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1. Introduction

In NSA, intra-/inter-frequency and/or inter-beam measurement on NR frequency layers is expected. For inter-frequency and inter-beam measurement, the target cell will be in different frequency and/or spatial domain from the serving cell. As a result, similar concept of measurement gap introduced in LTE should be introduced in NR.
In this contribution, SS based inter-frequency measurement and the corresponding impact on measurement gap design are discussed. It is noted that this contribution mainly focus on NSA and no inter-RAT measurement is expected on NR frequency layer.
2. Synchronization signal (SS) block
It has been agreed in RAN1 that SS block will be introduced not only for synchronization but also for RRM measurement including RSRP/RSRQ. The basic design of SS block can be illustrated by Figure 1. 
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Figure 1: Illustration of SS block design

Some related agreements in RAN1 are summarized below

· SS block consists of 1 symbol NR-PSS, 1 symbol NR-SSS and 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed).  

· PSS

· Frequency domain-based pure BPSK M sequence (Working Assumption)

· g(x) = x7 + x4 + 1, initial state: 1110110, length 127

· 3 PSS sequence (Working Assumption)

· freq. domain 3 cyclic shifts (0, 43, 86)

· The number of antenna port of NR-PSS is 1
· SSS
· Long M-sequence with scrambling 
· Length 127
· 1000 post-scrambling sequence
· Support ~1000 cell IDs
· PBCH
· Time index indication: PBCH
· conditioned that mobility and HO related requirements can be met
· Bandwidth of PBCH: 288 subcarriers
· Number of OFDM symbols: [2] OFDM symbols
· Additional symbols if MIB is large
· PBCH phase reference: dedicated DM-RS

· PBCH TTI: 80 msec
· NR-SS bandwidth: Minimum carrier (standalone cell) is frequency band dependent

· Up to 6GHz: 5 or 10MHz

· Above 6 GHz : 40 or 80 MHz
· The number of antenna port of NR-PSS is 1
It is noted that the exact format of SS block is still to be confirmed by RAN1. That include the order of PSS and SSS and number of symbols PBCH occupied. 
Additionally, the concepts of SS burst and SS burst set period are introduced. Generally, SS burst per SS burst set period can consist of multiple SS block. This feature is introduced to improve the coverage of SS block and/or to accommodate the scenarios when SSS and PBCH in different SS block can be transmitted with different beamformer. Even though the exact design is still ongoing in RAN1, the high level format however has been quite converged. Below, some selected design proposals in RAN1 are provided
· Proposal 1: Intel(R1-1704708)
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· Proposal 2: Ericsson(R1-1706008)
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· Proposal 3: Huawei(R1-1705052)
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The commonality of above design proposals is SS block within the same SS burst will be transmitted continuously, even though colliding with PDCCH, PUCCH and UL/DL gap symbols still should be avoided. The overall format of SS block transmission is depicted as
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Regarding SS burst and SS burst set period, the agreement in RAN1 can be summarized as below
· SS burst Set Period
· Initial cell selection: 20 msec
· if Network assistance information (NAI) is available, configurable {5, 10, 20, 40, 80, 160} msec (for CONNECTED/IDLE)
· If NAI is not available, 5 msec
· Maximum number of SS blocks, L, per SS burst set period
· up to 3 GHz: L = [1, 2, 4]
· from 3GHz to 6 GHz: L = [4, 8]
· from 6 GHz to 52.6 GHz: L = [64]
3. On measurement gap for NSA NR

Compared to LTE, the format of SS in NR is much more flexible in terms of periodicity and the number SS pair per period. As a result, it would be very challenging that a single measurement gap configuration can cover all different cases. 
· On measurement gap length

For sub-6GHz only system, it is assumed that 2-3 SS blocks are carried per slot (1ms) and up to 4 consecutive slots (4ms) are needed to transmit all SS block per SS burst set period when SCS=15kHz and L=8. If RF tuning time is considered, at least 5ms measurement gap length is needed. This is based on the assumption that the timing of SS block are perfectly known. When L=64 for mmWave case, 8-12 SS block per 1ms is assumed considering 60kHz SCS. In this case, minimum gap length is around 9ms if the timing of SS block and burst set is known. When SCS is different, the corresponding MGL should be recalculated. 
· On measurement gap repetition period
Depending on initial cell selection and availability of NAI, the SS burst set length can be configuration {5, 10, 20, 40, 80, 160} msec. Different measurement objects can come up with different SS burst set length. Per measurement object, it is possible that different cells may have different SS burst set length. Meanwhile, the offset of the SS burst set within period can be another variable to complicate the situation.     

Overall, the measurement gap design for NR can be quite complicated considering the following aspects:
· Various SS burst set length due to different L and SCS

· Various SS burst set period configuration, including {5, 10, 20, 40, 80, 160} ms among different frequency layers 
· Various SS burst set period configuration, including {5, 10, 20, 40, 80, 160} ms among different cells per frequency layer
· Offset of the SS burst set within each period
If the aforementioned aspects are left to be flexibly configured, it is going to be very challenging to define the NR measurement gap. Consequently, it is proposed to investigate from the following two aspects to facilitate NR measurement gap design.

· Restrict the flexibility regarding SS block, SS burst set and SS burst set period for different frequency layers.
· Investigate the definition of NAI

· Reuse LTE measurement gap configuration as much as possible  

4. Conclusion
Observation: the measurement gap design for NR can be quite complicated considering the following aspects:

· Various SS burst set length due to different L and SCS

· Various SS burst set period configuration, including {5, 10, 20, 40, 80, 160} ms among different frequency layers 
· Various SS burst set period configuration, including {5, 10, 20, 40, 80, 160} ms among different cells per frequency layer
· Offset of the SS burst set within each period

Proposal: it is proposed to investigate from the following two aspects to facilitate NR measurement gap design.

· Restrict the flexibility regarding SS block, SS burst set and SS burst set period for different frequency layers.

· Investigate the definition of NAI
· Reuse LTE measurement gap configuration as much as possible  
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