3GPP TSG-RAN WG4 Meeting #81
R4-1609565
Reno, USA, 14 - 18 November 2016
Agenda Item:
11.6.1.1
Source: 

Ericsson, Nokia
Title: 
Way forward for NR RRM
Document for:
Approval
1 Agreements and way forward

1.1 Flexible Numerology

Agreements (RAN4#80bis)
· 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

Agreements (RAN4#81)
The impact on the measurement accuracy (e.g. RSRP) from the multiple subcarrier spacing shall be studied in RAN4
1.2 Measurement Bandwidth

Agreements (RAN4#80bis)
· 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 in RAN4#81
· Continue to investigate impact of bandwith on measurements.

· Study the ways in which UEs with different supported BW and numerology can perform cell detection and measurements in NR
· Study cell detection and measurement performance in NR under different UE supported BWs and numerology
· Continue to investigate the impact of supported BW and  multiple numerologies on measurement BW

1.3 Initial Access, cell detecion, discovery signal etc

Agreements (RAN4#80bis)
· 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 in RAN4#81
· 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
· The performance of the increased hypothesis on the initial access reference signal shall be investigated in RAN4, e.g. the UE complexity, cell identification delay and accuracy.

· The necessary system level requirements  for cell identification performance shall be investigated at system level by RAN4, including e.g.:
· side conditions
· delay requirements

· number of cells to identify

· number of measurements within the measurement period

· number of beams to identity or measure,
· RAN4 will continue to evaluate the impact of RAN1 decisions on beam based measurement
1.4 Beam based measurement

Agreements (RAN4#80bis)
· 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 in RAN4#81
· Further investiations of requirements for beam based measurement (such as BRS) and possible means to perform fast beam identfication and beam measurements
· Further investigate the relation between one or more beam-based measurement and non-beamformed measurements (e.g. number of beam-based measurements and non-beamformed measurements that can be done in parallel)
· RAN4 will continue to evaluate the impact of RAN1 decisions on beam based measurement
1.5 Gaps and gapless interfrequency/interRAT measurements
Agreements (RAN4#80bis)
· Basic measurements for NR wihout gaps may need to be understood better before gap based measurement can be progressed in details
Agreements (RAN4#81)

· NR UE supporting both LTE and NR needs to support not only NR cell measurement but also LTE cell measurement.

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
· Need for gap-assisted measurement could be indicated by the UE to the network in NR.

· RAN4 should use existing GP0 and GP1 as starting point for inter-RAT measurement gaps.

· RAN4 should also include interrupt handling when discussing measurement gaps.

1.6 Power consumption

Agreements (RAN4#80bis)
· 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

· Study how to apply the power consumption model to facilitate the studies on RRM requirements 

1.7 General
Agreements (RAN4#80bis)
· 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 in RAN4#81
· Investigate the needed requirements for different RRC states including RRC_Inactive state
· Invesigate incoming LS from RAN1 in R4-1610833 and provide analysis of the impact to RRM
Annex A : Input proposals and observations

Flexible Numerology

	R$-1609074 (Intel)
Observation 1: 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 2: 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 3: The feasible approaches to make UE know the subcarrier spacing could be studied in NR.

Observation 4: The reported RSRP per RE will depend on the subcarrier spacing closely.

Observation 5: In NR, the RSRP per RE could not accurately trigger the mobility management events because of the variable numerology.

Proposal 1: The impact on the measurement accuracy (e.g. RSRP) from the multiple subcarrier spacing shall be studied in RAN4.
R4-1609326 (Nokia)
Observation 1: The numerology may impact the UE cell detection requirements. 




Bandwidth

	R4-1609238 (Intel)
Observation 1: For UEs without the capability to support channel bandwidth of NR serving single carrier, the new initial access signals/channel in NR is need to be defined to utilize NR carrier more efficiently.

Observation 2: The minimum measurement bandwidth shall firstly consider the impacts of flexible transmission bandwidth in NR.

Observation 3: The implementation complexity due to the multiple hypothesis on the possible NR-PSS/SSS signals shall be studied in case of UEs without capability to support the maximum bandwidth of the NR carriers.

R4-1609559 (Ericsson)

Proposal : RAN4 continues to investigate impact of bandwidth on measurements.




