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1. Introduction and background
The objective of the new Study on Scenarios and Requirements for Next Generation Access Technologies [1] is to develop deployment scenarios and requirements of next generation access technologies, and to provide guidance to the technical work to be performed in RAN WGs. According to the time plan, RAN high-level requirements and high-level deployment scenarios need to be completed by March 2016 (RAN #71) and is planned to be submitted to the ITU-R WP5D for information. This contribution discusses a proposed set of scenarios and requirements and how they can be met by introduction of new radio technology components.
In the IMT Vision recommendation [4], ITU-R developed a framework for the next generation of IMT-systems, called IMT-2020. The Vision recommendation identifies a set of user trends and usage scenarios for future IMT systems. It gives a first high level guidance for IMT-2020 requirements by introducing a set of key capabilities, with indicative target numbers. There are a total of 13 capabilities identified in the document, where eight are selected as key capabilities as illustrated in Figures 1 and 2.  The first figure illustrates the target numbers for the key capabilities and their evolution from 4G to 5G. The second figure illustrates how each key capability relates to the three usage scenarios: Enhanced Mobile Broadband (eMBB), Massive Machine-Type Communications (mMTC) and Ultra-Reliable and Low Latency Communications (URLLC).
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 Figure 1: Key capabilities of IMT-20210 (from [4])
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Figure 2: Relation of IMT-2020 key capabilities to usage scenarios (from [4])
ITU-R WP5D is presently initiating the process of setting requirements and defining evaluation methodologies for IMT-2020 systems. The first WP5D meeting for this work will be in February/March 2016, and the process will continue until mid-2017.  
The evaluation of candidate radio interface technologies in ITU-R is expected to be conducted in a way similar to the evaluation done for IMT-Advanced, where the requirements were documented in Recommendation ITU-R M.2134 [5] and the detailed evaluation methodology in Recommendation ITU-R M.2135 [6]. The submission from 3GPP of LTE-Advanced as an IMT-Advanced technology is documented in TR 36.912 [2], including the self-evaluation of IMT-Advanced in relation to the ITU-R performance requirements. The set of 3GPP-internal requirements for LTE-Advanced are in TR 36.913 [3], where these requirements in some cases have a larger scope and may also be stricter than the ITU-R requirements.
The present TR being developed for the ongoing RAN study item corresponds largely to TR 36.913 [3] for LTE-Advanced. As for the case of the IMT-Advanced evaluation, the corresponding 3GPP evaluation of the next generation radio access could have a larger scope and may have stricter requirements than the ITU-R evaluation of candidate IMT-2020 radio interface technologies. It is essential that the ITU-R evaluation is kept at a reasonable complexity, in order to complete the work on time and for also external evaluation groups to be able to participate in the evaluation.
2. Performance Measures and Requirements

As expressed in the IMT Vision recommendation [4], the different usage scenarios for IMT-2020 will require large improvement for the relevant key capabilities compared to IMT-Advanced, including very high data rates, very low latencies and very high capacity and spectral efficiency. This should also be reflected in the requirements put on the next generation radio access in 3GPP. 
A proposal for technical performance requirements and deployment scenarios based on the IMT-2020 key capabilities is given in the multi-company text proposal in [7]. The set of requirements and their values are selected in order to make the new radio efficiently support the eMBB, mMTC and URLLC usage scenarios. It is also important that the requirements are reachable. This is further discussed in Section 4. An overview of the proposed performance measures and the related deployment scenarios proposed is given below in Tables 1 and 2, including proposed requirement levels. Further details on the proposed requirements are presented in [7].
Table 1: Proposed technical performance requirements (from [7])

	Performance Measure
	Requirement
	Comment

	Peak spectral efficiency
	DL: 30 bps/Hz
UL: 15 bps/Hz
	

	Bandwidth
	TBD
	

	Peak data rate
	DL: 20 Gbps
UL: 10 Gbps
	Peak data rates may not be reached at all frequencies and only in some usage scenarios.

	Control plane latency
	10 ms 
	Detailed definition to be discussed

	User plane latency, one-way
	1 ms
	Based on IMT-Advanced definition.

	Mobility interruption time
	0 ms
	

	Mobility
	Up to 500 km/h
	

	TRP spectral efficiency
	[3x IMT-A requirement]
	Value depends on deployment scenario

	User spectral efficiency at 5% percentile
	[3x IMT-A requirement]
	Value depends on deployment scenario

	Area traffic capacity
	Report value, no requirement
	Spectrum and site density not in control of proponent. 

	User experienced datarate
	Report value, no requirement
	Spectrum and site density not in control of proponent. 

