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1 Introduction
In this paper, we discuss measurement for NR based on SS blocks in SS burst set periodicity and the current RAN1 agreement of synchronization signal.
2 Discussion 
2.1 Background
RAN1 made agreement related to synchronization signal in the last RAN1#89 meeting as follows. 

	[SS sequence design]

Agreements: 
· Confirm following working assumptions on NR-PSS as agreements

· Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110

Working assumption: 
· NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts

· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence
· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1
· Initial state is [0000001]
· The cyclic shift values [image: image2.png]
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 are jointly determined by the cell IDs carried by NR PSS (i.e., [image: image6.png]


) and NR SSS (i.e., [image: image8.png]


)), where the cell ID is given by [image: image10.png]NE = 3N + N
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[SS block composition and SS burst set composition]

Agreements: 
· For SS block composition, the following should be supported

· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.

· In case that number of PBCH symbols is two within a SS block,

· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS

· Down selection from above options should be done together with NR-PBCH design decision

Agreements:
· For the possible SS block time locations following mapping is followed:

· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing

· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing

· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing

· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation

Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements



And, Ran4 discussed how to define measurement time for NR which allows beam forming for cell search and not yet decided in the last meeting. The discussed points to be assumed for cell search are as follows.
· gNB Tx Antenna

· Omni-directional

· Tx Beam forming

· UE Rx Antenna

· Omni-directional

· Rx Beam forming

It is related to both cell detection time and measurement time. 
2.2 Cell identification for NR 
Cell identification time is core requirement and can be differently defined according to where beamforming is considered or not for NR. Beamforming is considered in NR to extend cell coverage in high frequency region. There are two kinds of beamforming such as Tx beamforming and Rx beamforming. 
Figure 2.1 shows the relationship between beamforming and cell coverage with 4 cases:

· 1 : Tx with omni-direction & Rx with omni-direction

· 2 : Tx with omin-direction & Rx with rx beamforming

· 3 : Tx with tx beamforming & Rx with omni-direction

· 4 : Tx with tx beamforming & Rx with rx beamforming
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Figure2.1. beamforming vs cell coverage
In aspects of cell coverage, beamforming which is performed at both Tx and Rx is benefit. For example, from figure2.1, cell coverage is best in this case of 4. 
However, in aspect of cell identification time, beamforming is not benefit because of long cell detection time and long measurement time.  In NR, synchronized signal can be applied with SS block in SS burst set for Tx beamforming and UE can perform Rx beamforming. Or, synchronized signal can be applied with omni-direction and UE also can perform omni-direction. 
For example, when the followings are assumed,
· Maximum number of SS-blocks within SS burst set, L is 64 for frequency range from 6 GHz to 52.6 GHz 

· A) Each SS block represents different direction

· B) Each SS block represents same direction

· The number of UE Rx beam is 
· a) 1(omni-direction)
· b) 4(non-omni)

corresponding cell detection time is expected to be 

· A) + a) : 1 SS burst set periodicity
· B) + a) : 1 SS burst set periodicity

· A) + b) : 4*SS burst set periodicity

· B) + b) : 4*SS burst set periodicity
Here, it is assumed to detect cell with one-shot measurement when Tx beam direction is aligned with UE Rx beam direction. Based on the analysis, cell detection time is related to not number of SS blocks within SS burst set but the number of UE Rx beam. However, it is difficult for gNB to know the number of UE Rx beam and whether UE performs Rx beamforming or not. 
Including these points, above all, we should decide baseline among above 4 cases in figure2.1 to define/evaluate cell identification time and measurement time. According to 4 different cases, side condition is expected to be surely different. It is evaluated through system level simulation.

· Proposal 1: Side condition should be defined through system level simulation which considers both beamforming and non-beamforming at both Tx & Rx.
· Proposal 2: RAN4 should decide baseline among beamforming and non-beamforming for both gNB and UE to specify RRM measurement requirements.
3 Conclusion
In this paper, we provided our view on cell detection time and the factors to impact the cell detection time such as beamforming and non-beamforming. Based on the views, we propose as follows.

· Proposal 1: Side condition should be defined through system level simulation which considers both beamforming and non-beamforming at both Tx & Rx.
· Proposal 2: RAN4 should decide baseline among beamforming and non-beamforming for both gNB and UE to specify RRM measurement requirements.
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