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1 Agreements and way forward

1.1 Flexible Numerology

Agreements

· Requirements (e.g., measurement time, measurement  accuracy, cell discovery time, beam based measurement requirements, delay requirements etc) will  support different subcarrier spacings in NR

· It is necessary to study suitable conditionsto handle e.g. different numerologies (for example, grouping or rules to scale requirements between numerologies)to avoid needing to investigate and specify each configuration in detail 
· Requirementys will support scenarios where the same and different numerologies are configured within one channel bandwidth e.g. for SA, and for different component carriers in carrier aggregation and dual connectivity
· Any requirements for fixed numerologies are investigated before requirements for dynamic or mixed numerologies

Way forward
· Companies to investigate in what circumstances UE is aware of neighbour subcarrier spacing, and the potential impact on the requirements of the known and unknown numerology
· Discuss the impact of different numerologies

1.2 Measurement Bandwidth

Agreements

· Requirements will be developed for UEs supporing different bandwidths
· Study whether minimum measurement BW for NR scales with subcarrier spacing and different NR use cases etc (MBB, MTC, ultra reliable etc)

Way forward
· Continue to investigate impact of bandwith on measurements.

· Study the ways in which UEs with different supported BW and numerology can perform cell selection in NR

· Study the ways in which UEs with different supported BW and numerology can perform measurements in NR
· Continue to investigate the impact of supported BW and  multiple numerologies on measurement BW
1.3 Initial Access, cell detecion, discovery signal etc

Agreements

· Preliminary Terminology for discussion in RAN4 (may be updated, for example if other WG agree some other terminology for the same procedure): 
· Cell selection in RRM discussion  refers to initial detection of an NR cell during cell selection procedure (i.e. UE is not camped on a cell). E.g. at power on. Cell selection includes cell suitability evaluation. 
· Other steps of the initial access procedures for camping on a cell will be covered by corresponding requirements (system information decoding, random access requirements etc)

· Cell Identification: Once the UE is camped or in connected states the UE performs cell Identification according to requirements.
· Measurements: Once the UE is camped or in connected state the UE performs measurements according to requirements
· Requirements framework covers single and multibeam deployments
· Requirements cover applicable duplex mode(s)
· Requirements cover SA and NSA

· Requirements cover licensed and unlicensed operations

Way forward
· Further investiations of RAN1 decisions on signals for cell identification and measurements (including discovery signals) and the means to have requirements for fast cell identfication and measurement
1.4 Beam based measurement

Agreements

· Beam-based measurement requirements may depend on periodicity/availability of the relevant beam confguration

· Requirements cover applicable duplex mode(s)
· Requirements cover SA and NSA

· Requirements cover licensed and unlicensed operations

Way forward
· Further investiations of signals for beam based measurement (such as BRS) and the means to perform fast beam identfication and beam measurement
· Further investigate the need for transition between beam-based and omnidirectional measurements
1.5 Gaps

Agreements

· Basic measurements for NR wihout gaps may need to be understood better before gap based measurement can be progressed in details
Way forward
· Investigate both gap based measurements and measurements without gap
· Note; Gaps may be needed for both NSA and SA operation
· Investigate the impact of gaps for measurements on carriers with different numerologies

· Investigate gaps for enabling SA and NSA NR

1.6 Power consumption

Agreements

· RAN4 will investigate a possible power consumption model for NR
· RAN4 will continue to investigate the principles for good UE and gNB power consumption

· RAN4 will continue to investigate configurable tradeoff of power versus performance

Way forward
· Companies to investigate the framework and values for BS and UE models
· Whether absolute current values can be meaningful agreed in RAN4 or whetehr to concentrate on relative aspecs

· How to include features such as CA in the model
1.7 General
Agreements

· Requirements will be developed for all NR RRC states
· Requirements will consider different HARQ feedback schemes

· Intra-frequency, inter-frequency, and inter-RAT requirements are needed
Way forward
· Investigate agreements in other working groups on RRC states (eg “new” RRC state), HARQ feedback schemes for NR etc
1.8 High speed, UL mobility etc

Agreements

Way forward
· Main agreements on UL mobility are in the beginning expected to be in RAN1 
· Once UL mobility decisions are taken in other WGs eg for improving the performance of high speed UEs, RAN4 can investigate the impact on requirements, power consumption, network internal signalling, scalability, mobility performance as necessary
· Note: RAN2 will study mobility in connected active state based on UL signals.
Annex A : Input proposals and observations

Flexible Numerology

	R4-167322
Intel

Observation 1: The minimum measurement bandwidth shall firstly consider the impacts of flexible transmission bandwidth in NR.

