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1. Introduction
RAN#71 in March approved a 5G SID [1] on New Radio (NR) access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
In RAN1 [2] using different sets of numerology and frame structures for different service verticals is being considered. From RAN1 meetings during SI phase, the followings were agreed:

RAN1 Agreements (#87)
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion.
· Potential specification impact includes but is not limited to:
· FFS:CSI-RS measurement
· FFS: the time and frequency granularity of dynamic resource allocation
· FFS: If spectrum confinement (filtering, windowing, …) can be dynamically varied or not 

· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification

· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs
· FFS: UE-specific and/or cell-specific indication
· FFS: dynamic adaptation/configuration
· FFS: idle and possibly new state modes
· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth

· Companies are encouraged to bring results and analysis until RAN1-NR considering at least the following aspects:
· Cell coverage in CONNECTED and IDLE
· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)
· Accuracy of the RS measurement quantity

RAN1 Agreements (#Ad-hoc JAN.)
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded

Interference measurement under different interference hypothesis should be supported in NR. For interference measurement, at least one of the following schemes is supported.
-	Measurement subsets in both time and frequency domain 
-	Interference measurement restriction in both time and frequency domain

From RAN2 meetings during SI phase, the followings were agreed:
RAN2 Agreements (#94)
	3: 	For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.

RAN2 Agreements (#96)
Agreements for connected active
1: The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility.
2: 	RAN2 working assumption to be confirmed by RAN1: 
	a/ Connected active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.
	b/  Additional RS may need to be used for RRM measurement in the connected active mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.
3: 	The RRM measurement framework (measurement object, measurement id, reporting config) in LTE as a baseline in NR.

RAN2 Agreements (#97)
Agreements
1	An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 
2	An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).
3	Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 
Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1.


