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1. Introduction

In the last RAN4 meeting, a way forward [1] was approved to capture the consensus on NR RRM, in which some agreements related to cell identification and measurement. 
	· 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

· 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


In this contribution, based on the latest progress of each RAN working group, we provide our considerations on the requirements for cell identification and measurement in NR.
2. Discussion
The concept for RRC states were under discussion in RAN2. Besides idle and connected, a new state ‘inactive’ is introduced in NR. One UE has only one NR RRC state at one time. The functionalities of each RRC state could be different configurations. RRC states related considerations may also be different. The RRC states related considerations include latency, power efficiency, mobility, data transmission etc. These considerations will impact the definition of the requirements for cell identification and measurements. When low activity is considered for UE power savings, UE might be required to perform cell search and measurement less frequently, e.g., discontinuous reception. A relaxed requirement for cell identification and measurement may be considered. When low latency are prioritized for quick response, the tighten requirement could be defined for fast cell identification and accurate measurement.
Observation 1: The requirements for cell identification and measurement might need to be defined separately in each states due to different considerations of latency, power efficiency, mobility, data activity, etc.
2.1. Cell identification

The performances of cell identification essentially depend on the synchronization signals design for cell identification. Generally speaking, the synchronization sequences from different cells are more orthogonal, the interferences between synchronization signals are less and the cell detection performance will be better. The more frequently synchronization sequences are transmitted, the more searching opportunities are available for cell identification during a given cell searching window, which might lead to a faster cell identification. 

The agreements on NR synchronization signals in the RAN1#87AH meeting were captured below.
	Agreements:
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design

· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals

· Alt.1: sequence length is about 255

· Alt.2: sequence length is about 127

· Alt.3: sequence length is about 63

· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence

· FFS on message-based synchronization signal design

Agreements:
· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined

· Frequency range category #1 is evaluated for below 6 GHz

· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz

· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting
· FFS on the necessity of finer categorization
· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria

· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories

· Note that final set of frequency categories may include more than the above two categories

· FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not
Agreements:
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]

· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:

· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]

· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]

· The above frequency range categories may be further divided into different categories with different parameters

· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS

Agreements:
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 

· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  


From the above RAN1 agreements, it can be observed that there are at least two frequency range categories defined in RAN1, including the range below 6 GHz and the range from 6 to 52.6 GHz. RAN1 may have different NR-SS designs for these frequency range categories, including NR-SS structure, default subcarrier spacing of NR-SS, NR-SS bandwidth, etc. All of these designs impact cell identification performance and determine how many searching opportunities the UE needs to identify a cell during a given period.
Observation 2: The performance for cell identification may depend on frequency range categories.
In RAN1, it was agreed that NR-PSS, NR-SSS and NR-PBCH can be transmitted within a ‘SS block’. One or multiple ‘SS block(s)’ compose an ‘SS burst’. One or multiple ‘SS burst(s)’ compose an ‘SS burst set and SS burst set is transmitted periodically. RAN1 achieved the following agreements on SS burst set.

	Agreements (RAN1#87):
· From UE perspective, SS burst set transmission is periodic

· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency
· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied

· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network

· FFS: Validity duration of information

· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity

· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available

· FFS: Consider idle mode operation performance

· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption

Agreements (RAN1#87AH):
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.

· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

Agreements:

· RAN1 aims to select a default SS burst set periodicity for each agreed frequency range category from the following candidate values:

· For carrier frequency range #1 (below 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]

· For carrier frequency range #2 (above 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]

· Note that final set of frequency categories may include more than the above two categories

· Companies are encouraged to investigate the candidate default SS burst set periodicity values considering at least the following factors:

· UE IDLE mode and initial cell search power consumption and latency

· Including single/multi-beam operation at Tx and Rx

· NW power consumption

· Inter-RAT/Inter-frequency measurement 

· Forward compatibility and deployment flexibility including standalone and non-standalone NR deployments

· Benefits and feasibility of SS burst set configuration assistance signaling (e.g. periodicity indication or measurement window) for CONNECTED and/or IDLE UEs

