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1	Introduction
In the RAN4 meeting in Ljubljana RAN4 agreed on a WF for NR RRM in [1]. The agreed WF contains many topics for further study and discussion in RAN4 and in this paper we take a look at some of these.
This paper will discuss flexible numerology, measurement bandwidth and cell detection. On this topic, the following agreements were reached in RAN1#86bis:Agreements:
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.
· Detailed definition of NR cell FFS
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement
· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)
· Option 2: RS for demodulating broadcast channel
· Option 3: RS for mobility
· FFS if and how to associate the cell ID with this RS
· FFS this RS is for multi-beam and/or single-beam
· Option 4: Any combinations of above
· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode

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
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



And following working agreement was made:
	Working assumptions:
· 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
· 
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2.1	Background
NR system is expected to operate using single-beam and multi-beam operation, in scenarios below and above 6 GHz, in licensed and (forward compatible) un-licensed mode. Now when considering possible beam forming architectures, it can be envisioned that a cell may have one or multiple TRPs and each TRP may be having one or multiple TXRUs. E.g. with hybrid beamforming system this means that a cell may form multiple analog beams at a time. 
In single-beam approach the cell would transmit synch signals via sector wide beams e.g. once in the given periodicity. Furthermore, it is considered that in single-beam mode coverage enhancement should be supported meaning that the synch signals should be able to be transmitted in repetition manner. In multi-beam operation the cell (may consists of multiple TRPs) transmits synch signals in beam sweeping manner. In some multi-beam architectures, the ‘SS-block’ (e.g. NR-SS and NR-PBCH) could be transmitted individually to each beam or could be transmitted in SFN manner, i.e. the same signal transmitted in superposition manner from parallel beams in the cell. The preferred/feasible beam forming configuration will of course depend on the deployed frequency band. Hence the required time domain structure of SS signal needs support different scenarios.
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(a) Multibeam without SFN operation
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(b) Multibeam operation with SFN operation over sub-set of beams, with and without repetition
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(c) Multibeam operation with SFN and with and without repetition

Figure 1. Illustration of possible different ‘beam’ operation modes. 


The time duration of the SS-block will have a direct impact to the overall duration and/or overhead of the beam sweep procedure. The structure of the SS-block is discussed under discussion in RAN1 and will not be covered in this contribution.
2.2	Flexible Numerology
In the WF [1] RAN4 one aspect to further discuss was:
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

The system frame structure configuration where certain time occasions are reserved to transmit SS-block(s) together with the number of SS-blocks that can be transmitted during one SS-occasion (e.g. one sub-frame), will determine the total time required to transmit SS-blocks for all intended beams. Hence, like noted in above section, in addition to the total size of single SS-block (in terms of symbols), the periodicity and size of the SS transmission occasions would need to be known to assess the periodicity of SS-burst set. 
The (minimum) periodicity and the size of the SS-occasions could be fixed or dependent on the used sub-carrier spacing (e.g. default) and the desired (maximum) overhead. It has been agreed in RAN1#86bis that sub-frame is defined as 1ms time reference. Furthermore the slot definition has been discussed, being either 7 symbols and/or 14 symbols, depending on the assumed sub-carrier spacing. Hence when considering the periodicity and duration of SS transmission occasions it could be for example assumed that occasions occurs every 10ms and lasts for 1ms resulting varying size for the SS transmission occasion based on the used numerology. 
Other alternative is that SS transmission occasions is set to appear every M*slots, where the slot duration would be based on the default numerology, and each occasion would last N*slots. As it could be anticipated that the size of antenna arrays (in term of beams) would increase at higher frequency bands together with increase in sub-carrier spacing, it would seem preferable to base the SS transmission occasion definition on slots. 
Based on these fact it may be observed that for RAN4 this could mean that the numerology may impact the UE cell detection requirements.
Observation 1: The numerology may impact the UE cell detection requirements. 

2.3	NR synchronisation signal configuration 
RAN1 is still discussing the details related to SS transmission occasions (as also discussed in 2.2), SS burst definition and SS burst set definition. Additionally the details concerning the transmission and mapping is open in RAN1. RAN4 agreed in the WF to further look at following:Way forward
· Continue to investigate impact of bandwith on measurements.
· Study the ways in which UEs with different supported BW and numerology can perform cell selection in NR
· Study the ways in which UEs with different supported BW and numerology can perform measurements in NR
· Continue to investigate the impact of supported BW and  multiple numerologies on measurement BW


