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1 Introduction
In this paper, we discuss measurement gap 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]


 and [image: image4.png]


 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



Among the agreements, the transmission of SS blocks within SS burst set which  is confined to a 5 ms window regardless of SS burst set periodicity is related to design of measurement gap for NR. So, based on the agreement we would like to discuss NR measurement gap.

2.2 Measurement Gap for NR 
Measurement Gap is needed for neighboring cell search and measurement which is operated at different frequency with common RF chain. It is assumed for UE to know the information of neighboring cell frequency like LTE. In addition, SS burst set periodicity and starting time offset of 5ms of SS blocks are also assumed to inform to UE for NR. 
Herein, we should consider multiple neighboring cells with different SS burst set periodicity and different starting time offset for 5ms of SS blocks. The combinations are summarized as follows.
· A1. Same SS burst set periodicity & Same starting time offset for 5ms of SS blocks

· A2. Same SS burst set periodicity & Different starting time offset for 5ms of SS blocks

· B1. Different SS burst set periodicity & Same starting time offset for 5ms of SS blocks

· B2. Different SS burst set periodicity & Different starting time offset for 5ms of SS blocks

For cases of A1 and B1 with same starting time offset, common Measurement Gap(MG) can be used. Figure 2.1 shows B1 case with LTE MGs(MGL of 6ms and MGRP of 40ms or 80ms) with starting time offset of 0 for 5ms of SS blocks. 
In case of MGRP of 40ms, all MGL align with 5ms of SS blocks  for up to 40ms for SS burst set periodicity. In other hand, for 80ms and 160ms of SS burst set periodicity, all MGL does not align with 5ms of SS blocks and it only aligns one time per each SS burst set periodicity.  
In case of MGRP of 80ms, all MGL align with 5ms of SS blocks  for up to 80ms for SS burst set periodicity. In other hand, for 160ms of SS burst set periodicity, all MGL does not align with 5ms of SS blocks and it only aligns one time per SS burst set periodicity of 160ms.  

It means that the opportunity of measurement is not equal and dependent of SS burst set periodicity if LTE MG is assumed. Therefore, for the equal opportunity of measurement, new MGRP can be considered. For example, longest SS burst set periodicity can be set as MGRP for NR. For example, if the longest SS burst set periodicity is configured with 160ms, the corresponding MG can be configured with MGL = 6ms and MGRP = 160ms.
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Figure2.1. MG for different SS burst set periodicity with same starting time offset for 5ms of SS blocks

For cases of A2 and B2 with different starting time offset, common Measurement Gap(MG) cannot be applied. Because, it is not ensured to put 5ms of SS blocks in common MGL of 6ms. Figure 2.2 shows B2 case with LTE MGs . To cover different starting time offset for 5ms of SS blocks with common MG, MGL should be extended. It is not desirable in aspects of complexity of MG management and loss of serving cell scheduling.
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Figure2.2. MG for different SS burst set periodicity with different starting time offset for 5ms of SS blocks

Therefore, for simple MG management and serving cell scheduling opportunity, starting point for 5ms of SS blocks should be aligned with MGL. Here, RF switching margin is considered.
Another discussion point is that neighbouring cell is not time-synchronized with serving cell. In other words, sub-frame boundary is not aligned between both cells. In this case, it is not ensured to align MGL of serving cell with 5ms of SS blocks in neighbouring cell. For this case, how to measure and how to define MG needs further study.
· Proposal 1: For synchronized NW, starting point for 5ms of SS blocks should be aligned with MGL except for RF switching margin.
· Proposal 2: For a-synchronized NW, how to define MG needs further study.
· Proposal 3: MGL is specified with summation of 5ms of SS blocks and RF switching margin.
· Proposal 4: MGRP is specified with configured longest SS burst set periodicity. 
3 Conclusion
In this paper, we provided our view on measurement gap in aspects of synchronized NW and a-synchronized NW based on the RAN1 agreement. And, we propose as follows.

· Proposal 1: For synchronized NW, starting point for 5ms of SS blocks should be aligned with MGL except for RF switching margin.
· Proposal 2: For a-synchronized NW, how to define MG needs further study.
· Proposal 3: MGL is specified with summation of 5ms of SS blocks and RF switching margin.
· Proposal 4: MGRP is specified with configured longest SS burst set periodicity. 
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