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1 
Introduction
In the last RAN4 meeting, some initial discussion on RRM impact in NR was taken. And a WF [1] was approved, in which the potential RRM consideration topics especially for the initial access were outlined below:

	Initial Access, cell detection, 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 investigations of RAN1 decisions on signals for cell identification and measurements (including discovery signals) and the means to have requirements for fast cell identification and measurement


In this contribution based on the latest agreements in RAN1, we provide our considerations on the initial access measurement requirements in NR. 
2 Discussion 
The agreements on NR initial access in the RAN1 meeting were captured below. 
	R1-1610498
WF on NR initial access signals/channels
NTT DOCOMO, Intel Corporation, Ericsson, Qualcomm, InterDigital

Agreements:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access

· Other options are not precluded
Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz




From the agreements above, firstly the initial access of NR is focus only on cell level synchronization and identification e.g. symbol, subframe and frame timing acquisition, carrier frequency synchronization and sampling clock synchronization to the cell. In other words, other procedures beside the cell synchronization and identification in NR initial access are still FFS. For example, as the multiple TRPs in same cell could share the same timing reference, when the synchronization is achieved in the cell level, UE could be synchronized to all TRPs in a same cell also.  Meanwhile, since whether the beam selection/sweeping is informed in the initial access or after is under discussion in RAN1, accordingly the cell ID detection is needed to be considered when the initial cell access.  
From RAN4 perspective, the requirements for initial cell access in NR could be studied at this stage. And to our view, the requirements for initial cell access in NR could be depending on:

· Symbol/subframe/frame timing and frequency synchronization with the NR cells
· Cell ID acquisition

· Cell specific reference signal measurement

Particularly, the method to define the cell identification requirements in LTE could be reused for NR initial access in the cell level.

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. 
Secondly, in LTE the minimum measurement bandwidth is depending on the LTE-PSS/SSS/PBCH transmission bandwidth. From RAN4 perspective, this mechanism could be beneficial to the power consumption. Hence the similar approach to define the minimum measurement bandwidth in NR is still valid. That is the measurement could be performed within the bandwidth in which only NR-PSS/SSS transmission.

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

Meanwhile, as agreed in RAN1, in NR high band operations wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz, e.g. 

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz
As a result, the minimum measurement bandwidth for NR RRM requirements can be up to more factors in comparison with LTE, e.g. the carrier frequency and subcarrier spacing.

Observation 3: The minimum measurement bandwidth required for NR can be depended on the carrier frequency and subcarrier spacing. 
Thirdly, the periodicity of NR-PSS/SSS/PBCH could be extended as RAN1 agreements below.
	R1-1610722 
WF on SYNC Periodicity
Qualcomm
Agreements:
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set
· FFS: whether or not to define common periodicity range for SS burst set across NR carriers
· Values of the periodicities of SS burst set is for further study

· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities

· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq




Obviously the measurement requirements in RAN4 will be impacted. For example, the cell identification delay requirements in TS36.133 shall be revisited if the PSS/SSS could not available every 5ms. On the other hand, if the multiple periodicities for NR PSS/SSS/PBCH are specified in RAN1, the method to define the measurement requirements in Section8 of TS36.133 [3] which use the absolute time as the requirement may be not feasible in NR. 
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.
Other important aspect in NR is the flexible numerology. As we discussed in [4], the awareness on the subcarrier spacing is very critical to reduce the power consumption. That is the blind detection on the subcarrier spacing of UE based on the initial access reference signal (e.g. PSS/SSS/PBCH) is necessary. Furthermore, in RAN1 the subcarrier spacing of synchronization signals could be pre-defined. 
	R1-1610558
WF on Synchronization Signal for NR Initial Access
Huawei, HiSilicon
Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range

· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges

· FFS: for the case when the frequency ranges are overlapped.
· FFS: whether or not to define a single numerology or multiple numerology for frequency range
· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings



However, regarding to the pre-defined parameters is not identified, UE could not rely on the predefined parameters completely. That is the blind detection on the subcarrier spacing of the initial access signal is still be necessary. In order avoid the high UE implementation complexity due to the too much hypothesis on the subcarrier spacing for these reference signal, the upper bound of the predefined parameters of the subcarrier spacing shall be specified.
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.

On the other hand, in the high frequency band, the frequency offset due to the Doppler shift will be more serious. At the same time the higher system performance degradation will be possible if the normalized frequency offset with the subcarrier spacing. That means the proper subcarrier spacing predefined shall be considered carefully to allow the robust performance against the normalized frequency offset.  
Observation 6:  When predefining the subcarrier spacing, the impacts of frequency offset normalized by the subcarrier shall be considered also.
Moreover, particularly in NR in order to ensure basic coverage for the mobile communication at the high frequency band (>6GHz), the beam forming with large antenna array at both TRP and UE is one of the promising solutions. Hence the synchronization and measurements with both the TX and RX beams are necessary especially for the high band scenarios. 
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. 

But on the other hand, the blind detection on TX/RX beams will increase the cell detection and measurement time. For example, the cell detection time and measurement time could be proportional with the number of TX/RX antennas. 
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. 
In summary, from the observations above we can conclude that when UE blindly detected NR-PSS/SSS/PBCH, the extreme large hypothesis on both the subcarrier spacing and TX/RX beam will increased the UE implementation complexity. From RAN4 RRM requirements perspective, it will also impact the cell detection delay and accuracy significantly. Therefore, we can conclude that:
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. 

3 Conclusion
In this contribution the RRM impacts for the initial access in NR was provided. The following observations and proposals can be drawn: 
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.
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