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1 Introduction

In this contribution, the initial consideration on link budget information is provided.
According to Report ITU-R M.2411, the proponent of IMT-2020 should provide link budget template to ITU-R as one of the submission templates to complete Step 3 of IMT-2020 evaluation and submission process. The study of self evaluation of IMT-2020 therefore includes link budget as one of its objectives.
In this contribution, we discuss some important aspects of link budget evaluation.

2 Link budget template 
The link budget template is provided in Section 5.2.3.3 in Report ITU-R M.2411. Complete table is provided for proponent to fill in the information. The downlink and uplink physical channel link budgets are to be provided, with the information on the following aspects

· System configuration

· Carrier frequency

· Cell area reliability

· Transmission bit rate / Target packet error ratio
· Etc.
· Transmitter side information
· Number of transmitter antennas

· Maximal transmit power per antenna

· Transmitter antenna gain

· Transmitter array gain

· Etc.

· Receiver side information
· Number of receive antennas

· Receive antenna gain

· Receiver interference density

· Required SNR

· Etc.

· Other information related to channel model

It is observed that the link budget template covers most of the aspects that are needed to provide the information. The following sections discuss the detailed considerations on this template and link budget evaluation.

3 Discussions
3.1 Physical channels for link budget evaluation
It is noted that NR design introduced some new aspects, including the beam management. This may impact the link budget analysis.
On the other hand, the beam management is introduced in synchronization signal and broadcast channel design. It would be good to provide link budget information on these physical channels to demonstrate the good coverage of these new design. Therefore, it is proposed to take into account the following physical channels in link budget information.

Proposal 1: Provide the link budget information of PBCH, PDCCH, PDSCH for downlink; and PUCCH and PUSCH for uplink.

3.2 Consideration of beam management

As mentioned in previous sub-section, beam management is introduced in NR design. It is a mechanism for massive MIMO system that achieves wide area coverage by employing and sweeping the directional narrow analog beams.
In this case, the transmit antenna array gain should take into account the capability of beam sweeping. For example, in the following figures, it is shown that the same UE would see different transmit antenna array gain under different beam sweeping capabilities. 
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(a) One analog beam                                   (b) Three analog beams

Figure 1 Illustration of antenna array gain in case of analog beamforming (beam management)

It is noted that the transmit array gain is composed of two parts: array gain due to analog beamforming (denoted as Gtx_abf), and array gain of digital beamforming (denoted as Gtx_dbf). The total transmit array gain Gtx_array is given by 

Gtx_array = Gtx_abf×Gtx_dbf. 







(1)

The capability of beam sweeping will impact the value of Gtx_abf. 

Figure 1 illustrates two example systems. In Figure 1(a), the system only has one analog beam. In Figure 1(b), the system has three analog beams. 

For the i-th UE in either Figure 1(a) or (b), the maximum array gain due to analog beamforming is 
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 is the directional gain of the n-th analog beam at the elevation  and azimuth  (  and   are in the localized coordinate system of the transmit array); i and i  are the elevation and azimuth angle of the i-th UE, and N is the number of analog beams.

Obviously, for UE#1, GTx_abf(1) would be quite low (say, less than -10dB) in the system as shown in Figure 1(a). However, GTx_abf(1) would be approaching 0dB (assuming the maximum analog beamforming gain is 0dB) in Figure 1(b). Consequently, one can get the CDF distributions on UE’s Gtx_abf(i), depending on the system’s beam sweeping capability. The 50%-tile or 5%-tile point of the CDF of UE’s Gtx_abf(i) can be used as the value of Gtx_abf in equation (1) to derive transmit array gain. The value of Gtx_abf will be quite different for Figure 1(a) and Figure 1(b).

Similar approach can be applied to receiver array gain calculation.

Proposal 2: Take into account the beam management when deciding transmitter / receiver array gain in link budget evaluation.
4 Conclusions
In this contribution, the consideration on link budget is provided. The following proposals are made.

Proposal 1: Provide the link budget information of PBCH, PDCCH, PDSCH for downlink; and PUCCH and PUSCH for uplink.
Proposal 2: Take into account the beam management when deciding transmitter / receiver array gain in link budget evaluation.
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