Initial Access, cell based detecion, discovery signal etc

	R4-1609075 (Intel)

Observation 1: 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. 

Observation 2: The minimum measurement bandwidth shall be limited within NR-PSS/SSS transmission bandwidth of the cells to be measured.

Observation 3: The minimum measurement bandwidth required for NR can be depended on the carrier frequency and subcarrier spacing.

Observation 4:  The measurement requirements (e.g. cell identification delay) shall be defined with the number of NR-PSS/SSS cycles instead of the absolute time.

Observation 5:  The upper bound of the number of the predefined parameters of the subcarrier spacing shall be studied in RAN4 firstly from the UE complexity perspective.

Observation 6:  When predefining the subcarrier spacing, the impacts of frequency offset normalized by the subcarrier shall be considered also.

Observation 7:  For UE the blind detection on the TX/RX beams will be necessary if in NR the TX/RX beamforming applied to improve the cell coverage in NR.

Observation 8:  From RAN4 perspective, the feasibility of cell detection and measurement with the beam-forming on TX/RX especially with the larger number of TX/RX antennas shall be investigated.

Proposal 1: The impacts of the increased hypothesis on the initial access reference signal shall be investigated in RAN4, e.g. the UE complexity, cell identification delay and accuracy.
Low latency (R4-1609331, Nokia)

Observation 1: Fast access of small cell layer is beneficial for both small and large file size, as well as with low or high network load.

Observation 2:  Shorter small cell access delay gives significant improvements in small cell usage and user experience.

Observation 3: RAN4 requirements play a significant role in enabling reducing the setup delay

Observation 4: RAN4 should study how to efficiently reduce the current delays.
Observation 5: Design of faster cell detection and measurements in NR should be reflected in the UE requirements.

Observation 6: Means to reduced measurement delays would need to part of RAN4 study.

Observation 7: Reduced measurement time by using wider bandwidth measurements could reduce overall UE measurement burden. 

R4-1069326 (Nokia)
Observation 2: The SS-block structure, minimum SS-burst periodicity and size (in terms of SS-blocks) for a given numerology and/or frequency band will likely impact UE cell detection and measurements.

Observation 3: Number and location of the SS-burst in a SS-burst set is could impact the UE measurements and performance.

Observation 4: The SS burst set periodicity is also likely to have effect on UE measurements. 

Observation 5: Assuming a certain (frequency band dependent) SS-burst set periodicity from initial blind cell detection perspective could impact cell selection and detection latencies.

Observation 6: Flexibility in transmission of synchronization signal will impact UE measurements at least for cell selection.

Observation 7: Having a’priori information the drawbacks of the reduced synchronization signal periodicity may be reduced

Observation 8: Final flexibility of the SS-burst set configuration will determine the impact on serving and neighboring cell measurements and mobility related procedures.

R4-1610048 (Huawei)

Observation 1: NR-PBCH acquisition delay shall be taken into account when developing initial access requirements.

Observation 2: cell identification delay might be affected by numerology.




Beam based measurement

	R4-1609327 (Nokia)
Observation 1: Beam agnostic measurements requirements could be needed.

Observation 2: RAN4 might need to define requirements for NR Cell measurements done in beam agnostic manner based on SYNC signal, PBCH DM-RS, or SYNC+PBCH DM-RS

Observation 3: RAN4 might need to develop requirements for SYNC signal measurement in connected mode
Observation 4: RAN4 might have to develop BRS measurement requirements in connected mode

Observation 5: RAN4 might have to develop both intra-cell and inter-cell BRS measurement requirements in connected mode

R4-1610047 (Huawei)
Observation 1: beam management RRM requirements shall cover beam grouping.

Observation 2: beam management RRM requirements shall cover beam reporting.

Proposal 1: RAN4 is to study whether RRM requirement at network side is necessary for UL beam management once it is decided in RAN1.

Observation 3: RAN4 may need to differentiate beam management requirements with or without beam-related indication.

Proposal 2: RAN4 may need to consider differentiate measurement requirements for serving and non-serving cells
· R4-1610329 (Nokia) Observation 1: For supporting beam management, RAN4 needs to introduce the RRM requirements in terms of UE’s performance including the beam measurement delay and the beam measurement performance, for the supported procedures. 

