself could be sufficient for data transmission as in LTE/LTE-A, without the necessity of beam management operation. Different design principles and configurations of NR CSI-RS may be required for CSI acquisition and beam management; therefore, configurable pattern needs to be studied to support various applications of NR CSI-RS.
Besides of NR CSI-RS, other RS type can be considered for beam management as well. For example, demodulation RS can be used to measure the quality of current serving beams, according to which the procedure of beam measurement may be simplified.
Proposal 2: NR CSI-RS can be used for CSI acquisition and beam management with the support of configurable patterns.
3 Design principle of NR CSI-RS
3.1 NR CSI-RS Sharing
From the network perspective, the design of NR CSI-RS could be UE-dedicated, shared, or hyper-cell based [2]. The shared approach is a generalized one supporting several sets of NR CSI-RS, each is shared by a group of UEs. UE-dedicated approach can be viewed as one special case of the shared approach, when only one UE is included in a UE group. And hyper-cell based approach is another special case, in which only one group of users exist in a hyper cell.
In the shared approach, a group of UEs residing in the same vicinity sharing the same or overlapping TRP set (or traveling together) share the same set of NR CSI-RS. The set of NR CSI-RS are semi-statically configured to a group of UEs while the set is still suitable for the UEs. As the UE moves away and its TRP set evolves away from the rest of the UEs sharing the same set of NR CSI-RS, it may be assigned to a different set of existing shared NR CSI-RS and if not available, a set of new NR CSI-RS is created. Such NR CSI-RS may be released if the load associated with the corresponding TRP set decreases. 
Methods should be investigated to allow UEs from different groups utilizing the same RS time/frequency resources while mitigating the interference introduced thereof. One method could be considering UE-group based sequence design for NR CSI-RS. In addition, if the beams from different TRP sets can be spatially separated, the same time/frequency resources and sequence may be reused. Therefore, the coordination schemes should be studied among neighboring TRPs on the beam directions of NR CSI-RS. 
Proposal 3: Sharing of NR CSI-RS by a group of users should be supported.
Proposal 4: Methods should be studied to mitigate the interference among CSI-RS(s) for different user groups mapped on the same time/frequency resources.
3.2 Multi-step NR CSI-RS
NR CSI-RS may be configured in two or more steps for a variety of different scenarios. Depending upon the scenario used, these multiple steps may have different requirements and the configuration for CSI and UE feedback may have different parameters. We briefly explain below some examples of different scenarios for multi-step CSI configurations. 
3.2.1 Multi-step CSI measurement 

A two-step CSI measurement and reporting can be used for massive MIMO with dynamic spatial dimension reduction (DSDR) especially at sub-6GHz frequency band [3][4], as illustrated in Figure 1, each step corresponding to one of the two precoding stages.
· First-step RS configuration for wideband/long-term channel statistics information
TRP configures RS measurement on wideband and long-term channel statistics information, then UE estimates and reports the corresponding explicit CSI, such as channel covariance matrix. The channel covariance matrix can be retrieved by Kronecker product of multiple sub-channel covariance matrices. So the first-step CSI measurement and reporting can be divided into several steps on RS configuration, measurement and reporting for these sub-channel covariance matrices [4].
· Second-step RS configuration for subband/short-term instantaneous CSI
TRP configures RS measurement on subband/short-term instantaneous channel with a reduced dimension based on DSDR, then UE estimates and reports the corresponding CSI, either in implicit or explicit feedback.
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Figure 1. Procedure of multi-step CSI measurement
3.2.2 Multi-step beam measurement
For link budget limited scenarios (i.e. above 6 GHz), where beam-formed NR CSI-RS will be needed to enhance coverage, it will be very important to keep the overhead and required resources for beam-formed NR CSI-RS (beam-formed in the required set of directions) to a reasonable level. 