In the following we will try to look a bit more on how the RAN1 agreements and working assumptions could impact RAN4 work. In order to simplify the discussion we make some assumptions: the SS burst covers SS blocks transmitted during one SS transmission occasion and there could be a varying number of SS blocks a SS burst. Additionally no conditions are set on the SS burst duration and the number of needed SS burst, as well as the SS-burst within the SS-burst set may have varying size e.g. different number of SS-blocks.
Based on the discussions it is clear that the requirements for NR synchronization signal configurability differ significantly from those that exist for example for LTE. In figure 2 we have illustrate an example of SS-burst and SS-burst set configuration. In the figure, it is assumed that each SS-burst transmission occasion can encompass two SS-blocks and that SS-burst occasions are repeated after a certain period. In the given deployment the cell has a beam forming configuration (consisting of TRPs with TXRU’s) that leads to a requirement to be able to sweep over 5 individual beams e.g. transmit 5 SS-blocks. As each SS-burst transmission occasion can fit only 2 SS-blocks (to keep the figure simple), three SS bursts are need to cover a full sweep. Two of the SS transmission occasions are occupied fully by two SS-blocks, but on the last only one SS-block is transmitted. Following the number of SS burst required, the SS burst set could be set to be three SS transmission period long. However as there is a desire to reduce the system overhead of the SS-block transmission, the SS burst set is set to be six SS transmission occasions long. 
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Figure 2. Illustration of SS-burst and SS-burst set configuration
In order for the UE to be able to efficiently measure (and detect) this kind of configurable synchronization signal configuration, UE would need to know different parameters or be able to assume certain behaviors. As noted in Section 2.1, UE would need to have some assumption of the possible periodicity of the SS transmission occasions, and preferably also the possible SS transmission occasion size e.g. SS-burst structure. These could be frequency band/numerology dependent. Naturally UE would also need to know the SS-block structure.  
Observation 2: The SS-block structure, minimum SS-burst periodicity and size (in terms of SS-blocks) for a given numerology and/or frequency band will likely impact UE cell detection and measurements.
It is given that to facilitate the UE measurements, UE should know also the SS burst set periodicity, but also the number of SS bursts in a SS burst set could be informed to the UE. If the SS-burst are located in a continuous manner, for example from the beginning of SS burst set (in case all SS transmission occasions are not used), the UE measurements could be better focused. This could also benefit the inter-frequency measurements 
Observation 3: Number and location of the SS-burst in a SS-burst set is could impact the UE measurements and performance.
Observation 4: The SS burst set periodicity is also likely to have effect on UE measurements. 

2.6	Implications of SS-burst set to initial cell search 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

When considering the cell selection and specifically initial blind search (cold cell selection), when no assistance information is available in the UE, UE needs some assumptions of the periodicity of synchronization signal to facilitate the cell search. Thus in order to detect the cell (or deem the cell nonexistent), UE would need spend enough time to have received sufficient number of synchronization signal occurrences. Thus to the limit the time UE needs to spend doing blind search on a single carrier in attempt to find a cell, it would be preferable if the period of the SS-burst set would be short. 
However, like discussed in previous sections, in order to support large amount of SS-blocks/beams (e.g. in hybrid beam forming) and to keep the system overhead reasonable, it might not always be feasible to keep the SS-burst set periodicity short. From a system perspective it can be seen that that it might not be desirable to mandate the network to continuously transmit synchronization signal with very short periodicity. On the other hand it would not be desirable to enforce too extensive search periods for UE initial blind search either. 
Now, in deployment where multiple carriers (or RATs) exist it would seem possible to ensure that at least on some of the carriers the network would be configured with sufficiently high synchronization signal periodicity to facilitate the initial blind cell selection search and also other measurements. With this approach, UE assumed search time (on a given carrier) could be limited. On carriers where lower synchronization signal periodicity (than the minimum assumed by UE) is used, naturally the initial blind cell detection probability would be reduced as UE’s might not monitor for a sufficient time. However, this would only hinder the initial blind access to those cells.
Observation 5: Assuming a certain (frequency band dependent) SS-burst set periodicity from initial blind cell detection perspective could impact cell selection and detection latencies.
Once UE has obtained access to the network, it can be provided with necessary information regarding the configuration on different carriers, including configurations related to the SS-burst and burst set, to facilitate the additional cell searches and measurements. What exact information would need to be provided to the UE, what other assumptions could be taken and how this should for example be reflected in the definition of inter-frequency measurements procedures and finally in the UE requirements, would need to be further studied
Observation 6: Flexibility in transmission of synchronization signal will impact UE measurements at least for cell selection.
Observation 7: Having a’priori information the drawbacks of the reduced synchronization signal periodicity may be reduced
Observation 8: Final flexibility of the SS-burst set configuration will determine the impact on serving and neighboring cell measurements and mobility related procedures.


3	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In the RAN4 meeting in Ljubljana RAN4 agreed on a WF for NR RRM in [1]. The agreed WF contained many topics for further study and discussion in RAN4 and in this paper we looked at some of these. We discussed flexible numerology, measurement bandwidth and cell detection and made a number of observations:
Observation 1: The numerology may impact the UE cell detection requirements. 
Observation 2: The SS-block structure, minimum SS-burst periodicity and size (in terms of SS-blocks) for a given numerology and/or frequency band will likely impact UE cell detection and measurements.
Observation 3: Number and location of the SS-burst in a SS-burst set is could impact the UE measurements and performance.
Observation 4: The SS burst set periodicity is also likely to have effect on UE measurements. 
Observation 5: Assuming a certain (frequency band dependent) SS-burst set periodicity from initial blind cell detection perspective could impact cell selection and detection latencies.
Observation 6: Flexibility in transmission of synchronization signal will impact UE measurements at least for cell selection.
Observation 7: Having a’priori information the drawbacks of the reduced synchronization signal periodicity may be reduced
Observation 8: Final flexibility of the SS-burst set configuration will determine the impact on serving and neighboring cell measurements and mobility related procedures.
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