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1 Introduction
In RAN#71, a study item was approved for new radio (NR) access technology. In this contribution we provide some initial analysis on RRM issues for the studies on new radio access.
2 Discussion

Objectives for the study are given in [1]. Below we highlight some of the requirements which are relevant for RRM work in RAN4 in the initial study phase.

	The study aims to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. 

The new RAT will consider frequency ranges up to 100 GHz [TR38.913].

Detailed objectives of the study item are:

(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including

· Enhanced mobile broadband

· Massive machine-type-communications

· Ultra reliable and low latency communications 

(2) The new RAT shall be inherently forward compatible

· It is assumed that the normative specification would occur in two phases: Phase I (to be completed in June 2018) and Phase II (to be completed in December 2019)

· Phase I specification of the new RAT must be forward compatible (in terms of efficient co-cell/site/carrier operation) with Phase II specification and beyond, and backward compatibility to LTE is not required
· Phase II specification of the new RAT builds on the foundation of Phase I specification, and meets all the set requirements for the new RAT. 

· Smooth future evolution beyond Phase II needs to be ensured to support later advanced features and to enable support of service requirements identified later than Phase II specification.

(3) Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 

· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain

· Basic frame structure(s)

· Channel coding scheme(s)

· Radio interface protocol architecture and procedures 
· Radio Access Network architecture, interface protocols and procedures, 
Study on the above 2 bullets shall at least cover:
· Study the feasibility of different options of splitting the architecture  into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3];

· Study the alternative solutions with regard to signalling, orchestration, …, and OAM, where applicable [in co-operation with SA5];

· Study and outline the RAN-CN interface and functional split [in co-operation with SA2] [RAN2, RAN3];

· Study and identify the basic structure and operation of realization of RAN Networks functions (NFs). Study to what extent it is feasible to standardize RAN NFs, the interfaces of RAN NFs and their interdependency [RAN3];

· Study and identify specification impacts of enabling the realization of Network Slicing [in co-operation with SA2] [RAN2, RAN3];

· Study and identify additional architecture requirements e.g. support for QoS concept, SON, support of sidelink for D2D [RAN1, RAN2, RAN3].
· Fundamental RF aspects – especially where they may impact decisions on the above, e.g., 
· Study and identify the aspects related to the testability of RF and performance requirements
(4) Study and identify  the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:

· Tight interworking between the new RAT and LTE 

· Interworking with non-3GPP systems
· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands

· [Standalone operation in unlicensed bands is FFS]

· Efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum

· Stand alone operation in licensed bands
Note 1: The scope of Phase I will be determined when agreeing on Phase I WID(s).

Note 2: Stated KPI values and deployment scenarios to be aligned to scenarios and requirement SI outcome

(5) Provide performance evaluation of the technologies identified for the new RAT and analysis of the expected specification work 

(6) Identify relevant RF parameters used to be used for sharing and co-existence studies

(7) Study and identify technical solutions that enable support for wireless relay




In the study item phase it is particularly important to gain understanding of the scope and tasks that need to be done for the specification work so that the specification phases can be performed quickly especially considering the short time during which phase 1 and phase 2 normative specification work needs to be completed 
· Phase I (to be completed in June 2018) and Phase II (to be completed in December 2018)

Next we turn our attention to some of the technical aspects of the work. From an RRM perspective, it is anticipated that new radio will have both a dormant state (analogous with LTE idle mode) and an active state (analogous to LTE RRC connected state). In this contribution we mostly discuss active mode measurements.

Clearly RAN4 work on RRM requirements depends on understanding both the physical layer design (RAN1) and the mobility procedures (RAN2). Nevertheless, it is already possible to consider some aspects of the likely study areas. We anticipate that some relevant high level attributes of the new radio system are
· Beamforming techniques will be used extensively, especially considering the higher frequencies which may be used with the new radio access. From a mobility perspective, beam switching will be an important mobility procedure, and arrays consisting of a large number of antenna elements will be used on both network nodes and user equipment.
· Mobility reference signals should be self-contained components of the beam that do not depend on being used in combination with other signals.

· A lean carrier design should be considered to minimise overhead, supporting a very energy efficient design.
· Where possible, UE transparent mobility procedures should be used, for example for beam switching. This can ensure a robust connection compared with signalling new configurations when beams are switched.
· Both intra-node and inter-node beams will need to be considered in mobility procedures

Proposal 1: RAN4 should discuss the impact of beamforming on RRM requirements

Proposal 2: RAN4 should discuss the impact of lean carrier design on RRM requirements

Proposal 3: RAN4 should discuss the impact of UE transparent mobility procedures on RRM requirements
For these proposals, we provide some initial considerations. It should be emphasised that the purpose of the consideration is to stimulate discussion in RAN4, and to give some insights into possible work areas for new radio access RRM requirements, rather than to give a definitive view.
We assume that beams will include a signal which we refer to as a mobility reference signal (MRS). The MRS may be a self-contained signal which includes sufficient information to perform time and frequency synchronisation and identify a particular beam as well as allowing measurements (such as MRS received power or quality) to be made on the beam for mobility purposes. Moreover, the MRS may be designed as a single purpose signal which means that it can be suitably designed for making measurements. This is one difference from the LTE CRS which is a general purpose signal used for other purposes including channel estimation, CQI estimation and radio link monitoring
 Naturally, the detailed design of MRS will be a task for RAN1.

