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1 Introduction
New Radio (NR) Access Technology Study Item has been approved in the RAN plenary #71 meeting [1]. The scenarios and requirements of the new radio are described in TR 38.913 [2] including: Enhanced mobile broadband, Massive machine-type-communications and Ultra reliable and low latency communications. The detailed objectives of this study item could be found in Annex1.
In RAN4 78bis, there is some initial discussion on the 5G RRM area[3] where the aspects related to RRM and some testing methodology were discussed. In this paper we also present our views and consideration on the RRM study on new radio access technology.
2 Discussion
RAN4 RRM is to specify requirements for support of Radio Resource Management for the FDD and TDD modes. The corresponding requirements are documented in TS 36.133 and TS 25.133 for Evolved UTRA and UTRA respectively. These requirements include requirements on measurements in UTRAN and the UE as well as requirements on both BS and UE dynamical behaviour and interaction, in terms of delay and response characteristics.

Typically the RAN4 RRM work on performance requirements and corresponding conformance tests will be started once RAN1/RAN2/RAN3 et.al. have completed their work or have reached a certain level of stability/progress. It is very difficult for RAN4 to start most of the work because they can only be kicked off with the basic physical framework and the higher layer procedure especially the essential RRC procedures ready. Similarly RAN5 can start their work on UE conformance tests even later, after RAN4 has finished its work on UE requirements. On the other hands it is also expected that RAN4 RRM was involved in the work as early as possible for each feature, i.e. work with RAN1/RAN2/RAN3 from the very beginning for standardization. 
How much RAN4 RRM is involved in the work depends on whether it is SI or WI, the standardization progress of physical layers and higher layers, etc. If it is only one study item less RAN4 RRM work will be foreseen. Currently the RAN related 5G work has been just triggered in RAN1/2/3/4 following the establishment of study item.   

There are two kinds of work related to RAN4 RRM as follows.

· RRM work dependent to other working groups
· RRM work within RAN4 internally
Regarding the RRM work dependent other working groups e.g. RAN1/RAN2/RAN3 the RAN4 RRM work will be started only there is some progress in physical layer and higher layer procedures. Though the basic 5G physical layer and higher layer framework are not clear and under study in RAN1/2/3 it is with large probability that the basic RRM procedure as follows could be reused. We give some initial analysis on the RRM requirements one by one as below. It should be noted that some new RRM requirements may be introduced in the future.
Cell selection/reselection: The main work can be started once the RRM measurement quantities are determined in RAN1 and the basic cell selection/reselection procedures are finalized in RAN2.
Handover delay: The 5G mobility procedure may be revisited and updated to fulfill the 0ms interruption time and significantly stringent C-plane and U-plane latency as requested in [2]. The RRM related requirements for handover can only be started once there are some agreements in the whole 5G architecture and the mobility framework for 5G in other working groups.

RACH: it is expected the legacy RACH procedure will be revised and optimized for 0ms interruption and C-plan activation time. More specifically there is much room for RACH improvements due to the small data transmission for future mMTC related service. This will finally have impacts to the requirements for RACH in RAN4 RRM.

RRC procedure related requirements: whether the legacy RRC procedures are sufficient to support the 5G system operations or some new RRC procedures will be introduced need further study. once there is some progress in RAN2 the corresponding requirements could be investaged and defined in RAN4 RRM.
Radio link failure: whether there is any radio link monitoring mechanism is not decided now thus the related work can not be started actually.

RRM measurement: it includes whether it is necessary to introduce new physical measurement quantity and what they are. It should be noted that RAN4 could be involved in this work at a early stage to assist RAN1 to down select the possible options because one of the key metrics for physical measurement quantity is reporting delay and measurement accuracy which is implicitly having impacts to the system throughput and the mobility performance, e.g. during R8 LTE standardization such kind of cooperation was conducted [4] between RAN4 and RAN1 on measurement quantity feasibility and UE measurement capability with RAN2[5] via liaison at the early stage of LTE standardization. Certainly once the measurement quantities are decided RAN4 RRM can have simulation campaign and finalize the core requirements for reporting delay and the performance requirements for measurement accuracy.

For the cell identification which is the basic procedure for UE to access the network. The corresponding requirements i.e. the cell identification delay will be defined in RAN4. It is strongly dependent on the physical layer synchronization signal design. Meanwhile it is expected RAN4 to involve to this work especially to the work on the UE power consumptions because the cell identification is running always in UE for neighbouring cell search and tracking and the corresponding power consumption contributes a large part of the UE power consumptions.

