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Introduction
NR is envisaged to support diverse families of usage scenarios including eMBB, mMTC and URLLC and a group of scenarios and key performance indicators were defined in [1]. Similar to LTE, in NR the UE will perform initial access procedures before it can start normal data transmission/reception, including e.g. “cell” search, downlink synchronization, system information acquisition and random access, etc. In this paper, we will discuss the potential challenges of the initial access procedures in NR.
Challenges of initial access in NR
Multiple numerologies
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For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to
 
the same frequency range
Note: RAN1 does not assume to apply very low value of 
subcarrier
 spacing to very high carrier frequency
)As agreed in RAN1#84bis, NR is intended to support multiple numerologies in the same frequency range considering that different services have different QoS requirements.





Since multiple numerologies can apply to the same frequency range, multiple corresponding sub-bands (i.e. subset of the frequency range) may exist in NR system. After the initial access procedures, the UE will be locked on the corresponding sub-band(s) according to the type of the service(s) that it initiated. The mapping between numerologies and services are shown in Figure 1.
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Figure 1: multiple numerologies and services
However, it is currently not clear how the UE will perform the initial access procedures in a NR system that consists of multiple numerologies, for example how to perform the “cell” search and achieve the DL synchronization, and how to know the bandwidth of each numerology (sub-band). The following two options might be considered: 
1) Option 1: There is one common initial access resource for all the numerologies and the common initial access resource is designed based on one specific numerology (e.g. 15KHz subcarrier spacing).
2) Option 2: There is one individual initial access resource for each numerology. 
With Option 1, we can have a simple system design however the common initial access resource may not be optimal for all the numerologies. With Option 2, one challenge is how the UE knows the initial access resource for each sub-band. Another challenge is that the bandwidth of each numerology (sub-band) might be changed dynamically due to the changed traffic load on it, hence the corresponding initial access resource might be changed as well. Option 2 might increase the complexity of the initial access procedure and increase the UE power consumption.
[bookmark: OLE_LINK1]Proposal 1: Discuss the initial access procedure in NR considering multiple numerologies, i.e. to support a common initial access resource for all numerologies or separate initial access resource for each numerology.
High frequency
NR is assumed to operate over frequency ranges up to 100 GHz, which is considered as an important technology for capacity improvement. However, this comes challenges due to fragile radio link and limited propagation such as lower diffraction and higher penetration losses, and antenna array is used to improve the gain by beam forming. 
The high frequency NR could be deployed either standalone or as an overlay with a macro layer, and the macro layer could be either NR or LTE. Correspondingly, for the initial access in high frequency NR, the following two schemes are possible: 
· low frequency assisted initial access in high frequency NR
· standalone initial access in high frequency NR
Standalone initial access in high frequency NR seems much more challenging. When performing “cell” search and DL synchronization, the UE will have to consider different beams separately. For system information broadcast, the NW needs to force the beams to sweep over the whole “cell” coverage area with the system information repeated. If the initial access in high frequency NR can be assisted by low frequency layer, at least some of the problems caused by the rapidly variant radio conditions could be solved and the who initial access procedure could be simplified. For example, the system information of high frequency NR could be provided over the low frequency layer. Considering these aspects, it could simplify the study to prioritise the low frequency assisted initial access in high frequency, meanwhile forward compatibility to future standalone initial access can be considered.
Proposal 2: In the study of initial access in NR, prioritize the low frequency assisted initial access on high frequency NR. 
Prioritized access for mission-critical services
