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1 
Introduction
In the last RAN4 meeting, some initial considerations on RRM impact in NR was discussed [1][2]. And a WF [3] was approved, in which the future RRM topics to be studied in NR were outlined, e.g. the flexible numerology.
	Flexible Numerology

Agreements

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

· It is necessary to study suitable conditions to 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 

· Requirements 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


In this contribution based on the latest agreements of RAN1&RAN2 we provide some further considerations on NR RRM impacts from the flexible numerologies in NR. 
2 Discussion 
One of new important aspects in NR is the multiple numerologies. Currently in RAN1 the agreements on the multiple numerologies in NR achieved over the previous meetings are self-contained below. 
	R1#86b agreements:

R1-1610521
WF on Subframe duration
ZTE, ZTE Microelectronics, Ericsson, NTT Docomo, Nokia, Qualcomm, Panasonic, CATT, Mediatek, Convida Wireless, 

Agreements:
· Sub-frame duration is fixed to 1ms

· Reference numerology for defining subframe duration is 15 kHz
Agreements before R1#86b
R1-1610540
WF on slot
NTT DOCOMO, INC., Ericsson, Panasonic, Nokia, Alcatel-Lucent Shanghai Bell, Qualcomm, Huawei, HiSilicon
Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14
Agreements:
· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later

· Multiple CP lengths do not mean the normal CP have 2 different CP lengths in the LTE

· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same delay spread that LTE can handle with the normal CP length as one use case

· Other subcarrier spacing solution can be considered with an equal priority in the further study

· More than one CP length should be studied for a given subcarrier spacing

· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 

· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology
· Other proposals are not precluded
· Note: FFS whether all of subcarrier spacings support more than one CP length or not

· Note: FFS whether supporting more than one CP length for a given subcarrier spacing is mandatory or optional for a given UE

Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms
Working assumption:
· Alignment within a subframe

· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case

Agreements:
· RAN1 strives how to enable efficient time alignment between transmissions with different CP overheads

Agreements:
· NR numerology scalability should allow at least from [3.75 kHz] to480 kHz subcarrier spacing 

· Necessity of support for less than 15 kHz subcarrier spacing  (e.g., 3.75 kHz) should be studied

· Note that scalability does not mean everything should be scalable (e.g., RS density, UE/gNB processing time, signalling overhead)

(Frame structure)

Agreements:
· A subframe duration is defined by the duration of x OFDM symbols given a reference numerology 
· With the same CP overhead, a single value of x is specified irrespective of the subcarrier spacing value chosen for the reference numerology

· This does not preclude multiple data transmission opportunities in time within a subframe duration
· This does not preclude multiple control transmission opportunities in time for both DL and UL within the subframe duration
· This does not preclude one data transmission to span over multiple subframe durations

· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier

· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
Agreements:
· PRB definition where the number of subcarriers per PRB is the same for all numerologies is supported

· Examples of the number of subcarriers per PRB for NR study are 12, 16

· Additional PRB definition with the different number of subcarriers is not precluded

Agreements:
· The number of subcarriers per PRB for NR study are 12, 16
Conclusions:

· RAN1 will down select the number of subcarriers per PRB in the next meeting

Agreements:
· For subcarrier spacing of 2n * 15kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain
Agreements:
· In one carrier when multiple numerologies are time domain multiplexed,

· RBs for different numerologies are located on a fixed grid relative to each other
· For subcarrier spacing of 2n * 15kHz, the RB grids are defined  as the subset/superset of the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain

· Note that following numbering in the figure is just an example
· FFS: frequency domain multiplexing case
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Conclusions:

· Proponents are encouraged to study followings

· Alt. 1: Adopt RB grid for FDM as it is agreed in TDM

· Alt. 2: Use RB grid corresponding to the reference numerology for FDM, applied the same grid to TDM, and revisit above agreements for TDM

Agreements:
· No explicit DC subcarrier is reserved both for DL and UL

Agreements:
· Unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X

· Indication to the UE may include

· Dynamic L1 signaling

· RRC configuration

· Broadcast signaling

· …

Agreements:
· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported
· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signaling (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded

· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded

Conclusions:

· Further study
· how to multiplex mini slot and slot

· the benefit and mechanism of indicating blank resources at least for forward compatibility perspective
Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain

Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 

· Subframe

· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded

· One possible scheduling unit

· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
Agreements:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded

