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1. 
Introduction

In this contribution, we provide initial access and mobility design consideration for NR, focusing on sub6GHz deployment. We will cover four different topics, (1) SYNC design (2) System information (MIB, SIB) design (3) Random access (RACH) design and (4) mobility design 
2. 
SYNC signal design consideration
NR needs to support deployment in wider bandwidth, which can significantly increase the complexity for the device to acquire SYNC signal via frequency scan. It is desirable for NR SYNC signal design to aim for reduced UE complexity and fast acquisition. As results, a single numerology should be used for a given frequency band and SYNC signal bandwidth should match the smallest eMBB system bandwidth for a given frequency band.  

Proposal 1: NR SYNC signal design should use a single numerology for a given frequency band and SYNC signal bandwidth should match the smallest eMBB system bandwidth for a given frequency band.

In addition, for stand alone NR carrier, in order to facilitate the system acquisition, SYNC signal should have high duty cycle, e.g. 5ms. This can provide many benefit including

1. In LTE, the measurement gap is 5ms. High duty cycle SYNC signal (e.g. 5ms) enables the inter-RAT measurement from LTE to NR.

2. High duty cycle SYNC allows fast system acquisition.

Proposal 2: For stand alone NR carrier, SYNC signal should have high duty cycle, e.g. 5ms, in order to facilitate the system acquisition.
For non-stand alone NR carrier, SYNC signal duty cycle can be configurable, but the waveform can be the same as SYNC for stand alone.
Proposal 3: For non-stand alone NR carrier, SYNC signal duty cycle can be configurable, but the waveform can be the same as SYNC for stand alone.
NR system design needs to be optimized for both FDD and TDD deployment, to help the device simplify the system acquisition process, it is desirable to have the same SYNC signal for both FDD and TDD deployment.
Proposal 4: Have the same SYNC signal for both FDD and TDD deployment

SYNC signal also carries the cell ID (PCI) which enables UE mobility including cell-reselection and handover. In a synchronized deployment, is can be beneficial to reduce the cell ID by allowing multiple cells transmit the same ID using SFN, which enables the UL based mobility. In our contribution [1] 
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[2], we showed that in mobility challenging scenario, UL based mobility can (1) Reduce UE power consumption (2) Reduce NW resource utilization (3) Reduce paging miss (4) Reduce handover failure. Therefore, we propose to have flexible design to support both cell ID similar as LTE (e.g. 504) and consider reduced size cell ID for synchronized deployment and UL based mobility
Proposal 5: Flexible SYNC signal design to support both cell ID size similar as LTE (e.g. 504) and consider reduced size cell ID for synchronized deployment and UL based mobility

3. 
System information (MIB, SIB) design consideration

System information (MIB, SIB) is crucial for initial system acquisition and initial access, in addition to other functionality such as intra-frequency, inter-frequency and inter-RAT mobility. On the other side, it also introduces high overhead due to the constant transmission of MIB/SIB signals OTA, especially when NW is lightly load. SI reading also increases UE power consumption. 

To reduce the NW overhead on transmitting SI, on demand SIB delivery should be enabled.

Proposal 6: On demand SIB delivery should be enabled to reduce SIB transmission overhead.

For non-stand alone NR carrier, strictly speaking, SI (MIB and SIB) is not needed. However, it is highly desirable to enable system information delivery to enable easy system deployment and hardware reuse. 
Proposal 7: For non-stand alone NR carrier, system information delivery can be enabled to allow easy system deployment and hardware reuse. 

To simplify and allow fast system acquisition, if MIB is delivered on a NR carrier, it is desirable to have matching periodicity of MIB and SYNC signals.

Proposal 8: If MIB is delivered on a NR carrier, it is desirable to have matching periodicity of MIB and SYNC signals.