This contribution discusses RRM measurement and handover procedure in NR when the network supports multiple numerologies.
2. 	Design Considerations for Connected Mobility in NR
2.1 Key Design Issues to Support Multiple Numerologies for HO
Resource for RRM measurement
For the convenience of discussion, how the resource for RRM measurement is configured can be categorized as following options: 
Option 1 – common resource across cells
Option 2 – only numerology specific resource per cell
Option 3 – common resource part across cells + numerology specific additional resource part per cell
For design simplicity, it is nice to have a common operation as well as common resource/reference signal for RRM measurement (as option 1), regardless of the type of service/slice. The common operation/resource, however, may not be efficient from the resource usage perspective, if it must support all kinds of services as well as requirements – even including future services. For example in the case of high mobility or wide BW, more resource elements to map RS are needed to acquire accurate measurement quantity. If we decide common resource for RRM measurement, the network should provide the densest RS to meet the most stringent requirement of a service requiring high mobility or wide BW. This may incur the higher overhead to the network for supporting the multiple services/numerologies.
If we separate resources for each service/slice group which can be categorized in terms of supporting numerology (as option 2), resources in carrier could be used more efficiently. For example, URLLC service may require shorter periodicity of RS than that for eMBB service. If URLLC UE is not connected to a cell at all, it is fine for the cell to provide just the nominal periodicity of RS for RRM measurement. Furthermore, the impact from the additional RS could be confined within the part of whole resource which is assigned only for the specific service. 
Since option 1 and 2 has each benefit and drawback, option 3 can be considered as a compromising way. According to option 3, common resource for RRM measurement is assigned across cells to meet nominal services/requirements. If services with more stringent requirements are needed, additional resources could be assigned to provide proper accuracy for RRM measurement.
Based on the observation, we assume option 1 as a baseline and option 3 for further optimization for RRM measurement and HO procedure. 
Observation 1: Common resource across cells for RRM measurement regardless of the type of numerology/service is beneficial for design simplicity, but may not provide sufficient accuracy of measurement quantity for all possible services.
Observation 2: Different resource for RRM measurement per numerology could be considered for further optimization from the resource efficiency and measurement accuracy perspectives.
Type of RS for RRM measurement
RAN1 have studied on possible type of RS for RRM measurement for IDLE and CONNECTED. According to NR SI conclusion, At least NR-SSS is used for DL based RRM measurement for L3 mobility in IDLE mode. For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS. Detection of neighbor cell for measurement is based on NR-SS.
From the system point of view, the overhead from NR-SSS should be minimized since NR-SSS is the “Always-on” signal in NR. The aspects of the overhead comprise number of resource elements, BW used for RS mapping, and resource usage in time. However there is a trade-off between minimizing overhead of RS and accuracy of RS measurement. Due to the longer period (either 10 or 20 ms) of NR-SSS compared to that (1ms) of CRS in LTE, the network may not provide the sufficient number of samples to UE only via NR-SSS, subject to detection error and tracking multiple cells. Thus CSI-RS may be required in specific scenarios to achieve more accurate RS measurement quality. Note that NR-SSS in common resource is contributed to RRM measurement of CONNECTED UE as well.
Observation 3: According to SI conclusion from RAN1/2 on RS for RRM measurement for CONNECTED mode, at least NR-SSS is used, and additional RS in addition to NR-SSS can be used.
Observation 4: There is a design consideration - a trade-off between RS overhead reduction and accuracy of measurement.
Observation 5: Connected active mode RRM measurement and reporting are feasible based on signals in common resource regardless of services, at the cost of resource wastage.
Indication of measurement resource
During SI phase, RAN1 agreed on the indication of valid time and frequency resource for inter-/intra-frequency RRM measurements and reports for CONNECTED mode UE. Especially for intra-frequency case, the agreement implies that a time and frequency portion of the carrier is indicated to CONNECTED UE. It implies that the time and frequency portion is indicated to support neighboring cell measurement, since for the serving cell UE already knows the location of RS. Since UE-specific indication to dynamic reconfiguration may cause high signaling overhead in backhaul, the indication should be minimized in size or be distributed via over-the-air signal. For the serving cell, at least UE-specific (via RRC like LTE) indication could be reused.
Proposal 1: To CONNECTED mode UE, measurement resource including time/frequency portion of the carrier should be indicated by the network for neighboring cell RRM measurement. Minimizing overhead in network side and UE complexity should be taken into account for design of the indication.
Potential impact of numerology to measurement/HO accuracy
The single cell may separate the resource into multiple regions comprising common and dedicated numerologies for multiple services/slices and configure those multiple regions dynamically to avoid resource wastage. Under these situations, UE which operates with dedicated numerology will monitor neighboring cells via common resource and common numerology, since the UE does not know the different resource/numerology configuration at those neighboring cells. In case that the UE measures neighboring cells only by common numerology within common resource, there is no impact from numerology mismatch between serving and neighboring cells.
Observation 6: There is no issue of numerology mismatch if UE measures neighboring cells only by common numerology/RS within common RRM resource across cells.
There however may be some constraints for RRM measurement based on common resource. First, as identified in observations, it may not meet requirements for all kind of services, but meet those for typical services. Second, it may suppress the freedom of cell planning and HO strategy for different service/slices. 
If further enhancements are considered to handle those diverse scenarios, the alignment of common resource/numerology across cells is not assured or UE may experience numerology mismatch between serving cell and neighboring cells. This mismatch of numerology between serving and neighboring cell is harmful to obtain the consistent cell quality and goes severe when resource is shared within multiple numerologies dynamically. Although the numerology where a UE operates for measurement is static, the numerology and other physical parameters which are associated to the resource of neighboring cell could be transient (e.g. time sharing). In this case, the measured cell quality of the neighboring cell may be varied across different resource regions with different numerologies. Without any clue, the UE just obtains filtered result based on all those measured quantity regardless of numerology type which is used for the RRM resource.
Having said that, to measure accurate cell quality in certain limited scenarios, differentiation of measured RRM resource in terms of numerology is required. In this respect, the time domain measurement resource restrictions for the UE to support LTE eICIC could be reused. Owing to the restriction, the UE can measure just a reliable resource for RRM measurement.
Observation 7: There may be some potential issues due to numerology mismatch when CSI-RS in different numerology from NR-SSS is used.
Proposal 2:  To handle potential problems due to numerology mismatch, measurement resource restriction for LTE eICIC could be reused. 
In LTE, there two types of time domain measurement resource restriction which may be related to the problem of numerology mismatch what raised here. One is the time domain measurement resource restriction pattern for the PCell measurements (RSRP, RSRQ and the radio link monitoring) (referring to 36.331) (i.e. indication of ABS subframe). Another is the measurement subframe pattern of neighboring cells which is introduced to indicate non-MBSFN subframes of neighboring cell.
For assessment, we setup the simple case to apply the indication of ABS subframe into this problem of numerology mismatch. If the ABS subframes of only serving cell are indicated similar as LTE, a UE in the serving cell measures subframes which is indexed by 0 in Figure 1. Since the UE cannot recognize the source of interference due to numerology mismatch, cell quality measured by the UE may not be consistent. As an extension, if the ABS subframes for both serving and neighboring cells are indicated, the UE can restrict for serving cell measurement to the subframes which is non-ABS in the serving cell and ABS in the neighboring cell. Even though the extension, the UE only distinguish not-impaired signal power from the impaired. That is, accurate channel quality based on SINR is not acquired in this case. So, it is doubtful to acquire reliable measurement quantity for connected mobility.


Figure 1: Indication of ABS subframe of serving/neighbour cells
Proposal 3: RAN2 considers further enhancement to LTE measurement restriction to handle numerology mismatch among cells.
[bookmark: _GoBack]3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: Common resource across cells for RRM measurement regardless of the type of numerology/service is beneficial for design simplicity, but may not provide sufficient accuracy of measurement quantity for all possible services.
Observation 2: Different resource for RRM measurement per numerology could be considered for further optimization from the resource efficiency and measurement accuracy perspectives.
Observation 3: According to SI conclusion from RAN1/2 on RS for RRM measurement for CONNECTED mode, at least NR-SSS is used, and additional RS in addition to NR-SSS can be used.
Observation 4: There is a design consideration - a trade-off between RS overhead reduction and accuracy of measurement.
Observation 5: Connected active mode RRM measurement and reporting are feasible based on signals in common resource regardless of services, at the cost of resource wastage.
Observation 6: There is no issue of numerology mismatch if UE measures neighboring cells only by common numerology/RS within common RRM resource across cells.
Observation 7: There may be some potential issues due to numerology mismatch when CSI-RS in different numerology from NR-SSS is used.

Proposal 1: To CONNECTED mode UE, measurement resource including time/frequency portion of the carrier should be indicated by the network for neighboring cell RRM measurement. Minimizing overhead in network side and UE complexity should be taken into account for design of the indication.
Proposal 2:  To handle potential problems due to numerology mismatch, measurement resource restriction for LTE eICIC could be reused. 
Proposal 3: RAN2 considers further enhancement to LTE measurement restriction to handle numerology mismatch among cells.
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