Agreements:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant

· e.g., UE decoding power consumption in the slot with the data

· e.g., UE decoding power consumption in the data reception process

· e.g., UE decoding power consumption in the measurement

· e.g., UE decoding power consumption in the SS

· UE power reduction techniques also should be studied
Agreements:
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation
· The assigned DL/UL transmission direction can be signalled to UE by higher layer signalling
Agreements:
· In addition to the front-loaded RS agreed to study in RAN1#85, same or extended/additional RS is studied in NR of at least the following:
· Estimate/compensate Doppler parameters
· Compensate phase rotation and frequency offset

· Note that RS may or may not be UE-specific
Conclusions:

· Mechanisms for joint operation of backhaul link and access link should be studied by NR, including

· Study dynamic resource allocation among backhaul and access links, including TDM and FDM and SDM approaches under half-duplex constraint 

· Study multi-hop backhauling and multi-site connectivity in backhauling 

· Mechanism for integration of new TRPs/RNs carrying integrated backhaul and access functionalities

· Mechanisms for discovery and management of backhaul links for the connected TRP/relay nodes (if supported) with integrated backhaul and access links
· Other aspects/functionalities such as forward compatibility to study full duplex operation on backhaul and/or access links are FFS

· RAN1 should strive for a common mobility handling and beam management framework for mobile TRP/relay nodes (if supported) carrying joint operation of backhaul and access functionalities and the usual UEs
· Note: No assumption on particular RAN architecture


From the agreements above, in summary the multiple numerologies will be defined based on a baseline of 15kHz sub carrier spacing and on scale factors N =2n. In principle, if the subcarrier spacing is different the number of REs/RBs sampled within a same bandwidth could be different also. That is, if the minimum measurement bandwidth is specified by 6RBs with f0 subcarrier spacing as LTE legacy RRM requirements [5], for the RBs whose subcarrier spacing is 2n*f0 (n>=2) it is possible that there are not the integral RBs including in the minimum measurement bandwidth as shown in the figure below. For instance, if the minimum measurement bandwidth for the RRM requirements is always 6RBs assuming f0 subcarrier spacing only in NR, there is only measurement 0.75RBs available when 8*f0 subcarrier spacing is applied.
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Figure 1. TDM RBs with the multiple subcarriers spacing in the measurement bandwidth
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. 
Generally if UE has no idea on the exact subcarrier spacing using as the legacy LTE, the baseline reference numerology (e.g. 15kHz subcarrier spacing) could be assumed as the default sampling frequency for a RE. That is for RBs with 2n *f0 subcarrier spacing the minimum sampling frequency which is need to obtain all REs will be scaled by 2n also. As a result these REs are oversampled in the frequency domain. This will increase UE power consumption significantly. 

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. 
In order to avoid the higher power consumption and other potential problems brought by the ambiguity on the subcarrier spacing in NR, it is better to make UE know the exact numerology (e.g. subcarrier spacing and the transmission bandwidth of synchronization signal) when performing the measurements (including cell search and RRM measurements). Therefore, we can also conclude that:
Observation 3: The feasible approaches to make UE know the subcarrier spacing could be studied in NR.
More importantly it is noted that the power over the transmission bandwidth shall be normalized. As a result, for UE the power measured per a subcarrier would be vary given the different subcarrier spacing. However, according the existing definition in LTE, RSRP is the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth. Since the power per RE is highly depending on the subcarrier spacing, the measured RSRP including the same number of REs can be various as illustrated in the figure below. For example, the RSRP when the subcarrier is 30KHz could be theoretically 2x higher than that for 15kHz regardless the additional noise and interference due to the propagation channel. 
Observation 4: The reported RSRP per RE will depend on the subcarrier spacing closely.
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Figure 2. RSRP with the different subcarrier spacing
Thus the reported RSRP per RE could be diverse among all measurement cells in which only the subcarrier spacing are various. In other words, in NR the reported RSRP depending on the all CRS REs is not accurate enough to justify the real signal strength among the measurement cells/carriers in which the subcarrier can be vary. For example, the relative RSRP between the two measured cells can be biased by the different subcarrier spacing indeed. 
Observation 5: In NR, the RSRP per RE could not accurately trigger the mobility management events because of the variable numerology. 
Therefore, the proposal below can be drawn:
Proposal 1: The impact on the measurement accuracy (e.g. RSRP) from the multiple subcarrier spacing shall be studied in RAN4.  
3 Conclusion
In this contribution the RRM impacts from the multiple numerologies in NR was provided. The following observations and proposals can be drawn: 
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.
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