	Connection density
	1,000,000 devices/km2
	Fulfilling a specific QoS

	Coverage 
	164dB coupling loss
	Coverage for 160bps, for MMTC

	Battery life
	10 years
	200B/day UL, 5Wh, as in TR 45.820

	Reliability
	1-10-5 in 1ms
	Mainly for URLLC

	NW energy efficiency
	Qualitative KPI (ffs.)
	Consider evaluation by inspection, with optional quantitative evaluation

	UE Energy efficiency
	Qualitative KPI (ffs.)
	

	Inter-system mobility
	Yes
	Support mobility with at least one other IMT system.

	Bandwidth scalability
	Yes
	

	Spectrum flexibility
	Yes
	

	Support of wide range of services
	Yes
	


3. Evaluation Methodology and Deployment Scenarios

For the Enhanced Mobile Broadband usage scenario and spectrum efficiency requirements, an evaluation through simulations similar to the ones performed for IMT-Advanced are recommended. For Massive MTC, support for a large number of reachable devices and extreme coverage is crucial, whereas it is less obvious that capacity is a bottleneck. As a result, evaluations of the number of reachable devices (connection density) and coverage could be done using an analytical approach and link level simulations respectively. Similarly, for the URLLC usage scenario, the reliability achievable within a certain time and for a certain link quality could be evaluated by means of link simulations.
In order to assess the performance of the next generation radio access, a set of deployment scenarios are needed for the detailed evaluation. For IMT-Advanced, there are four deployment scenarios, each corresponding to a test environment. These four are Indoor hotspot, Urban micro-cell, Urban macro-cell, and Rural macro-cell. The deployment scenarios proposed for the evaluation of the next generation radio access in [7] are an evolution of this set of scenarios, as shown in Table 2. Modifications are done in the evolved scenarios to appropriately model e.g. higher frequency bands and use of large numbers of antennas. 

Table 2: Proposed deployment scenarios (subset of parameters from [7])
	Deployment Scenario
	Indoor Hotspot
	Dense Urban
	Rural
	Urban Macro
(optional)

	Description and objective
	Similar to indoor hotspot for IMT-Advanced, more TRPs. 
Show that high frequencies can be used indoors
	Similar to urban macro-cell for IMT-Advanced, but more dense.
Small cell layer added for data rate and area capacity.
Show that high frequencies can be used in dense outdoor networks
	Similar to rural macro-cell for IMT-Advanced.
Show importance of lower frequencies for coverage
	Characterized by continuous and ubiquitous coverage in urban areas.



	ISD
	20 m 
(12 TRPs in 120x50 m)
	200 m for macro
3 outdoor micros per macro cell
	1732 m
	500 m

	Carrier frequency
	~30 GHz or 
~70 GHz
	~4 GHz and 
~30 GHz
	~700 MHz or 
~4 GHz
	~4 GHz

	Bandwidth, DL+UL
	1GHz
	200 MHz at 4GHz
1 GHz at 30GHz
	20 MHz at 700 MHz
80 MHz at 4 GHz
	200 MHz

	#Antenna elements BS / UE
	256 / 32
	256 / 8  at 4 GHz 
256 / 32 at 30 GHz
	64 / 4 at 700 MHz
256 / 8 at 4 GHz
	256 / 8


4. New Radio Capabilities

This section contains an assessment of the ability of the technology components discussed for the new radio interface to meet the requirements above. The technology components are based on the concept presented in [8]. It is seen that the requirements are very challenging, but could be reachable. In what follows, we go through a subset of the requirements and discuss how they could be reached. 

Higher Datarates and Lower Latencies
To efficiently support datarates of several Gbps, wide bandwidths are important, which are typically found at high carrier frequencies. Due to e.g. phase noise, this calls for a new numerology with wider subcarriers.

Lower latencies can be achieved with shorter transmission time intervals (TTIs) and shorter processing times. This approach is for LTE however limited by the symbol duration. To reach yet lower latencies for next generation radio access, a reduced symbol duration is required. This is well in line with the numerology for higher bandwidths with wider subcarriers. With a reduced symbol duration and TTI, user plane latencies below 1ms should be achievable.

Control plane latencies can further be reduced by a refined state machinery, supporting more users in a certain state, and by limiting the amount of information that needs to be exchanged to (re-)enter a desired state.  

Spectral Efficiency

A key to improved spectral efficiency is more efficient usage of the spatial domain. Reduced interference and extended spatial multiplexing can be achieved with an increased number of antennas and associated processing.