Based on the above discussion it is observed that:

Observation1: Most of the RAN4 RRM work dependent to other working groups can be started only if RAN1/RAN2/RAN3 has reached a certain level of stability/progress. The RAN4 RRM work could be triggered by the liaison from other groups at the early stage.
For the RAN4 internal work one of such work is the testing methodology. Due to the potential large number of antenna elements in the future the feasibility of legacy conducted testing methodology need to be reconsidered. There are two kinds of testing methods

· Conducted testing
· OTA testing
Some testing, which is functionality focused, is performed using conducted testing. The most of the RRM test cases are belonging to this kind of testing. During the test the radio transmitters and radio receivers are directly connected using cables. Because the future NR system could be deployed on band below and above 6GHz, at least for low frequency it could be feasible that the legacy conducted testing methodology for RRM TC could be reused as much as possible. On the other hands OTA testing is critical to performance testing of MIMO transmissions, and a number of MIMO OTA test solutions are being proposed in the wireless industry. These solutions must be capable of providing a comparable and efficient platform for testing devices to allow the tester to deliver an accurate good/bad prediction of performance. For the testing above 6GHz or even higher frequency band up to 100GHz the feasibility of using conducted testing may encounter two difficulties: 1) the TRX and antennas are integrated together so there may not be antenna ports available for testing 2) with the large number of TRXs, it is difficult and inconvenient for conducted testing. Though this may be less of an issue for UE because the number of antennas is expected to be much smaller than that of a BS RAN4 should start the study in this area as soon as possible. 

One idea mentioned in [6] was turning the RRM and Demod testing from RF to IF as the typical implementation of mmWave has one IF stage. It should be noted that whether the IF stage will be mandated especially for high frequency e.g. above 6GHz is not clear which needs further study. Even the IF stage could be used for RRM and Demod testing, because the most realistic testing point is based on RF one issue of this method is how to guarantee the RF implementation margin is reflected in the final requirements via IF conducted testing. For example there is about 2dB RF implementation margin in the absolute measurement accuracy requirements. 
It should be noted that most of the RRM testing are functionally performed. The typically conducted testing is an appropriate method for the conformance testing. It is possible that the beamforming gain will also have impacts to RRM requirements as mentioned in [3]. However it is not clear now to say how much the exact impact is. E.g. there are some proposals in RAN2 that the mobility framework may be based on uplink signals which are quite different from legacy LTE. In legacy LTE the mobility is network controlled UE assisted. The UE should monitor the downlink signal such as PSS/SSS and CRS for cell identification and RRM measurements of serving cells and neighbouring cells respectively. The UE may report to the serving cell the corresponding measurement results. Then the network can perform RRM algorithms such as handover decision based on the inputs from UE. Typically the legacy LTE assumes the UE can monitor the downlink signal and only one antenna port is assumed if no additional information was provided in PresenceAntennaPort1. whether this principle is feasible or not for new radio access system is not clear yet. If the beamforming gain could be used in 5G system design especially in the RRM based signal design then the corresponding physical measurement quantity should be updated compared to the legacy LTE like RSRP and RSRQ. If following the legacy LTE only one antenna port is assumed for such measurements then the classical conducted testing can be reused as much as possible. Furthermore if measurement based on uplink signal is assumed in RAN2 finally then the testing methodology and principles will be quite different from legacy LTE. 
Observation2: If downlink measurement based mobility is used then the legacy testing methodology for RRM could possibly be reused to some extent for RAN4 RRM. The possible introduction of uplink-based measurement framework likely to be needed in NR leads to the introduction of new testing methodology which RAN4 RRM should prepare for.
3 Conclusion
This contribution provides the initial analysis on 5G RRM. It is observed that 
Observation1: Most of the RAN4 RRM work dependent to other working groups can be started only if RAN1/RAN2/RAN3 has reached a certain level of stability/progress. The RAN4 RRM work could be triggered by the liaison from other groups at the early stage.

Observation2: If downlink measurement based mobility is used then the legacy testing methodology for RRM could possibly be reused to some extent for RAN4 RRM. The possible introduction of uplink-based measurement framework likely to be needed in NR leads to the introduction of new testing methodology which RAN4 RRM should prepare for.
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5 Annex1: Objective of SI or Core part WI or Testing part WI
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 signaling, 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
