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1. Introduction
In RAN1#84b, a broad range of 5G requirements was discussed. Due to the propagation characteristics of high frequency (HF), it is expected that beamforming technology will be used for the new radio (NR). Since, maintaining a sound radio link between UE and cell is critical to the performance of HF-NR systems, reference signals (RS) design became one of the most important component. RS have numerous functionalities, and are essential for initial access, beam alignment, and channel quality measurement. As discussed in contribution [1], RS design approaches needs to studied for the accurate channel information statistics. The dual-level RS design [2] is one of the common approach discussed in many contributions. 
The following was agreed in RAN1#85 [3]:
Agreements:
· Multi-beam based approaches

· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration

· Single/multiple beam can be transmitted/received in a single time instance
· Others are FFS
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS
· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting

· SFN

· Repetition
· Beam diversity (only for multi-beam approach)
· Antenna diversity
· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded
Possible agreements:
· RAN1 to study beamforming for transmitting control message in the multi-beam based approach for NR

· Beamforming that is specific to a UE or group of UEs when transmitting control message (i.e. control transmission)

· Procedures for determining (e.g., through beam training) and changing the beam used for the control transmission

· Procedures may or may not be same as the procedure for determining/changing the beam for data transmission 

· Control transmissions may be in both UL or DL direction

· Procedures when transmitting common control message (e.g. beam sweeping, wide beam)
In this contribution, the design principles of beamformed RS in NR at higher frequencies will be discussed.
2. Discussion

It is prevised that the NR system will be using millimeter-wave (mmWave) frequency bands for data communication. At the mmWave frequencies, the propagation conditions are more challenging and the increasing path-loss in these frequencies is well known. As a result, the HF-NR systems might use beam forming (BF) technology for higher penetration of mmWave signals. Due to the unfavourable propagation characteristics of mmWave bands, the channel quality needs to be measured more often than the microwave based LTE systems. In that case, in NR system, for channel quality measurement, the BS might use a beam sweeping procedure to transmit RS signals to cover the cell area. The NR system might have different types of RS design for channel measurements, such as: a BS might transmit wide beams for sufficiently large geographical coverage; and a BS might need to sweep through the whole desired angular space to reach all UEs using narrow-beam for high penetration so as to compensate the increasing path-loss at higher frequency. However, this two design intrinsically have a trade-off, that, the cell coverage area and the transmission range. The wide beam transmission can provide wider cell coverage while the penetration capacity is reduced; on the other hand, the narrow beam transmission can provider higher penetration while cell coverage area is reduced. As an example, Fig. 1 illustrates the transmission coverage and penetration range of wide beam and narrow beam transmission. For both design options, reducing transmission overhead is an important issue. However, the important concern is here that, the wide beam transmission in control channel may lead to mismatch or incorrect channel quality measurement, assuming data channel transmission is beamformed. Therefore, it is wise to use narrow-beams for channel quality measurements, assuming data transmissions is beamformed. We called the use of narrow-beams in RS measurement procedure as beamformed RS measurement. The discussion on motivating beamformed access in HF-NR systems can be found in contribution [3].
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Figure 1. Transmission range: wide-beam vs. narrow-beam transmissions.

Observation 1: Wide beam transmission yields shorter transmission range and may not provide an accurate channel statistic assuming data transmission is beamformed.

Proposal 1: In HF-NR, the beamformed RS measurement should be considered.
A standalone NR system periodically transmits narrow-beam RS signals, like synchronization signals, in all possible different directions for channel quality measurements as shown in Fig. 2. A sequential beam transmission takes longer time to cover the whole angular space of the cell. It is observed that the channel condition estimation need more frequently than the LTE system as the higher frequency signals are sensitive to blockage against most solid materials. For periodic transmission, the RS transmission period in frame structure may not occur frequently as RS signals are needed to be transmitted in all possible directions. The periodic transmission requires longer duration to repeat a particular direction for transmission, which leads to insufficient RS reception at the receiver at that directions. For high resolution channel measurements, it is essential for the receiver to update the channel condition more frequently.
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Figure 2. Sequential-Periodic RS transmission procedure.

