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1 Introduction
During RAN1#85, RAN1 captured the following agreements regarding single/multi-beam based operations [1]: 
Agreements:
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS

· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible

This contribution discusses the specification support for providing necessary measurement in single-beam and multi-beam operations in NR.
2 Required measurements in NR
The cell specific reference signal (CRS) in LTE is designed to support multiple roles as listed below:

· Demodulation for downlink physical channels coherently (e.g., PDSCH, PBCH)
· Time/frequency synchronization tracking

· CSI acquisition
· Mobility support

In NR, it is important to minimize ‘always ON’ signals for the purpose of maximizing forward compatibility. Therefore, consolidating all of the above roles into a single reference signal which requires constant transmission would be something to be avoided. Instead, the above roles could be supported using different signals so as to minimize unnecessary transmissions. For example, if dedicated demodulation reference signal is used to support data demodulation, its transmission will be limited to TTIs where there is downlink data transmission (i.e. no transmission when there is no downlink data transmission).
Another important role of CRS in LTE is to provide measurements for mobility support. In LTE, a UE measures the signal strength/quality (e.g. RSRP and RSPQ [2]) of a particular cell based on it CRS. Likewise, NR would need to support a framework that would allow a UE to take similar measurements. Furthermore, design of NR specification would have to consider multi-beam mode of operation in addition to conventional single-beam operation. Multi-beam operation is typically used for higher frequency bands where eNBs rely on hybrid beamforming to compensate for the large pathloss typically experienced in these bands. In multi-beam operation, it is important that a UE be able to measure the quality of different beam directions. It is only with such measurements that a ‘preferred’ beam direction be selected for a particular UE. Without such measurement, it would not be possible to align the eNB and UE’s beam direction to obtain the maximum possible gain.

Observation: ‘Always ON’ signals should be minimized in order to maximize forward compatibility for NR. For example, rather than having a reference signal similar to CRS, multiple reference signals could be used to serve different roles. In particular, it would still be necessary in NR to support measurements for mobility purposes (ex: RSRP/RSRQ in LTE). Furthermore, considering multi-beam operation, NR should support means to measure different beam directions.
Table 1 summarizes the necessary specification support for single and multi-beam operations.

Table 1. Summary of measurements for mobility and multi-beam operation
	Type
	Measurement for mobility support
	Measurement for beam quality assessment

	Single beam operation
	Specification support required
	Specification support NOT required

	Multi-beam operation
	Specification support required
	Specification support required


As summarized in Table 1, measurement for mobility support needs to be specified for both single beam and multi-beam operations whereas measurement for beam quality assessment is required only for multi-beam operation.
Specification to support measurement for mobility support and beam quality assessment can be designed with a common signal or with separate signals. In any case requirements to achieve sufficient measurement accuracy should be considered. For example, measurement for mobility support should be designed such that adequate time and frequency domain averaging of the wireless channel is possible. Measurements sensitive to small scale channel variations in the time or frequency domain would not be desirable. In order to meet this requirement, the signal used to take measurement for mobility support should have sufficient bandwidth and transmitted periodically across the time domain.
Proposal 1: The signal used to take measurement for mobility support should be designed such that adequate time and frequency domain averaging of the wireless channel is possible. 
In multi-beam operation, a UE needs to be able to measure the quality of different beams steering into different directions. In order to do this, the following specification should define a signal on which beam quality measurement can be taken and means to distinguish different beams. For example, means to distinguish different beams could be supported in the form of ‘Beam IDs’ where measurement signals are transmitted through different beams that are depending on the value of these ‘Beam IDs’. Following points should be further considered in design such specification support:
· The maximum number of beams that need to be distinguished (i.e., range of ‘Beam ID’)
· The method of distinguishing different beams (ex: sequence, time/frequency resource, DCI, etc.)

· The amount of time/frequency resources within a frame for distinguishing different beams
Proposal 2: For multi-beam operation, specification support should be designed such that a UE can distinguish different beams when taking beam quality measurement. 
A general design principle to consider is whether to introduce a single specification mechanism that will allow measurement for both mobility support and multi-beam assessment or have dedicated specification mechanisms. These options are summarized below:

· Alternative 1: Measurement for mobility support and multi-beam assessment are supported using the same specification mechanism
· Commonality will be maintained between single and multi-beam operation but it would be difficult to optimize for both

· Alternative 2: Measurement for mobility support and multi-beam assessment are supported using separate specification mechanism
· Specification design could be optimized for more efficiently for single and multi-beam operation but with less commonality

As summarized above, there are different ways of designing the specification to accommodate measurement for mobility support and multi-beam assessment. Alternative 1 will provide a common mechanism that works for both single and multi-beam operation but it would not be possible to optimize for both. For example, in single beam operation, any specification support for assessing the quality of multiple beams would be unnecessary.
Proposal 3: Whether to introduce a single specification mechanism that will allow measurement for both mobility support and multi-beam assessment or have dedicated specification mechanisms should be further studied.
3 Conclusions
This contribution discusses how to support measurement for both on single-beam based and multi-beam based approaches. The observations and proposals of this contribution are summarized below:

Observation: ‘Always ON’ signals should be minimized in order to maximize forward compatibility for NR. For example, rather than having a reference signal similar to CRS, multiple reference signals could be used to serve different roles. In particular, it would still be necessary in NR to support measurements for mobility purposes (ex: RSRP/RSRQ in LTE). Furthermore, considering multi-beam operation, NR should support means to measure different beam directions.

Proposal 1: The signal used to take measurement for mobility support should be designed such that adequate time and frequency domain averaging of the wireless channel is possible. 
Proposal 2: For multi-beam operation, specification support should be designed such that a UE can distinguish different beams when taking beam quality measurement. 
Proposal 3: Whether to introduce a single specification mechanism that will allow measurement for both mobility support and multi-beam assessment or have dedicated specification mechanisms should be further studied.
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