· NW synchronization requirements/assumptions


According to RAN1 agreements, UE in connected or idle state may be provided with updated SS burst set periodicity which may be shorter or longer than default periodicity. Otherwise, a default periodicity of SS burst set transmission may be assumed for cell identification for a given frequency range.
Observation 3: The transmission periodicity of SS burst set may change over time, and RAN4 need to investigate the impact on cell identification delay.
In LTE, the side conditions are defined in the form of SINR level and received power of the signals for cell identification and measurements. The similar methodology could be used for specifying the side conditions in NR. Cell detection is based on NR-SS to acquit time/frequency synchronization and cell ID. At least the SINR level and received power of NR-SS could be included for the definition of side condition. 
2.2. RRM measurements

After acquiring the time-frequency synchronization and cell ID, UE also needs to perform RRM measurement to evaluate whether the cell is a suitable cell or a best cell. According to the agreements in RAN2, UE shall be able to use non-UE specific reference signals for such measurements. Currently, RAN1 has the following agreements on DL RS for RRM measurement:

	Agreements:
· 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

Agreement:

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”

· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility
Agreement: 

· The additional RS for mobility if defined can be transmitted on multiple beams.


For RRM measurement, besides the reference signals used in idle mode, additional reference signal may be used in connected mode. 
Observation 4: For the requirements for cell identification and measurement, the side condition can be defined in the form of SINR level and received power of synchronization signals and/or reference signals used for deriving a cell quality. 
· At least the SINR level and received power of NR-SS can be included for the definition of side condition.
· The type of reference signals used for deriving a cell quality in different RRC states depend on RAN1/2 decisions on RS design for RRM measurement.
In idle mode and inactive state, UE performs cell selection and reselection to camp on the best cell. In connected mode, UE should be able to identify a beam and derive a cell quality based on measurements from individual beams. RAN2 study how to derive a cell quality based on measurements, and the following agreements have been achieved.

	Agreements for connected active
1: 
RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.

FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 


a/ best beam, 


b/ N best beams, 


c/ all detected beams


d/ beams above a threshold.


Other options are not precluded

Agreements: (for idle/inactive)

1:
LTE cell selection and reselection mechanisms are the baseline for NR.

2:
In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell.

FFS how to derive the cell level measurement quantity from multiple beams (may or may not be different from connected).


According to RAN1 agreements on signals used for RRM measurement, since reference signals for idle and connected might be different, the cell measure derivation for idle and connected might be different. Hence, the UE capability for beam identification and beam-based measurements shall be studied for each RRC state. 
Observation 5: The requirements for beam to identify or measure shall be studied separately for different RRC states.

Based on the above observations, the following is proposed:
Proposal: Study the following alternatives for cell identification and measurement requirements design: 
· Alt 1: Cell identification and measurement requirements are determined according to RRC state.
· Alt 2: Cell identification and measurement requirements are determined according to frequency range category.
· Alt 3: Cell identification and measurement requirements are determined by the transmission periodicity of SS burst set.
· Alt 4: Cell identification and measurement requirements are determined according to the state of any combination of Alt 1 - 3.

· Other alternatives are not precluded.
3. Conclusions

In this contribution we provide analysis on RRM requirements for cell identification and requirements in NR. After discussion the following conclusions are drawn:
Observation 1: The requirements for cell identification and measurement might need to be defined separately in each RRC state due to different considerations of latency, power efficiency, mobility, data activity, etc.
Observation 2: The performance for cell identification can depend on frequency range categories.
Observation 3: The transmission periodicity of SS burst set may be different for each RRC state, and RAN4 need to investigate the impact on cell identification delay.
Observation 4: For the requirements for cell identification and measurement, the side condition can be defined in the form of SINR level and received power of synchronization signals and reference signals used for deriving a cell quality. 

· At least the SINR level and received power of NR-SS can be included for the definition of side condition.

· The type of reference signals used for deriving a cell quality in different RRC states depend on RAN1/2 decisions on RS design for RRM measurement.
Observation 5: The requirements for beam to identify or measure shall be studied separately for different RRC states.

Proposal: Study the following alternatives for cell identification and measurement requirements design: 
· Alt 1: Cell identification and measurement requirements are determined according to RRC state.
· Alt 2: Cell identification and measurement requirements are determined according to frequency range category.
· Alt 3: Cell identification and measurement requirements are determined by the transmission periodicity of SS burst set.
· Alt 4: Cell identification and measurement requirements are determined according to the state of any combination of Alt 1 - 3.
· Other alternatives are not precluded.
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