This will be especially important for the case of 3D beam-forming, where the set of required directions, includes both azimuth (horizontal) and elevation (vertical) directions. If the TRP transmits beam-formed NR CSI-RS in every possible azimuth and elevation direction for exhaustive search on the optimal 3D beam, the overhead would be far too excessive. 
To achieve a better tradeoff between overhead and performance, a multi-step NR CSI-RS configuration can be considered as shown in example Figure 2, where each step corresponding to a beam measurement across a specific plane. In the first step, TRP configures CSI-RS for the measurement on narrow horizontal beams, together with a wide vertical beam, then UE selects and feeds back the NR CSI-RS resource(s)/port(s) corresponding to the best horizontal beam(s). In the second step, measurements on the narrow vertical beams are  further performed on the chosen horizontal beam(s), the UE then determines and reports the best vertical beam(s) and RI/CQI to assist data transmission. Each of the two steps may also have further embedded multiple steps in each   plane to enable beam refinement in different levels. These further embedded steps may or may not require additional UE feedback.
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Figure 2. Procedure of multi-step beam measurement
In the above multi-step schemes of CSI or beam measurement and reporting, configurations on NR CSI-RS resources for the different steps should be further studied. A joint configuration has less signaling overhead, however it’s beneficial to consider separate configurations for flexible configuration of RS and CSI report. The CSI feedback type (e.g. explicit feedback, implicit feedback) in each step can be configured semi-statically or dynamically. 
Proposal 5: Configuration on NR CSI-RS for multiple-step CSI/beam measurement should be studied.
3.3 NR CSI-RS based interference measurement
Interference measurement is crucial to link adaptation quality. However, in the current interference measurement mechanism, link adaption always suffers the mismatch between measurement time and reporting time due to the dynamic variation of the interference. One efficient way to mitigate this mismatch is to probe the interference of subframe n+L at subframe n by mimicking scheduling of subframe n+L. However, if reusing the ZP CSI-RS introduced in LTE Rel-10 for interference measurement in the pre-scheduling mechanism, multiple ZP CSI-RS resources to capture different aggressor UE’s interference needs to be configured and the overhead will increase dramatically. It should be noted that the aggressor UE can be from the same or different TRP.
In this sense, NZP CSI-RS is motivated to be introduced for interference measurement as all UE’s NZP CSI-RS can be aligned in the same resource. Each UE acquires the channel information based on the channel estimation and then subtract it with the received signal to get the interference information. However, when the interference on the NZP CSI-RS is strong，the channel estimation accuracy will suffer from it. Consequently, it will degrade the CSI measurement performance. To enable the flexible tradeoff between the RS overhead and interference reduction, a RS pool shared for channel and interference measurement are proposed. As an example shown in Figure 3, a RS resource pool comprising of port 0~port 3 is configured for both channel and interference measurement. For UE1, it suffers the interference coming from UE2 and UE3.The interference includes the strong interference from UE2 and the week interference from UE3.To avoid suffering from the strong interference from UE2, the ZP CSI-RS of UE2 is configured with the same resources of NZP CSI-RS for UE 1.On the contrary, the NZP CSI-RS can share the same resource between UE1 and UE3 as the interference between them are weak interference. Given that, NZP CSI-RS of port 0 within this RS resource pool is configured for channel estimation for UE1.The whole RS resource pool comprising both NZP and ZP CSI-RS is used for interference measurement for acquiring the interference from UE2 and UE3.
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Figure 3. Multiplexing of ports for concentrated mapping of NR CSI-RS
Proposal 6: A unified RS resource pool of NZP CSI-RS and ZP CSI-RS for both channel state and interference measurement for CQI feedback should be studied.
3.4 Pattern of NR CSI-RS
This subsection discusses the general design principles of NR CSI-RS in terms of sequence, mapping position, port multiplexing and density, in which the common and different requirements are stressed for CSI acquisition and beam management. Configurable patterns are allowed for the different functionalities and different use cases considering mobility and CSI feedback type required.
· Mapping position
For beam management, the RS design should support analog and hybrid beamforming as well as digital beamforming. FDM of NR CSI-RS and data is better to be minimum, since it may bring negative influence of analog beam sweeping on data transmission. Therefore, resources of NR CSI-RS and data should be strived for TDM as much as possible. In addition, to enable fast beam measurement, mapping of the RS resources is preferred to be concentrated on one or multiple contiguous OFDM symbols. 
For CSI acquisition, the mapping of NR CSI-RS is related to whether the analog beam used is the same as the one for data transmission. If the same analog beam is used, or only full digital beamforming is employed, both FDM and TDM of the resources for channel measurement and data can be considered to achieve accurate CSI estimation. However, if different analog beams should be supported, the mapping principle of NR CSI-RS is the same as in beam management, TDM with data and concentrated in contiguous OFDM symbols.
In addition, for both beam measurement and CSI acquisition, to realize self-contained measurement and reporting, NR CSI-RS is preferred to be configured in the earlier part of a time interval.
· Multiplexing of ports
To adapt to the concentrated mapping of NR CSI-RS, the multiplexing of different RS resources and different ports per RS resource should be further studied. It’s beneficial to configure the REs for the same port per RS resource within the same OFDM symbol to limit the total symbol number for analog beam sweeping. FDM/TDM/CDM of multiple ports can be considered, with some examples illustrated in the Figure 4.
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Figure 4. Multiplexing of ports for concentrated mapping of NR CSI-RS
· Density 
For beam measurement based intra-cell RRM, lower density in frequency and longer periodicity in time could be sufficient for the transmission of NR CSI-RS, compared with the resources needed to acquire accurate link adaptation for data transmission. 
For higher number of ports, reduced density could be considered to control the overhead of NR CSI-RS. But to keep high CSI resolution, more mapping resources are required. Hence, the RS pattern design for higher port number should take into consideration the tradeoff between overhead and CSI or beam measurement accuracy.  
To achieve various requirements on CSI acquisition accuracy, configurable density needs to be supported in NR. For example, for the two-stage precoding scheme based on DSDR [3][4], a lower density of RS is sufficient for the first-step CSI measurement on wideband/long-term channel statistics information, while the second-step measurement on subband/short-term instantaneous channel requires more accurate CSI thus higher density of RS may be needed.
Therefore, the requirements on the density of NR CSI-RS may be different for different functionalities, different port numbers and different feedback types. Configurable density of beam measurement RS should be supported in NR.
· Bandwidth and triggering

