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1 Introduction

New Radio (NR) Access Technology Study Item has been approved in the RAN plenary #71 meeting [1]. The scenarios and requirements of the new radio are described in TR 38.913 [2]. The new radio emphasizes requirements for the cell-edge performance, with 5%-percentile user spectrum efficiency gains in the order of three times IMT-Advanced are proposed.
The 5%-percentile user performance requirements need to be met under different deployment scenarios, in particular, dense urban environment. Other sets of KPIs specify stringent requirements for mobility interruption time, control plane, user plane latency and latency of infrequent small packets transmission [2].  In this contribution, these challenges are discussed and an overview of radio access mechanism that RAN1 can study to address these requirements is described.
2 Challenges
2.1 Interference & mobility interruption due to continued network densification

The interference experienced by a UE is more severe as networks continue to densify. The interferers are stronger, the number of dominant interferers is large, and the interference variations are more severe and unpredictable [3]. Despite the use of CoMP, a UE will still experience degraded performance at the edge of a CoMP-set due to interference from neighbouring nodes in a dense network.
Another challenge in a dense network is mobility interruption. It is discussed in [3] that the frequent handover due to densification makes it very difficult to achieve a 0 ms mobility interruption time as required in [2] despite on-going enhancements in LTE.
2.2 Delay in system re-entry and data transmission

Current radio access mechanisms for data transmission introduce delay that cannot meet the latency requirement. There are two scenarios for transmitting a data packet on the uplink [3] as shown in Figure 1. Scenario 1 illustrates the delay incurred due to the dynamic request and grant procedure before an uplink data transmission. Scenario 2 illustrates the delay incurred when a random access procedure is required (e.g. when an uplink control channel is not configured) before an uplink data transmission.
The access delay due to the procedures is especially pronounced for infrequent small packets as every packet will incur such delay [3].
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Figure 1: Delay in transmitting uplink data. 
3 Radio Access Mechanism for 5G
3.1 Boundary-less Radio Access
In order to better manage the interference in a dense network to achieve a more uniform UE throughput experience, every UE needs to be dynamically served by an optimally selected set of cooperative TRPs. As the UE moves, the network side determines a new optimal serving TRP set that follows the UE. This flexibility in forming a serving TRP set is transparent to the UE in order to minimize the mobility interruption time. It is as though there is no cell boundary. The goal of a boundary-less radio access is to provide a true UE cell-centre-like experience anywhere anytime as shown in Figure 2. 
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Figure 2: Boundary-less radio access for true UE cell-centre-like experience.
The implications can be summarized as follows (with further discussions in [3]):
· A UE no longer has a rigid association with a physical cell. There is full flexibility in co-ordinating TRPs in the network to serve a UE. The radio access design such as initial access mechanisms (e.g. synchronization signals and broadcast channel) should not be tied to a physical cell but a logical access entity. 
· UE identification mechanisms in the physical layer that are not tied to a physical cell. The resulting UE ID not only can be used to identify a UE’s data transmission, the identification can persist after a UE’s initial system entry and when a UE moves across different TRPs. The identifier can therefore identify a UE across coverage of a logical access entity. Physical layer design (e.g. sequence design, configuration and UE-specific physical channels) is based on this UE ID as much as possible. 
· The signalling overhead of both sending pilots and reporting measurements may become too large and is not scalable with further densification. Therefore, the determination of the association between a UE and TRP will rely more on network-oriented measurements and discovery with uplink signals
· In order to minimize the mobility interruption time, the network needs more efficient mechanisms to track a UE based on uplink transmissions.

Proposal 1: In order to provide a boundary-less radio access with UE cell-centre-like experience for the new radio, RAN1 should study the following in a dense urban deployment scenario:

· Radio access design without rigid association with a physical cell. Physical layer design that is based, as much as possible, on an identifier that can identify a UE across coverage of a logical access entity.
· Network-oriented measurement and discovery with uplink signals to assist in UE-TRP association. Tracking mechanisms based on uplink transmissions that can minimize mobility interruption.
3.2 Low latency low overhead radio access 

In order to reduce the radio access latency of transmitting data (in particular, infrequent small packets), we need to consider the following:

· reduce or eliminate the random access procedure required to access the system when a UE is an energy-saving state (e.g. idle) or if a UE is not configured with an uplink control channel while it is in the connected state
· reduce or eliminate the dynamic request and grant procedure before a UE can transmit uplink data when it is in the connected state
In addition to latency reduction, another consequence of the above approach is that the signalling overhead associated with small packet transmission can be reduced [3]. In particular, eliminating the dynamic request and grant signalling can further reduce signalling overhead. Several physical layer aspects can be studied to provide a low latency low overhead radio access:

· With a physical layer design that is based on UE ID as much as possible (Section 3.1), access sequences can also be UE-specific. For UE system re-entry (e.g. from an energy-saving state to connected state), access procedure can be largely contention-free. A contention-free design includes physical channels definition and sequence design. 
· Mechanisms that do not require the dynamic request and grant procedure should be considered for transmission of infrequent small packets as shown in Figure 3. In order to support transmission mechanisms without grants, physical channel and reference signal design should be studied.
[image: image3.emf]NW

UE

Packet arrives

UL data without dynamic 

request and grant

Low latency


Figure 3: Uplink transmission without dynamic request and grant.
Proposal 2: In order to provide low latency low overhead radio access, RAN1 should study the design of physical channels, reference signals and sequences that enable:

·  A lighter or no random access procedure for UE fast re-entry to the system
· Uplink transmission mechanisms without dynamic request and grant.
4 Conclusion
Proposal 1: In order to provide a boundary-less radio access with UE cell-centre-like experience for the new radio, RAN1 should study the following in a dense urban deployment scenario:

· Radio access design without rigid association with a physical cell. Physical layer design that is based, as much as possible, on an identifier that can identify a UE across coverage of a logical access entity.
· Network-oriented measurement and discovery with uplink signals to assist in UE-TRP association. Tracking mechanisms based on uplink transmissions that can minimize mobility interruption.
Proposal 2: In order to provide low latency low overhead radio access, RAN1 should study the design of physical channels, reference signals and sequences that enable:

·  A lighter or no random access procedure for UE fast re-entry to the system
· Uplink transmission mechanisms without dynamic request and grant.
References

[1] RP-160671, “New SID: Study on new radio access technology”, NTT DoCoMo, March, 2016.
[2] TR 38.913 on “Study on Scenarios and Requirements for Next Generation Access Technologies”, v0.3.0, 2016. 
[3] R1-162164, “Considerations on new radio operation for ultra dense networks” Huawei, RAN1 #84bis.