Preliminary results for IMT-Advanced-like scenarios indicate that with a large number of antennas, spectral efficiencies in the order of three times the IMT-Advanced requirements for the corresponding scenarios are reachable. Example results are shown in Figure 1. A setup with 256 antenna elements at the eNodeB and 8 at the UE, and a transmission scheme combining SU- and MU-MIMO is used. Several non-idealities are included, significantly reducing the results from even higher values with ideal models. 
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Figure 3. Example cell spectral efficiency results.
Area Capacity and User Experienced Datarates
Area capacity is determined by spectrum availability, spectrum efficiency, and site density. An increase in spectrum efficiency hence increases the area capacity, as further discussed in [10]. To further improve area capacity, more spectrum and / or denser networks is required. It is important that the standard can be configured for large bandwidths, and supports dense deployment. 

Similarly, consistent user experienced datarates is determined by 5th percentile user spectral efficiency and bandwidth, as further discussed in [10]. An increase in 5th percentile user spectral efficiency hence results in an increase in user experienced data rates.
Coverage

For dedicated signals, user specific beamforming improves coverage significantly, and is a key component to make higher frequencies more useful, as well as to improve range on lower frequencies. For common or broadcast signals, user specific beamforming cannot be used in the same way. A concept that minimizes the amount of broadcast information is therefore very beneficial. The information that still needs to be broadcast must be transmitted very robustly. These are some of the characteristics of the system plane proposed in [8]. For mMTC, robustness through repetitions and low code rate are important components. 
Reliability
An efficient way to improve reliability is through diversity, e.g. in space, frequency and time. A solution that allows retransmissions within the delay budget is beneficial for time diversity, and may improve efficiency. This could be supported using a new numerology with a shorter TTI. 
Energy Efficiency

Energy efficiency is becoming increasingly important and is worth great attention in the development of the next generation radio access. Comprehensive energy efficiency evaluations are quite complex, as network energy efficiency to large extent is dependent on the system load and the behavior at both high and low loads. An example methodology is provided in [9]. This involves segmenting a country into different area types, from rural to dense urban. Each area is then characterized with subscriber distributions, traffic models, propagation characteristics, and deployment and system models. System level evaluations are then run, and activity and power traces are logged. These can then be mapped to power consumption using power models for the equipment used in each area. Finally the results per area are averaged according to a 24h profile and combined into a country-level energy efficiency metric. A subset of the models is illustrated in Figure 2. 
Example results, using the above methodology, comparing the energy consumption of LTE in 2015 with that of the NX new radio concept [8] in 2020, are shown in Figure 2 (right-most subfigure). It is seen that despite a 4 times increase in traffic, a reduction of 55% is achieved.
Deeper analysis of the results reveals that this is due to two effects related to the standard: (i) transmitting efficiently when there is data to transmit, and (ii) not transmitting so much when there is no data to transmit. In particular (ii) is important as it sets the limits for how equipment sleep modes can be designed, which are crucial for the obtained energy savings.   
Given the complexity of comprehensive energy efficiency evaluations, and what the standard can contribute with, it is proposed to satisfy with a qualitative evaluation, inspecting that efficient sleep modes are supported when there is no data. Alternatively, it could be considered setting a requirement on the fraction of time the base stations transmit when there is no data (“duty cycle” in Figure 3), potentially complemented with a minimal length of the silent periods (“DTX” in Figure 3). The efficiency of data transmissions is captured by the spectral efficiency metric. 
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Figure 4. Some model components and results of an energy efficiency evaluation.

[image: image8]
Figure 5. Keys to reduced energy consumption are low duty cycles and long DTX.
5. Summary

The proposed requirements on the new radio involve significant improvements and extensions in capabilities. They are well motivated by enabling the new and improved usage scenarios for IMT-2020. A preliminary assessment indicates that the requirements are very challenging, but could be reached with a new radio concept including the following technology components:

· New numerology with wider subcarriers and shorter symbols to support operation at high frequencies, high datarates and lower latency 

· Support for large number of base station and terminal antennas and associated processing, e.g. beamforming and MU-MIMO, for higher spectral efficiency, area capacity, user experienced data rates and coverage at high frequencies 

· Multi-site and multi-layer connectivity, including aggregation with LTE, e.g. for support of situations with non-full new radio coverage

· A control plane and signaling solution enabling limited number of transmissions when there is no data to improve energy efficiency and enable higher end-user data rates by means of reduced interference 

· A system plane, which allows control plane functionality to be distributes across different nodes, frequencies or even RATs, to enable better coverage and high energy efficiency
· Diversity in space, frequency and time to support ultra-high reliability

The specification and evaluation of such technology components will induce a high work load on 3GPP, but is feasible to do within the time plan. It should be noted that even more stringent targets might jeopardize a timely completion of the work.    
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