For synchronized deployment with UL based mobility support, essential SI could be transmitted in SFN manner transparent to UE in order to improve UE mobility performance
Proposal 9: For synchronized deployment, essential SI could be transmitted in SFN manner transparent to UE in order to improve UE mobility performance.
SI also provides RACH configuration for initial access, for NR, RACH configuration can be obtained via three possible solutions (1) Database loop up based on MIB reading (2) MIB reading then bootstrap to SIB reading for RACH configuration (2) On demand SIB reading

Proposal 10: For NR, RACH configuration can be obtained via three possible solutions (1) Database loop up based on MIB reading (2) MIB reading then bootstrap to SIB reading for RACH configuration (2) On demand SIB reading

4. 
Random access design consideration

RACH procedure could be further optimized in NR compared to LTE.

LTE 4 step (MSG 1/2/3/4) contention resolution can introduce unnecessary delay and overhead. Steps for RACH to complete can be reduced for latency reduction.

Proposal 11: Steps for RACH to complete can be reduced for latency reduction.

To improve the RACH reliability and also to allow cell search at NW side for UL based mobility, RACH may target a single TRP or multiple TRPs.

Proposal 12: RACH may target a single TRP or multiple TRPs
5. 
Mobility design consideration

In general, mobility can be divided into two different categories, DL based mobility and UL based mobility. For DL based mobility, NW sends the reference signal, UE performs measurement. For UL based mobility, UE sends the reference signal but NW performs the measurement. In our contribution [1] 
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[2], we show that in mobility challenging scenario, UL based mobility has the potential to improve paging/handover reliability, while reducing the UE power consumption and NW resource utilization. Therefore, we propose to consider both DL and UL based mobility for NR.
Proposal 13: Both DL based and UL based mobility should be considered for NR 

Proposal 14: For DL based mobility, TRP strength measurement can be based on SYNC, DL-MRS and DL-CSI-RS

Proposal 15: UL based mobility can be used to complement DL based mobility in the following areas.

· Reducing HO delay and improve HO reliability

· Reducing eNB DL measurement signal and paging overhead

· Reducing eNB power consumption

· Reducing UE DL cell search and measurement power consumption

6.
Conclusion

In this contribution, we provide initial access and mobility design consideration for NR, focusing on sub6GHz deployment. We cover four different topics, (1) SYNC design (2) System information (MIB, SIB) design (3) Random access (RACH) design and (4) mobility design. Our proposals are as follows 

Proposal 1: NR SYNC signal design should use a single numerology for a given frequency band and SYNC signal bandwidth should match the smallest eMBB system bandwidth for a given frequency band.

Proposal 2: For stand alone NR carrier, SYNC signal should have high duty cycle, e.g. 5ms, in order to facilitate the system acquisition.

Proposal 3: For non-stand alone NR carrier, SYNC signal duty cycle can be configurable, but the waveform can be the same as SYNC for stand alone.

Proposal 4: Have the same SYNC signal for both FDD and TDD deployment

Proposal 5: Flexible SYNC signal design to support both cell ID size similar as LTE (e.g. 504) and consider reduced size cell ID for synchronized deployment and UL based mobility

Proposal 6: On demand SIB delivery should be enabled to reduce SIB transmission overhead.

Proposal 7: For non-stand alone NR carrier, system information delivery can be enabled to allow easy system deployment and hardware reuse. 

Proposal 8: If MIB is delivered on a NR carrier, it is desirable to have matching periodicity of MIB and SYNC signals.

Proposal 9: For synchronized deployment, essential SI could be transmitted in SFN manner transparent to UE in order to improve UE mobility performance.

Proposal 10: For NR, RACH configuration can be obtained via three possible solutions (1) Database loop up based on MIB reading (2) MIB reading then bootstrap to SIB reading for RACH configuration (2) On demand SIB reading

Proposal 11: Steps for RACH to complete can be reduced for latency reduction.

Proposal 12: RACH may target a single TRP or multiple TRPs

Proposal 13: Both DL based and UL based mobility should be considered for NR 

Proposal 14: For DL based mobility, TRP strength measurement can be based on SYNC, DL-MRS and DL-CSI-RS

Proposal 15: UL based mobility can be used to complement DL based mobility in the following areas.

· Reducing HO delay and improve HO reliability

· Reducing eNB DL measurement signal and paging overhead

· Reducing eNB power consumption

· Reducing UE DL cell search and measurement power consumption
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