Observation 2: If a single minimum measurement bandwidth (in Hz) is used for all measurement requirements with the multiple subcarrier spacing, it shall be composed of 2M (2M is the maximum scale factor of subcarrier spacing) RBs at least with the baseline reference subcarrier spacing.

Observation 3: If UE doesn’t know the exact subcarrier spacing, the receiving signal can be sampled with baseline subcarrier spacing (f0). As a result, UE power consumption will be increased significantly.
Observation 4:  In RAN4, the measurement accuracy requirements shall be relaxed if UE is not aware of the numerology of measurement cells (e.g. subcarrier spacing).

Observation 5: The feasible approaches to make UE know the subcarrier spacing could be studied in NR.

R4-168036 (Ericsson)

· Observation 1: Timing related requirements will depend on numerology

· Observation 2: RAN4 needs to define how to differentiate synchronous and asynchronous operation when multiple numerologies are used.

· Proposal 1: Consider grouping of numerologies in RRM requirements or specifying requirements in a generic way with respect to numerology, e.g., when the requirements or its parts scale with numerology.

· Proposal 2: The minimum set of RRM requirements need to be defined for scenarios with statically defined numerology being the same in all or at least some time resources, which should be at least the starting point. Next, requirements for scenarios with dynamic or mixed numerologies should be specified in a complementary way.

Proposal 3: RAN4 to discuss the RRM impact of CA scenarios with carriers having different numerologies



Bandwidth

	R4-167637 (Ericsson)

Observation 1: Gaps may be needed for intrafrequency measurements performed by narrowband UEs so that they can retune to receive measurement resources

Observation 2: It may be necessary to consider multiple synchronisation signals, or multiple requirements where sync signals are arranged in different ways in the frequency domain for UEs that support different bandwidths. For example, if synchronisation signals are duplicated in the frequency domain a wideband UE may make use of multiple duplications of the sync signal, whereas a narrowband UE might use one instance. Alternatively, there may be different signals provided for different types of UEs

Observation 3: Beamformed reference signals may be defined in such a way that they are self-contained, e.g. the UE can perform time and frequency synchronisation, identify the beam and make a measurement. 

Observation 4: Beamformed reference signals may be either wideband, narrowband (meaning that narrowband UEs may need gaps to measure them) or narrowband and configured to be measured by individual UEs.

Observation 5: In some respects, UL mobility may be more straightforward, since the UE transmission bandwidth will be a subset of the system BW. So in principle the gNB should be able to detect an UL transmission from a narrowband UE within the UE’s operating bandwidth, although there may be complexity issues to consider




Initial Access, cell based detecion, discovery signal etc

	R4-167323 (Intel)

Observation 1: The new terminologies for NR shall be clarified especially for the components involving the initial access and mobility. 

Observation 2: For the cell level mobility in NR (e.g. the cell initial access), the methodology to define RAN4 requirements on the initial cell identification in LTE [4] could be reused in NR.

R4-1767790 (Huawei)

Observation 1: a generic RRM requirement framework for initial access covering single/multi-beam based deployments, TDD and FDD operations, different/mixed numerologies, standalone and non-standalone operations, licensed/unlicensed band operations could be possible.

R4-168373 (Nokia)

Observation 1: RAN4 could consider discovery signal comprising the following signals and functionalities as input for coming UE requirements:

· Synchronization signals (SSs) for 
· Symbol, subframe and frame timing synchronization
· Frequency synchronization
· Signaling of PCI for cell search
· Reference signals for cell level mobility measurements
· Physical Broadcast Channel (NR-PBCH) for
· Essential system information provisioning
· Beam Reference Signals (BRS) for
· Beam detection for PRACH resource association and initial BS beam acquisition
Proposal 1: Study possibilities for configurable periodicity for the discovery signal to enable power saving possibilities for the network. 

