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1 Introduction

New Radio (NR) Access Technology Study Item (SI) has been approved in the RAN plenary #71 meeting [1]. One of the main objectives of this SI is to study the standalone operation, including an assessment of the scenarios of applicability and related requirements. The scenarios and requirements of the NR are described in TR 38.913 [2].  The TR emphasizes on requirements for the cell-edge performance defined as follows:

· Area traffic capacity is a measure of how much traffic a network can carry per unit area. It depends on site density, bandwidth and spectrum efficiency.

· For non-full buffer traffic, user experienced data rate is the 5%-percentile (5%) of the user throughput. User throughput (during active time) is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst

· To improve user experienced data rates, 3GPP can develop standards with means for high 5% user spectrum efficiency. To this end, 5% user spectrum efficiency gains in the order of three times IMT-Advanced are proposed.

The 5%-percentile 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, to meet the enhanced 5% worst user performance and latency reduction in radio access, some considerations on NR operation are presented, especially in the dense urban environment and small packets transmission scenarios. An overview on radio access mechanisms for the NR is provided in a companion paper [3].
2 Discussion 
2.1 Continued Network densification
Network densification by means of dense transmit reception points (TRPs) deployments and exploitation of proximal communications has attracted much attention in wireless communication area. The Dense Urban scenario as an example of Ultra Dense Networks (UDNs) has been proposed to be investigated for the NR operation in [2]. The key characteristics of this deployment scenario are its high traffic loads, and its outdoor and outdoor-to-indoor coverage challenges as depicted in [2]. 
With the densification of TRPs, the possibly irregular deployment of TRPs and much closer interferers result in a completely different interference environment than the one experienced in legacy cellular systems.  Due to the proximal communications offered by UDNs, the signal power from interfering transmission increases as the received useful signal power from the serving TPRs improves.  Inter-TRP interference in a UDN is characterized by a larger number of interferers but fewer dominant interferers, that is, the interference statistics in a UDN may be fundamentally different from those in current networks. The inter-TRP interference becomes more fluctuated and unpredictable. How to deal with such interference is a challenge. .
CoMP technology [4] has been recognized as an efficient way to improve the cell-edge experience of UEs. It can improve the received strength of the desired signal or reduce the co-channel interference by coordination among multiple TRPs of a CoMP set. However, LTE CoMP relies on UE-based measurement framework. The CoMP set is determined based on the UE measurement and reporting, which limits the real-time TRP coordination capabilities.  It is hard for the semi-static CoMP set configuration to adapt to instantaneous channel variations and severe interference fluctuation from the outside of the set.
Observation 1: With the existing fixed UE and TRP association mechanism, it is not feasible for network to dynamically select the best cooperative TRP set for each UE. 
In addition to the interference issue, another important problem of network densification is the mobility management. A typical UE is within coverage of multiple TRPs.  The TRP association and spectrum determination become very complex.  The large number of nearby TRP may incur frequent handovers and ping-pongs for UEs moving through very small coverage of TRPs.  

As depicted in [4], CoMP scenario 4 can avoid handover within the macro cell, by sharing the same PCID with the under-laid low-power TRPs.  However, even in this scenario, a UE with the rigid association to the physical macro eNB still suffers from mobility interruption at the cell-edge of the macro cell.  Dual connectivity (DC) is another method to improve cell-edge user experience [5], as introduced in LTE Rel-12. With dual connectivity, a given UE consumes radio resources provided by two different network points. DC addresses the mobility robustness issue by splitting control-plane and user-plane in the higher layer protocol architecture.  However, similar to LTE CoMP, the fixed association between the UE and the Master-eNB results in the mobility interruption once the UE moves out of the cell boundary of Master-eNB.
Observation 2: The existing fixed UE and TRP association mechanism cannot support seamless mobility.
2.1.1 Boundary-less Radio Access
The dense network structure and the demanding performance requirements of the NR necessitate every UE 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 dynamically optimized serving TRP set may be transparent to the UE. Therefore, one of the aspects to provide a true UE-centric experience is to decouple a UE association with a fixed set of TRPs.