Considering the diversity of services supported in NR, should NR prioritizes the initial access (e.g. random access) for mission-critical services needs to be discussed because of the limited initial access resource. For instance, URLLC and V2X services have more strict delay requirements thus should be considered as mission-critical services and have higher priority compared to other services. Without service differentiation at the initial access phase, the uncritical services can impair the successful initial access of the mission-critical services. For example, the initial access of mission-critical services can be delayed due to the collisions in the random access procedure that caused by the massive initial access requests from other uncritical services [3]. Several possible solutions might be considered to achieve this purpose, for example dedicated preambles or higher access factors for the initial access for mission-critical services.
Proposal 3: In NR, the initial access procedure should allow to prioritize the initial access for mission-critical services.
Initial access coverage
The challenges of initial access considering coverage include at least:
· The supported “cell” range in extreme case in NR could be up to 200 ~ 400km;
· Support of bad coverage mMTC UEs that located in the basement;
· Support of high frequency NR with high penetration loss; 
For NR, the initial access procedures should be carefully designed so that coverage-challenging scenarios could be addressed. It is expected that the whole initial access procedures might be impacted. As a design target, common initial access procedures are desired.
Proposal 4: For NR, the initial access procedures should be carefully designed so that coverage-challenging scenarios could be addressed.
Different UE capabilities
It is expected that NR will support the three usage scenarios i.e. eMBB, mMTC and URLLC in one single technical framework. However, the capability of the UEs for each usage scenario might be quite different, e.g. the low-end UEs for mMTC may only support quite narrow bandwidth while the high-end UEs for eMBB can support very large bandwidth for the purpose of peak data rate promotion. 
In NR, the initial access procedures should be carefully designed so that different UE capabilities could be taken into account. For example, it worth to discuss whether different system information blocks will be introduced towards different UE capabilities, like what have been done for eMTC and NB-IOT in LTE. 
Proposal 5: In NR, the initial access procedures should be carefully designed so that different UE capabilities could be taken into account.
Initial access capacity
According to the requirement of NR, the target for connection density should be 1 000 000 device/km2 in urban environment. This requirement will pose a big challenge to the design of the initial access procedure (e.g. random access procedure) in terms of capacity. For mMTC, the initial access might be infrequent; while for mMBB, the initial access might be rather frequently due to e.g. keep-alive messages. In NR, it is expected that the random access resources should allow to be dynamically adjusted according to the initial access load. In case of access surge, i.e. a large quantity of UEs transmitting data almost at the same time, some mechanisms should be considered to alleviate the initial access surge.
Proposal 6: In NR, the initial access resources should allow to be dynamically adjusted according to the access load.
Initial access performance
NR defines the control plane delay as 10ms which refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE). The performance of initial access procedure (e.g. random access) will impact the control plane delay, therefore carefully design is desired. According to the analysis in [2], if the LTE procedures are reused, the desired delay target is difficult to be achieved even considering short frame structure.
Proposal 7: In NR, the initial access procedure should be carefully designed so that the latency requirement could be fulfilled.
Conclusion
In this contribution, we discussed the potential challenges of the initial access procedures in NR, and we have the following proposals:
Proposal 1: Discuss the initial access procedure in NR considering multiple numerologies, i.e. to support a common initial access resource for all numerologies or separate initial access resource for each numerology.
Proposal 2: In the study of initial access in NR, prioritize the low frequency assisted initial access on high frequency NR. 
Proposal 3: In NR, the initial access procedure should allow to prioritize the initial access for mission-critical services.
Proposal 4: For NR, the initial access procedures should be carefully designed so that coverage-challenging scenarios could be addressed.
Proposal 5: In NR, the initial access procedures should be carefully designed so that different UE capabilities could be taken into account.
Proposal 6: In NR, the initial access resources should allow to be dynamically adjusted according to the access load.
Proposal 7: In NR, the initial access procedure should be carefully designed so that the latency requirement could be fulfilled.
References
[1]. [bookmark: _Ref444075986]RP-160689, TR 38.913 v0.3.0, Study on Scenarios and Requirements for Next Generation Access Technologies.
[2]. R2-162662,	Low latency and low overhead transmission for NR; Huawei, HiSilicon
[3]. [bookmark: _Ref449719663]METIS II White Paper, 5G RAN Architecture and Functional Design, March 8th, 2016.
3GPP
image1.emf
Numerology 1

Numerology 2

Numerology 3 Service 3

Service 2

Service 1

t

f


