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1 Introduction
In this contribution, we summarize the status of agreements in other groups, in relation to RRM requirements, and provide a further discussion on the set and structure of RRM requirements for NR.
2 Status of NR Discussions in Different RAN Groups
Below we provide an overview of the status of NR discussions in different groups, focusing mainly on the agreements that directly impact the RAN4 RRM work.

2.1 RAN1 status
In RAN1#84bis, RAN1 reached some agreements on following aspects [1]:
· General overview of the new radio interface,

· Forward compatibility for the new radio interface,
· Evaluation assumptions for new radio interface,
· Numerology and frame structure,
· Channel coding and modulation,

· Waveform,

· Channel model for frequency spectrum above 6 GHz.

2.1.1 General overview of the new radio interface
Agreements:
· Largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported

· Waveform is based on OFDM 

· Multiple numerologies are supported

· Additional functionality on top of OFDM such as DFT-S-OFDM, and/or variants of DFT-S-OFDM, and/or filtering/windowing, and/or OTFS is further considered
· Complementary non-OFDM based waveform is not precluded for some specific usecases (e.g., mMTC use case)
· Study frame structure(s) supporting at least 
· FDD duplex arrangement
· TDD duplex arrangement
· Downlink transmission

· Uplink transmission

· Sidelink transmission
· Access link

· Backhaul/relay link
· Standalone operation in licensed band

· Non standalone operation in licensed band

· Licensed-assisted operation in unlicensed band
· Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval

· Study enhanced massive MIMO analog/digital/hybrid beam-forming 

· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access
· Study flexible duplex
2.1.2 Forward compatibility for the new radio interface
Agreements:
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:

· Strive for

· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 

· Blank resources can be used for future use

· Minimizing transmission of always-on signals

· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

2.1.3 Evaluation assumptions for new radio interface
RAN1 continues the discussion on evaluation assumptions for the following scenarios: indoor, dense urban, urban macro, rural and high speed train, with detailed assumptions agreements [1]. Also, evaluation assumptions are discussed for multiple access, considering all the three usage scenario families defined in TR38.913 (eMBB, mMTC, and URLLC).
The number of antenna elements being evaluated for TRP: up to 64 Tx/Rx for 700 MHz and up to 256 Tx/Rx for the 4 GHz and above spectrum (4 GHz, 30 GHz and 70 GHz). The number of antenna elements being evaluated for UE: up to 4 Tx/Rx for 700 MHz, up to 8 Tx/Rx for 4 GHz, and up to 32 Tx/Rx for the over-6 GHz spectrum.

2.1.4 Numerology and frame structure

As of the numerology, it was agreed that OFDM is the basis, with a set of candidate carrier spacing configurations including 15 kHz (i.e., LTE based numerology), 17.5 kHz, 17.06 kHz, and 21.33 kHz, which is to be further narrow down. RAN1 also currently assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range, but RAN1 does not assume to apply very low value of subcarrier spacing to very high carrier frequency.

2.1.5 Channel coding and modulation

On channel coding, the evaluation assumptions were agreed together with a listing of the coding schemes to consider. The list includes all the possible candidates, e.g. LDPC, polar code, Turbo code and convolutional code. 

2.2 RAN2 status
In RAN2, no technical agreements, but some principles for further discussions were agreed. RAN architecture split, mobility with beamforming, RRC states are a few of many topics which were discussed [2].
2.3 RAN3 status

In RAN3, RAN-CN interface, tight integrations vs. standalone NR, RAN internal architecture, and network slicing were among the discussed topics [3], with broad sets of different options in the agreements for further analysis.
2.4 RAN4 status

On RAN4 RRM, only one contribution [4] was discussed in RAN4#78bis. In [4], it was indicated that the 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, rather than directly reusing the existing LTE requirements. It was also suggested that although there is a lot of dependency on the outcome of discussions in other RAN groups, some possible areas for initial discussions in RAN4 are:

· Requirements and testing structure for new radio specifications,

· Methodologies for requirements and testing,

· Impacts on RRM requirements of, e.g., beamforming, lean carrier design, and transparent mobility procedures.
On RF, a WF on RF parameters and LS to RAN1 on the parameters for WP5D sharing and compatibility studies were agreed in [5] and [6], respectively.
2.5 Further Discussion on RRM Requirements for NR
2.5.1 Mobility related requirements