Observation 2: Sequential beamformed RS measurement requires longer duration to cover the whole cell. 
The insufficient RS reception leads to unfair channel statistics as the receiver is not able to update more recent channel information. In that case, it is necessary for the BS to increase the periodicity of RS transmission to address the insufficient RS reception. Hence, when designing a RS measurement policy, it is needed to consider the periodicity of RS transmission/reception.
Observation 3:  Periodic beamformed RS measurements leads to insufficient RS reception which leads to unfair channel statistics.

As discussed above, the sequential-periodic-transmission of narrow RS beams may not be enough to gathered a sound channel statistic. It is clear from the above discussion that a beamformed RS measurement policy need to address the insufficient RS reception to collect a fair channel information. To gather high-resolution and accurate channel quality statistics while covering the whole angular space of the cell, a BS has two options to configured its RS signals. In the first option, a single beamformed RS beam is used to sweep different directions sequentially one-after-another. As a result, this procedure can cover the whole cell area but come with the above-discussed disadvantages. We called this procedure as single-beamformed sweeping. In the second option, multiple beamformed RS beams can be used simultaneously in different directions to sweep through the angular space using non-interfering antenna beams. We called this procedure as multi-beamformed sweeping. This procedure helps the BS to cover a larger geographical area with shorter duration. As a result, the RS reception periodicity is increased at the receiver. However, the transmission range of RS signal is reduced. This two design option is illustrated in Fig. 3. The discussion on transmitting common control message in multi-beam sweeping can be found in contribution [4]. 
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Figure 3: Single- and multi-beamformed sweeping.
The design of RS impacts a lot on its functionalities. The single-beamformed sweeping helps to cover the whole cell area, on the other hand, the multi-beamformed sweeping helps to increase the periodicity of RS reception. Hence, to get fair channel statistics, this two procedure can be used combinedly, depending on the nature of requirements, to address both cell coverage and insufficient RS reception or to increase the RS transmission periodicity.
Proposal 2: In HF-NR, single- and multi-beamformed RS measurement can be considered combinedly.
As illustrated in Fig. 2, in the multi-beamformed sweeping the penetration range is reduced. As an example, the UE located at the cell edge might not able to receive RS signals due to the reduced range as shown in the Fig. 2. Hence, the cell edge UE cannot update the channel information as frequently as the UE which are close to the BS. This leads to an uneven channel learning between far UEs and near UEs. As we can see, this two different beam sweeping techniques can have different property while being used for channel measurements. As a result, there would be still insufficient RS reception situation for the UEs at cell edge, which do not serve the purpose of collecting fair channel statistics. Therefore, the HF-NR system might need to compensate the insufficient RS reception situation due to multi-beamformed sweeping to obtain a fair channel statistic.
Observation 4:  The shorter transmission range of multi-beamformed sweeping leads to insufficient RS situation at the cell edge.
Proposal 3: RAN1 should study method for compensating insufficient RS reception situation at cell edge.
3. Conclusion

In this contribution, the beamformed RS measurement for HF-NR was discussed and we made following observations: 
· Wide beam transmission yields shorter transmission range and may not provide an accurate channel statistic assuming data transmission is beamformed.

· Sequential beamformed RS measurement requires longer duration to cover the whole cell.

· Periodic beamformed RS measurements leads to insufficient RS reception which leads to unfair channel statistics

· The shorter transmission range of multi-beamformed sweeping leads to insufficient RS situation at the cell edge.

Based on the observations, RAN1 is requested to discuss and if possible agree on the following proposals:
· In HF-NR, the beamformed RS measurement should be considered.
· In HF-NR, single- and multi-beamformed RS measurement can be considered combinedly.
· RAN1 should study method for compensating insufficient RS reception situation at cell edge. 
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