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1. Introduction

In last RAN4 #80bis meeting a WF [1] was approved to captured consensus on RRM for NR, in which some agreements related to initial access and mobility were made:

	1.3 Initial Access, cell detecion, 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 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


In this contribution, we make a brief summary of RAN1 progress related to beam management and provide our view on corresponding RRM impact based on the way forward above.

2. Discussion
In this section, we briefly summarize the latest progress of RAN1 related to initial access and mobility. After that we also provide the corresponding potential RRM impact.
2.1. NR-PSS, NR-SSS and NR-PBCH
	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


According to the above RAN1 agreements, at least two types of synchronization signals, called NR-PSS and NR-SSS respectively, are supported in NR. Besides, some functionality of each signals were also agreed. For example, NR-PSS can be used at least for initial symbol boundary synchronization to the NR cell and NR-SSS can be used for detection for NR cell ID or at least part of NR cell ID. Other functionalities of NR-PSS and NR-SSS are still under discussion in RAN1. Here we try to focus on RAN1 current progress and make some analysis on what we may need to consider when developing associated RRM requirements.
In LTE there are requirements for cell identification in both RRC_IDLE and RRC_CONNECTED state. The motivation of defining such requirements is to increase mobility efficiency at UE side, i.e. make sure that a UE can successfully finish PSS/SSS detection for neighbor cells within certain period. Furthermore, there are also requirements for intra-frequency, inter-frequency and inter-RAT measurement to make sure that UE can handover/reselection to neighbor cells in time. When we come to NR, we believe RAN4 also needs to specify corresponding RRM requirements to guarantee the mobility efficiency in NR including in IDLE, CONNECTED and even “new” RRC state (if mobility is supported). Although the functionality of NR-PSS and NR-SSS are fully determined in RAN1, it can be at least used for cell identification based on RAN1 current agreements. Thus cell identification requirements based on NR-PSS and NR-SSS detection need to be studied in RAN4.

As it was agreed in RAN1 that 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, a UE likely can read NR-PBCH from target cell after NR-PSS and NR-SSS detection, at least for license spectrum case. Although the context of NR-PBCH is still under discussion in RAN1, at least it comprises some essential information for UE to access to the cell. Therefore we can have following observation:

Observation 1: NR-PBCH acquisition delay shall be taken into account when developing initial access requirements.
According to [1], once the UE is camped or in connected states the UE performs cell identification according to requirements. Basically the procedure comes from LTE. However, in LTE there is no concrete requirement for initial access, i.e. cell selection when UE is not camped on a cell, in RRM. The reason is that actually a UE may be capable of multiple bands and after power on UE needs to sweep all the supported bands to search for a suitable cell. Then the total delay depends on not only the cell identification delay on each band, but also the searching algorithm which is up to UE implementation in real life. We believe there is similar challenge for NR. A NR UE may also support multiple bands. Furthermore, the UE RF architecture is not so clear at this stage. We think it’s unlikely that all the UE can perform cell search on all the supported bands. The consequence is that a UE, especially a low-cost UE, may still need to sweep all the bands for initial access. Thus it’s still quite challenging to define a total cell identification delay for this UE.
	Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive

· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 

· E.g., periodic/aperiodic transmission of SS burst sets.


	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


It can be observed 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’ and SS burst is transmitted periodically. The values of the periodicities are still under discussion. Thus from RRM perspective, the initial access delay may be expressed as the number of SS burst periodicities. 

2.2. Impact of flexible Numerology
	Agreement:
· The number of subcarriers per PRB is 12

Agreements:
· Sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz
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:
· 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
· For normal CP family, the following is adopted

· For Fs = 15 kHz * 2n (n is non-negative integer), 

· Each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of Fs
· Other than the first OS in every 0.5msec, all OFDM symbols within 0.5msec have the same size

· The first OS in 0.5msec  is longer by 16 Ts (assuming 15 kHz and FFT size of 2048) compared to other OSs
· 16 Ts is used for CP for the first symbol
· For Fs = 15 kHz * 2n (n is a negative integer)

· Each symbol length (including CP) of Fs equals the sum of the corresponding 2-n symbols of 15 kHz

Agreements:
· From Phase 1, physical layer design should support an extended CP

· Extended CP will be only one in given subcarrier spacing

· FFS: Exact for the services/scenarios for extended CP


According to the RAN1 agreements, it could be observed that the time granularity for each numerology can be defined based on the scale factor of subcarrier spacing considering 15kHz subcarrier spacing as baseline. In other words, the symbol length and the CP length within a symbol can be calculated by the scale factors in given subcarrier spacing.
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Figure 1: Symbol and CP length with different subcarriers spacing in one subframe
As shown in figure 1, for reference numerology with 15 kHz subcarrier spacing the symbol length and CP length are assumed as T0 and CP0 respectively. When subcarrier spacing is 30KHz, the symbol length and CP length are shorted to 0.5*T0 and 0.5*CP0 respectively. When subcarrier spacing is 7.5KHz, the symbol length and CP length are extended to 2*T0 and 2*CP0 respectively. As subcarrier spacing becomes larger, the corresponding symbol length and CP length will also become shorter, and vice versa. Typically, a less than CP/2 inaccuracy in DL timing after synchronization is deemed to be acceptable. Higher false alarm probability threshold can achieve better timing accuracy, but leads to longer cell identification delay. That means shorter CP length needs longer cell synchronization delay (if the density of synchronization signal is the same). Therefore, cell identification delay might be affected by CP length.
Observation 2: cell identification delay might be affected by numerology.
	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, it was agreed in RAN1 that 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. Therefore after power on, without any information provided on the network deployment surrounding, it’s likely that UE will perform NR-PSS and NR-SSS detection based the predefined subcarrier spacing for a given frequency range.cell identification delay in initial access may base on the predefined subcarrier spacing for a given frequency range.
3. Conclusions

In this contribution we provide analysis on initial access RRM requirements based RAN1 latest progress. After discussion the following conclusions are drawn:
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.
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