· Observation 2: When a UE is under the coverage of multiple beams from different TRPs, the UE is required to be able to determine the right Tx beams for the uplink transmission based on UE’s downlink measurement and Rx beam for the downlink reception based on TRP’s indication.

· Observation 3: The concept of beam grouping was introduced in RAN1 for the case when a UE is under the coverage of multiple beams from different TRPs. RAN4 may need to introduce corresponding RRM requirements once the details group based beam management is finalized.  
· Observation 4: RAN4 needs at least to define the performance requirements for network triggered aperiodic beam reporting. Depending on RAN1 decision, RAN4 may also need to define the performance requirements for other type of reportings, such as periodic beam reporting.

· Observation 5: Once RAN1/RAN2 finalize the beam radio link monitoring and recovery procedures, RAN4 is expected to define the corresponding performance requirements. 

· Observation 6: Once RAN1/RAN2 finalize the UL beam management procedures, RAN4 may need to consider introducing corresponding UL beam management performance requirements.




Gaps

	R4-1609328 (Nokia)

Proposal 1: Need for gap-assisted measurement could be indicated by the UE to the network in NR.

Proposal 2: RAN4 should use existing GP0 and GP1 as starting point for inter-RAT measurement gaps.

Proposal 3: RAN4 should also include interrupt handling when discussing measurement gaps.

R4-1610158 (Docomo)

Observation 1: NR UE supporting both LTE and NR needs to support not only NR cell measurement but also LTE cell measurement.
Proposal 1: When we study the impact of measurement GAP, it is beneficial to consider following situations.
· GAP is used for only NR cell measurement
· GAP is used for only LTE cell measurement
· GAP is used for both NR and LTE cell measurement



Power consumption

	R4-1609329 (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. 

R4-1609560 (Ericsson)

Proposal 1 : RAN4 continues to develop power consumption models for NR to take into account during the WI phase for RRM requirements setting and other work




Others 

	OTA requirements (R4-1609817, Qualcomm)
Observation: It should be investigated whether it is possible to define a predictable OTA test for measurement of absolute receive power levels. 

Measurements for NR (R4-1610348, Ericsson)
· Observation 1: UE will have to support both beamformed and non-beamformed measurements in NR.

· Observation 2: The minimum amount of measurements for mobility supported by the UE in NR may need to be larger than in LTE.

· Observation 3: To control the total measurement capacity in the UE and considering that beam-formed and non-beamformed measurements may require different efforts, it may be beneficial to have not only a requirement on the total amount of measurements but also a requirement for each of the beam-formed and non-beamformed measurements.

· Observation 4: The UE measurement capacity may further depend on the numerologies used in parallel for measurements.

On RRM and mobility support for NR (R4-1610349, Ericsson)
· Proposal 1: RAN4 requirements for cell selection and cell reselection are needed at least for IDLE case and possibly also for the new RRC_INACTIVE state.

· Observation 1: For CONNECTED mode, using beamformed measurements for mobility is likely to result in some differences in the mobility procedure and corresponding RAN4 requirements. 

· Observation 2: For IDLE, cell-level mobility is supported, which is closer to LTE, compared to the CONNECTED mode mobility.

· Observation 3: Accurate and fast mobility measurements are crucial for NR.

· Observation 4: If beam-based mobility based on non-UE specific signals is introduced (for CONNECTED state), the requirements need to be specified with care to ensure reasonable performance, especially for UEs with a higher speed.

· Observation 5: Mobility-related requirements need to be specified under the assumption that no neighbor beam list is provided.

· Proposal 2: Mobility requirements with inter-RAT mobility between NR and LTE will be specified by RAN4.




High speed, UL mobility etc

	R4-1609330 (Nokia)
Observation 1: DL based mobility provides good paging performance even for high speed UEs. 

Observation 2: Lower paging miss rate doesn’t significantly improve paging delay which follows basically DRX cycle length. 

Observation 3: Synchronization design in NR should aim at enabling fast and robust synchronization at UE.

Observation 4: Design of measurement signal(s) in NR should aim at reducing measurement latencies while ensuring accuracy.

Observation 5: UL mobility seems more feasible for active UEs.