The mobility and the related UE states in NR are still under discussion in other groups, but it is likely that there will be idle and active states (e.g., similar to RRC_IDLE and RRC_CONNECTED in LTE) and there may also be some additional (e.g., intermediate) states. The new states may be aiming, e.g., to support faster transitions between the states and the inter-beam mobility which may be intra-node or even inter-node. Furthermore, making mobility transparent to UEs, if agreed, will lead to a set of completely new procedures and requirements. This may also lead to the need to decouple the identity of reference signals used for mobility measurements and specific cell or physical node identity, e.g., allowing a beam to be transmitted from different sites. In addition, we note that also UL based mobility has been discussed for NR, which can also lead to completely new types of procedures compared to the traditional DL based approach. The impact on RRM specifications of these news procedures would also need to be evaluated when further details are available.
· Observation 1: If new RRC states are specified, RAN2 and RAN4 need to decide on the appropriate mobility procedures and requirements which meet the needs of the new states.

The sets of requirements and the requirements themselves typically differ a lot for the different states, so the requirements split at least based on the states may be a reasonable approach also for NR.

· Observation 2: Separate requirements structures for different mobility states may be also beneficial for NR.
2.5.2 Measurement bandwidth

In LTE, many RRM requirements are bandwidth agnostic or generic, often being defined for the smallest bandwidth. For NR, the largest CC bandwidth was agreed to be 80 MHz, which is much larger than the maximum LTE bandwidth. The smallest bandwidth and the intermediate values are not yet agreed for NR, but it is likely that the supported bandwidths range is going to be larger in NR compared to previous RATs.

· Observation 3: Specifying generic requirements based on the smallest bandwidth may be too pessimistic, due to a much larger bandwidth range and frequency range with NR.
The bandwidth aspects will indeed also depend on the signal types. In [4], mobility reference signals (MRS) transmitted from beams were discussed. Such signals may be self-contained and include sufficient information to perform time and frequency synchronization and identify a particular beam as well as allowing measurements on the beam for mobility purposes. Moreover, the MRS may be designed as a single purpose signal which would allow for optimizing the signal design to better serve the purpose, e.g., using flexible bandwidth independently of the bandwidth used for the data.
· Observation 4: A new approach to defining reference signal bandwidth may be needed in NR.

2.5.3 Support of multiple numerologies
RAN1 has agreed on supporting multiple numerologies.

· Observation 5: Supporting multiple numerologies may have some impact on the set of requirements and requirements structure.
2.5.4 Signals availability
To facilitate forward compatibility, RAN1 has agreed to strive for 

· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 

-Blank resources can be used for future use

· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource
The above suggests that e.g. mobility reference signals may be not transmitted continuously but only when necessary to minimize the overhead and enable forward compatibility.
· Observation 6: Assuming that e.g. reference signals are not always present may have some impacts on RRM requirements.

2.5.5 Antenna ports
In LTE, the general RRM requirements are typically independent on the number of antenna ports or defined based on the configuration with the smallest number of antenna ports, which was also due to a small range of supported antenna ports. In NR, the supported range of antenna ports may be rather big [1] and it is reasonable to expect that utilizing the large number of antennas is essential for NR. However, whether the signals differ for different antenna ports or not may further depend on the purpose. For example, for beamforming the same signal may need to be transmitted from different antenna ports, while for other purposes antenna-specific signals may also be envisioned.
· Observation 7: RRM requirements for NR may be expected to be more dependent on the number of antenna ports and also on the purpose.
3 Summary

The following has been observed in the above discussion:

· Observation 1: If new RRC states are specified, RAN2 and RAN4 need to decide on the appropriate mobility procedures and requirements which meet the needs of the new states.

· Observation 2: Separate requirements structures for different mobility states may be also beneficial for NR.
· Observation 3: Specifying generic requirements based on the smallest bandwidth may be too pessimistic, due to a much larger bandwidth range and frequency range with NR.
· Observation 4: A new approach to defining reference signal bandwidth may be needed in NR.

· Observation 5: Supporting multiple numerologies may have some impact on the set of requirements and requirements structure.
· Observation 6: Assuming that e.g. reference signals are not always present may have some impacts on RRM requirements.

· Observation 7: RRM requirements for NR may be expected to be more dependent on the number of antenna ports and also on the purpose.
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