Proposal 2: RAN4 need to discuss how to enable true one-shot detection and usage of a cell.
R4-168376 (Nokia)

Observation 1: the NR is bringing new system challenges which require a careful design of RRM measurements.
Observation 2: Existing mechanisms of cell detection are a starting point for RRM measurements in NR.

Observation 3: To enable discontinuous cell transmission, for example due to possible operation at frequency bands requiring channel assessment, UE should not expect regular control or reference signalling being available. 

Proposal 1: When developing the baseline for UE requirements, RAN4 should consider that NR will not support regular availability of synchronisation or reference signals.

Observation 4: Non-continuous transmission of synchronization signals requires special attention in order enable fast cell detection.

Observation 5: NR should support cell measurements which can be performed without long measurement delay.

Proposal 2: UE synhronization and measurement requirements should target short detection and measurement latencies.

Proposal 3: Discuss if existing UE RSRP, RSRQ and RSSI measuments are the starting point for RRM measurements metrics in NR.

Observation 6: Measurements and related reporting procedures need to consider the expected network densification to limit the power consumption and signaling overhead.

Observation 7: Fast detection of a large amount of nodes is desirable.

Observation 8: Slow detection of nodes will reduce the NR system efficiency

R4-168377 (Nokia)

Observation 1: Having cell search and obtaining minimum system information for initial access agnostic to the beam configuration will help in making generic requirements.

Observation 2: Using NR Synchronization signal for cell measurements could simplify and streamline mobility procedures.

Observation 3: Using NR Synchronization signal for cell measurements could help in enabling beam agnostic requirements.
Observation 4: NR Cell measurements can be done in beam agnostic manner based on SYNC signal, PBCH DM-RS, or SYNC+PBCH DM-RS
Proposal 1: Consider the use of NR synchronization signal for NR cell measurements requirememts in IDLE/inactive mode.

proposal 2: : Consider the use of NR synchronization signal for NR cell measurements for connected mode measurements



Beam based measurement

	R4-168036 (Ericsson)

· Proposal 6: In NR, time-based requirements are specified in a generic way for different antenna configurations, allowing also for scaling depending on the availability in time of  the relevant tx and/or rx beams, e.g., due to beam sweeping. Accuracy requirements should be transparent to beam configurations.

R4-167518 (CATT)

Observation 1: If the new RS is introduced, it is expected to be used not only for the cell/TRP specific mobility measurement, but also for the beam specific mobility measurement.
Observation 2: Beam sweep will introduce additional delays for measurement requirements. And these additional delays depend on the approach used for beam sweep, the number of swept beams and beam pair switching periodicity etc.

Observation 3: It is recommended to investigate the feasibility of beam level measurement performance metric for beam management.

R4-1767790 (Huawei)

Observation 1: a generic RRM requirement framework for initial access covering single/multi-beam based deployments, TDD and FDD operations, different/mixed numerologies, standalone and non-standalone operations, licensed/unlicensed band operations could be possible.

Observation 2: beam selection RRM requirement is probably needed to guarantee the suitable selection of Tx/Rx beam pair.
Observation 3: from RRM perspective, delay of measurement and report for beam refinement may be shorter than that of beam selection.
R4-168376 (Nokia)

Observation 9: In beam forming deployments fast detection and short measurement delays is essential.

Proposal 4: Low latency for enabling operation on a beam should be targeted.

Proposal 5: IDLE mode RRM behavior and related measurements needs to be considered as an integrated part of the discussion.

Proposal 6: RAN4 to discuss UE measurements agnostic to the base station array architecture.

Observation 10: system scalability might be better based on omni antenna assumption at the UE.

Proposal 7: RRM measurement w/wo BS and UE beamforming should be investigated.

