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1. Introduction
In RAN#71 a study item for developing the new radio access technology [1] was agreed. This new access technology should meet the requirements and KPIs captured in [2]. All the requirements and KPIs are not yet finalized, however, some of the information needed to start the technical discussion in the working groups is already included. In this paper we present some of the areas that should be explored by RAN4 in the context of this study item.
2. Discussion
The study item for the development of the new radio access technology was agreed in [1]. The objectives of the study are very broad. Some of the objectives are RAN4 specific, while other objectives are more generic and RAN4 will handle some parts or provide support on topics that are led by other working groups. Overall, RAN4 has to discuss implementation feasibility and how some requirements can be defined in such a way that they are testable and guarantee good system performance.
Below we discuss some general areas that RAN4 will have to explore in this study. These aspects can be discussed in RAN4 with little input needed from other working groups. Other areas and the aspects were in-depth discussions are needed will emerge as the design details become clearer in other working groups. This paper discusses baseband, RF, co-existence and testability separately but many areas will have inter-dependencies.
2.1. Baseband

The new radio is targeting very high data rates, a peak data rate of 20Gbps for DL and 10Gbps for UL. As such, the modem will have to process a very large amount of data. Also, there are some very low latency requirements for certain services. The shortest TTI will likely be a few microseconds or maybe even lower. Under these circumstances, a very quick turnaround (ACK/NAK turnaround or channel feedback would also be in the order of microseconds) will be needed. These requirements will stress the modem processing capabilities and RAN4 should discuss and provide input on the implementation feasibility of very tight processing timelines.

Until now mobility in all 3GPP systems was based on UE measurements and reporting. The UE would have to monitor DL signals from multiple cells and the network would control the UE mobility based on measurement reports. For the new radio, there could be a paradigm change in mobility. The network could track the UE based on UL signals and mobility procedures could be transparent to the UEs. This kind of change would imply that a lot of the RRM procedures are changed, hence, RAN4 would have to study the feasibility. For this kind of study some input from RAN1/2 would definitely be needed.
2.2. RF
In LTE one of the major changes on the RF front was the introduction of flexible bandwidth. The definition of the RF requirements had to be modified to accommodate this major change. The new radio will maintain this kind of flexibility (and probably extend it to even wider bandwidths) and it is likely that the approach to defining the requirements can be mostly reused. The major change expected is in the RF frequencies that will be considered. So far RAN4 has not discussed any requirements for frequencies above 6GHz, for the new radio the frequency bands are expected to go up to 100GHz. These mmWave frequencies have different characteristic (RF components have different characteristics) so RAN4 might have to change the approach to defining requirements in general (e.g. new kind of requirements or existing requirements defined in a different way). Below we discuss the frequency ranges up to 6GHz and above 6GHz separately.
Below 6GHz

This frequency range has been handled in RAN4 until now. The potentially new areas would be wider bandwidth channels, e.g. up to 160MHz. The largest bandwidth handled so far in UL is around 60MHz for 3UL CA so this is a significant difference. RAN4 should study the component behaviour (e.g. PA emissions) for such large bandwidth, develop new simulation models and re-discuss the ACLR models, if needed.

Also, the concept of blocking will likely have to be revisited. Recently, some blocking requirements(narrow band blocking at 85MHz offset) were relaxed for higher frequencies. It would be useful to revisit this and get a better understanding based on actual deployment information. The filters for higher bands with very large bandwidths are not expected to provide much attenuation (if any) in the adjacent channels.
Above 6GHz
As stated above, this will be the new major area that RAN4 will have to explore in the coming years. 
The recent advancements in massive MIMO and antenna array technology are enabling the use of very high frequencies for mobile applications. The difficulties in PA implementation (very low efficiency and low output power) are compensated by the antenna gains. RAN4 will have to study the feasibility of RF components (PAs and antennas) and develop new models for developing the requirements. The concept and definition of ACLR will have to be re-studied considering the PA emissions at high frequencies with very wide channel bandwidths. The UEs will also have multiple antennas and requirements on the antenna systems (similar to AAS for eNB) will have to be developed. ACLR and antenna system requirements will also be discussed in the section on co-existence.
For mmWave frequencies, the channels to be used are expected to be very wide. The filters are expected to provide very little or no rejection in adjacent channels. Hence, the blocking requirements will have to be re-discussed based on the actual frequency bands that are being considered and the adjacent systems. Narrow band blocking will likely have no practical meaning since the systems in these frequencies use wide bandwidths.
2.3. Co-existence

Co-existence studies are fundamental to the development of the requirements since they provide the basis for deriving RF requirements that ensure overall system performance. RAN4 will have to conduct some thorough studies as was the case when LTE specifications were developed.

For co-existence below 6GHz there are no major changes expected. If the ACLR modelling for very wide channels will lead to significant differences compared to what was considered so far in RAN4, some adjustments might be needed.

However, a new methodology for co-existence studies above 6GHz will have to be developed. As stated above, the use of mmWave for mobile applications is enabled by the use of antenna arrays that have very strong directionality. The antenna patterns (beam patterns) will have to be modelled in the co-existence simulations. RAN4 will have to develop some beam patterns and new ACLR models (suitable for very wide bandwidths) to be used together in the co-existence study. The co-existence study will result in some requirements on the beam pattern (e.g. beam width, attenuation at some angular offset) and on ACLR.
2.4. Testing
As already noted in [3], device testing will be challenging for the high frequency bands since antennas will most likely be integrated and there would not be any physical connectors for conducted testing. The aspect of testability is also included in the SID [1] as a key area that has to be studied. It should be noted that the testability of requirements may also influence how the RF requirements are defined so this aspect should be considered early during the discussions.
A typical implementation of mmWave devices is to have an IF stage (frequency around few GHz) and then all the high frequency components (up-converter circuit, PA, antennas) integrated on a separate substrate. For band agnostic tests (such as demod and maybe RRM) it should be studied whether conducted testing by using an input to the IF stage is feasible or not. This approach could simplify the overall testing procedure and only the RF testing would be done at the actual frequency of operation with a different methodology
3. Conclusion

In this paper we presented some general areas that should be studied in the SI for the development of the new radio. These are listed below. Other areas and the aspects that require in-depth studies will emerge as the design details become more mature in other working groups
Baseband

· Feasibility of processing large amount of data (up to 20Gbps) under very tight timeline

· Mobility based on network measurements depending on RAN1/2 design

RF

· Below 6GHz

· Wider bandwidth PA emission modeling

· Blocking requirements for wide bandwidths

· Above 6GHz

· Feasibility and characteristics of RF components

· PA modeling(emissions), ACLR modeling, output power and efficiency

· Requirements on antenna systems (AAS for UEs)

· Wideband blocking

Co-existence

· Below 6GHz

· Current methodology can be reused, ACLR models might need to be updated

· Above 6GHz

· New methodology that combines modeling of beam forming and ACLR

· Output will influence the requirements on beam patterns and ACLR

Testability

· For mmWave devices new test procedures because antennas are integrated and there are no physical connectors for conducted tests

· Explore whether band independent tests(demod and RRM) can be run with IF input
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