Following the lean carrier design principle, the MRS should not be transmitted continuously but rather the intention should be only to transmit MRS as much as necessary to minimise overheads. We anticipate that the detailed discussions and decisions on transmission of the MRS will take place in other WG but nevertheless there will be implications for RRM requirements if, for example, UEs do not assume that MRS is always present. 
Following the UE transparency principle, the MRS identity should not be related to a specific cell identity or physical network node, allowing the beam to be transmitted from different sites. The beam identity nevertheless needs to be identified by the UEs measuring it and would need to be included in measurement reports.
At a very high level we anticipate that there will be analogous requirements to many of the LTE RRM requirements, for example we could envisage
· Delay requirements for reporting MRS based measurements 

· Accuracy requirements for reporting MRS based measurements

· Beam switching delay requirements

· Uplink timing requirements

· Beam selection and reselection requirements

In addition, there are likely many more requirements which will be identified during the work and this is not intended to be an exhaustive list. Just to give one possible example, UE transparent mobility procedures may lead to new kinds of requirements (eg compared with LTE handover delay requirements) such as switching a beam without UE knowledge (no signalling) and specifying interruption time. This may be considered a beam switching requirement, but is different from the case where the switching is triggered by a beam switch command. It is likely that many such differences will be identified in the detailed work, which will have impact on the structure and content of specifications.
Considering the use of antenna arrays in the UE, testing issues need to be considered from the beginning of the study and indeed one of the objectives of the SI is to study and identify the aspects related to the testability of RF and performance requirements. One of the issues is that it may not be practical to have physical antenna connectors when there are tens or hundreds of antenna elements and it could then be necessary to perform over the air (OTA) testing to verify that RRM (and other RAN4) requirements are met.
Defining OTA RRM requirements would be a completely new methodology in RAN4 and can be challenging due to eg the additional uncertainties which are introduced by the antenna elements and testing setup. Pragmatically speaking, it is rather likely that conducted RRM requirements and tests will still be important in new radio access. For example, new radio access may also target lower bands where massive antenna arrays are not practical from a technology band, and even on high bands it would be beneficial to have a few antenna connectors exposing some of the antenna element signals. The purpose of RRM tests is not to test beamforming or massive MIMO technology. If we assume that a device implements a large number of antenna elements, the signals from a small subset of representative antenna elements could be exposed in a physical test interface. Checking that such a device is able to measure sufficiently accurately and meet delay requirements when test signals are provided on a subset of antenna elements would significantly progress verifying that the device also works well when the full antenna array is used. While it can be argued that such signals are not representing “real life”, nevertheless there is a need for 3GPP and RAN4 to develop pragmatic test methods and we need to accept that generating fully realistic test signals may not be straightforward for new radio access. RAN4 should also consider whether RRM requirements would be meaningful as OTA requirements, and discuss new requirements and test methodologies which could be used to verify devices in more realistic operating conditions.
Proposal 4: RAN4 should discuss requirements and testing methodology for new radio access RRM tests

It must also be kept in mind, however, that there are other scenarios for new radio access not involving high frequency bands. In those scenarios very large antenna arrays will not be feasible, especially for small mobile devices. So RAN4 should not only work on the high band use case.

When RAN4 started working on LTE in release 8, WCDMA requirements were used as a starting point, and indeed many of the time delays and accuracy requirements even have the same numerical values between 25.133 and 36.133 specifications.  One of the main purposes of this contribution has been to indicate our belief that new radio access will introduce many new methodologies and procedures in the RRM (and other) areas such that a much more fundamental approach will be needed to define the suitable requirements. It is therefore important that RAN4 starts to discuss RRM issues as soon as possible, especially considering the timeline for new radio access. While we recognise that it is difficult to do detailed studies in RAN4 until the physical layer design (RAN1) and mobility procedures (RAN2) are more stable, nevertheless we think it is beneficial if RAN4 starts to consider new radio access RRM requirements at a high level. Possible areas for initial discussions are
· Requirements and testing structure for new radio specifications

· Methodologies for requirements and testing

3 Conclusions

In this contribution we provide some initial analysis on RRM issues for the studies on new radio access. One of the main purposes of this contribution has been to indicate that new radio access will introduce many new methodologies and procedures in the RRM (and other) areas such that a much more fundamental approach will be needed to define the suitable requirements. It is therefore important that RAN4 starts to discuss RRM issues as soon as possible, especially considering the timeline for new radio access. While we recognise that it is difficult to do detailed studies in RAN4 until the physical layer design (RAN1) and mobility procedures (RAN2) are more stable, nevertheless we think it is beneficial if RAN4 starts to consider new radio access RRM requirements at a high level.

Possible areas for initial discussions are

· Requirements and testing structure for new radio specifications

· Methodologies for requirements and testing

Proposal 1: RAN4 should discuss the impact of beamforming on RRM requirements

Proposal 2: RAN4 should discuss the impact of lean carrier design on RRM requirements

Proposal 3: RAN4 should discuss the impact of transparent mobility procedures on RRM requirements

Proposal 4: RAN4 should discuss requirements and testing methodology for new radio access RRM tests
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