R4-168377 (Nokia)

Observation 5: BRS signals are cell specific signals and can used for intra-cell mobility measurements in connected mode

Observation 6: BRS signals can used for inter-cell mobility measurements in connected mode

Proposal 3: Consider the use of BRS signals for intra-cell and inter-cell mobility measurements in connected mode.
R4-167323 (Intel)

Observation 3: The separated requirements for beam level synchronization and identification shall be specified for NR in RAN4 depending on RAN1 agreements on the initial access procedures for the multiple beams.




Gaps

	R4-168036 (Ericsson)

· Proposal 5: In NR, more flexible measurements gap configurations are needed.

R4-167518 (CATT)

Observation 4: It is recommended to investigate measurement gap for NR.



Power consumption

	R4-167638 (Ericsson)

Observation 1: Power consumption in mobility requirements is an engineering trade-off. Performance of measurements needs to be good enough to meet the needs of the system but it would be wasteful to have minimum requirements which exceed the needs of the system. 

Observation 2: Due to the wider range of use cases, frequency bands and deployments which need to be covered by NR, there could be no single set of minimum requirements which will cover all cases.

Observation 3: Due to observation 2, configurability and scalability of measurement performance is likely to be important for NR

Observation 4: The goal of configurable measurements should not be to ensure that all settings work in all cases, but rather to provide sufficient tools to address the power consumption versus measurement performance trade-off when NR is deployed.
Observation 5: The emphasis in 3GPP discussions should be to ensure that power consumption and measurement delay is configurable over a wide range rather than concentrating on the exact endpoints.

Observation 6: Achievable measurement accuracy for measurements is primarily a function of duty cycle and measurement bandwidth used rather than the exact numerology that is configured for the meaausrement. 

Observation 7 : Based on observation 6, it may not be feasible to use extremely low duty cycles for numerologies with a very short subframe and obtain accurate measurements.

Observation 8: A holistic view is necessary when considering measurement power consumption.

R4-168375 (Nokia)

Proposal 1: Discuss and agree the different values used in the UE power consumption model.

Proposal 2: Companies are encouraged to bring their views on an eNB power consumption model in the coming meeting. 




Others (timing advance, UL measurements, feedback etc)

	R4-168036 (Ericsson)

· Proposal 4: Support of multiple feedback mechanisms needs to be considered in NR requirements.

R4-167639 (Ericsson)

Observation 1: The design of NR TDD timing involves an interaction between frame structure for different numerologies, cell size, propagation conditions, UE and BS Rx-TX switching, HARQ processing time, RRM requirements for timing advance and gNB synchronisation performance

Observation 2: To allow efficient operation with greater than 15kHz subcarrier spacing, it is important that uncertainties in timing advance are scaled down according to the shorter Ts.

R4-168037 (Ericsson)

· Observation 1: Mobility requirements for the connected state, idle state, and also for the “new” state (if the latter is agreed) will have to be specified. The need for a separate set of requirements for the “new” state is also justified by the agreement that “RRC states with significantly overlapping characteristics should be avoided”.

· Observation 2: Intra-frequency, inter-frequency, and inter-RAT requirements will likely be needed, but perhaps a smaller set of RATs may be considered in the initial phase.

· Observation 3: Reusing the existing LTE requirements is unlikely while reusing at least some basic principles for defining the requirements may be considered, while accounting for the NR specifics, including extensive multi-beam operation and beam-based mobility.




High speed, UL mobility etc

	R4-168374 (Nokia)

Proposal 1: Synchronization design in NR should aim at enabling fast and robust synchronization at UE.

Proposal 2: Design of measurement signal(s) in NR should aim at reducing measurement latencies while ensuring accuracy.

Proposal 3: Latency from receiving necessary system information for enabling cell access should be minimized.

Regarding UL mobility, we propose:
Proposal 4: Discuss UL mobility for active UEs.
Proposal 5: Discuss expected outage time for UL mobility.

Proposal 6: Discuss UE latency requirements for UL mobility.

Proposal 7: eNB power saving shall be taken into account when discussing UL mobility.

R4-167790 (Huawei)

Observation 4: if UL based measurements are utilized, RAN4 need to investigate how to structure the corresponding RRM requirements.