In the case there are FDM UE transmissions, the CSI-RS transmitted for the purpose of beam management should be confined within the frequency range allocated to the UE. In this way, the CSI-RS configured for one UE is transparent to other UEs, e.g. no rate matching is required..

For UEs experiencing different scenarios, e.g. different mobility, with or without rotation and etc, the triggering of NR CSI-RS for beam management should be adaptive and fast enough in addition to periodic transmission. To support dynamic triggering, fast triggering mechanism, e.g. through DCI, could be considered.
Proposal 7: Following design principles of NR CSI-RS pattern should be supported in NR.
· NR CSI-RS should be mapped on one or a few consecutive symbols when analog beam switching/sweeping is needed.
· NR CSI-RS can be configured in the earlier part of a time interval for fast CSI/beam measurement and reporting.
· Configurable density of NR CSI-RS should be supported.
· NR CSI-RS transmission confined within UE specific frequency range should be considered.
· Dynamic triggering of NR CSI-RS should be considered.
4 Demodulation RS assisted DL beam management
In beam management based only on NR CSI-RS, TRP can only acquire the preferred beam information based on UE’s feedback. In this case, to achieve fast beam tracking, network needs to frequently configure beam measurement, resulting in considerable RS overhead and feedback overhead.

To resolve this issue, demodulation RS can be considered to assist beam management. From demodulation RS, the quality of current serving beams on data transmission can be measured accurately. Once UE monitors a significant drop off on serving beams, it may trigger a procedure of beam measurement. In addition, by comparing the qualities of current serving beams and the candidate beams measured from NR CSI-RS, UE may only feedback the preferred beam information when the candidate beams are better and current serving beams need to be changed. Therefore, the feedback overhead can be reduced compared with NR CSI-RS only based scheme. In this scheme, shared resources may be considered for beam measurement and data demodulation for scheduled users, in which a partial of the ports configured for beam measurement, may be reused for data demodulation. 
Proposal 8: DL beam management in NR can be assisted by DL demodulation RS in addition to NR CSI-RS.
5 Conclusion

In this contribution, we discuss the DL RS types used for CSI acquisition and beam management. A common NR CSI-RS is strived for both functionalities, and the design principle and configurations are discussed accordingly. In summary, the following observations and proposals are made.
Proposal 1: Beam measurement for intra-cell RRM and data transmission should be supported in NR.
Proposal 2: NR CSI-RS can be used for CSI acquisition and beam management with the support of configurable patterns.
Proposal 3: Sharing of NR CSI-RS by a group of users should be supported.
Proposal 4: Methods should be studied to mitigate the interference among different CSI-RS mapped on the same time/frequency resources.
Proposal 5: Configuration on NR CSI-RS for multiple-step CSI/beam measurement should be studied.
Proposal 6: A unified RS resource pool of NZP CSI-RS and ZP CSI-RS for both channel state and interference measurement for CQI feedback should be studied.
Proposal 7: Following design principles of NR CSI-RS pattern should be supported in NR.
· NR CSI-RS should be mapped on one or a few consecutive symbols when analog beam switching/sweeping is needed.
· NR CSI-RS can be configured in the earlier part of a time interval for fast CSI/beam measurement and reporting.
· Configurable density of NR CSI-RS should be supported.
· NR CSI-RS transmission confined within UE specific frequency range should be considered. 
· Dynamic triggering of NR CSI-RS should be considered.
Proposal 8: DL beam management in NR can be assisted by DL demodulation RS in addition to NR CSI-RS.
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