In other words, from a UE perspective there is no longer a rigid association with a physical cell or TRPs. Instead, a logical entity covering a group of physical TRPs can be formed to serve a UE as shown in Figure 1 such that the best TRP set can be formed dynamically. The area covered by the logical entity is called a “hypercell”, the boundary of which is flexible and can be changed according to the changes of network loading, UE distribution, traffic types and etc. The actually TRPs belonging to a hypercell are transparent to UEs. Therefore, a UE no longer associates with a particular TRP (or physical cell) but with a logic entity through hypercell ID. The hypercell ID is used for providing synchronization signals and broadcast information, as well as assisting UE’s initial access.
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Figure 1: From traditional cells to a hypercell. 
Proposal 1: In order to provide a true UE-cell-center-like experience for the NR, new radio access mechanisms without rigid association with a physical cell should be studied. 
The formation of the best TRP set for serving a UE can be viewed in two aspects: formation of the best TRP set to transmit UE-dedicated physical control channels to a UE and formation of the best TRP set to transmit data channels to a UE.  The two TRP sets may not necessarily be the same and can depend on many factors such as the coverage and data rate requirements. 
Further decoupling of a UE’s control and data channels from the physical TRPs imply that the reliance on PCID is further diminished. On the other hand, to maintain a UE-cell-center-like experience in mobility scenario in terms of various operations such as data transmission, control channel decoding and measurements, a UE needs to be identified by more TRPs than the just the TRPs instantly participating in transmission and reception of data and control for the UE. 
Proposal 2: Physical layer design should be based, as much as possible, on an identifier that can uniquely identify a UE across coverage of a logical access entity.
In order to dynamically optimize the serving TRP set(s) to a UE, he measurement information between a UE and TRPs needs to be obtained by the radio access network. For the UDN with many TRPs, 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 may rely more on uplink measurements – network-oriented measurements – as shown in Figure 2. The measurements can be based on a UE’s uplink transmissions such as a UE-dedicated sounding signals and/or keep-alive signals. These signals are not associated with a fixed set of TRP. The surrounding TRPs actively monitor UEs uplink transmissions. In the meantime, downlink-based measurement may still be needed for the purpose of dynamical measurement and tracking.
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Figure 2: As a UE moves in UDN, the surrounding TRPs are monitoring and periodically measuring a UE’s uplink channels.
Proposal 3: A network-oriented discovery and measurement approach based on uplink transmission should be considered to assist in UE-TRP association in UDN. 
As in [7], another big issue of UDN is energy consumption for both transmission as well as the air-conditioners for each isolated TRP site.  Support of TRP activation/deactivation is an effective way to save energy and to decrease carbon-dioxide emissions. The dynamic TRP activation/deactivation can be realized based on network-oriented measurement.  Also the TP and RP activation/deactivation can be decoupled, depending on UE distribution as well as unequal DL and UL traffic load and types. Traffic offloading between different TRPs could create more opportunities to turn off some TRPs.  Different from a traditional distributed architecture, decreasing the number of TRPs of UDN will not result in inevitable coverage and capacity deterioration, while the performance may benefit from the reduced interference due to deactivation. 
To address energy consumption and interference issue, UE-TRP communication could be based on a light mode.  On the light mode, the communication activities of transmission/reception, measurement and monitoring are reduced with very long duty-cycle or even conducted on demand.  The transition from the light-mode communication to normal communication can be very fast.  Due to the decreased communication activities, the interference can be reduced as well. 
Proposal 4: TRP activation/deactivation based on network-oriented measurement should be optimized for energy saving, traffic offloading and interference mitigation. UE-TRP communications based on a light-mode can be considered where the communication activities are reduced or only conducted on demand.
2.2 Small Packet Transmission
According to the SID of NR in [1], the families of usage scenarios for IMT2020 and beyond include eMBB, mMTC and URLLC. Many of the applications for the above usage scenarios, in particular mMTC and URLLC, generate infrequent small packets.  For mMTC, the number of small packets may be very large depending on the target for connection density.  For URLLC, the delay requirement of small packets may be very tight.
Current LTE system relies on scheduling to transmit data packets including two categories: semi-persistent scheduling (SPS) and dynamic scheduling.  SPS is suitable for periodic traffic such as VoIP packets. It helps to reduce the dynamic signaling overhead. However, SPS is not efficient for infrequent small packets due to the bursty nature of traffic. 

In dynamic scheduling of uplink data, the transmission flow is shown in Figure 3 [6]. There are two scenarios for transmitting a data packet on the uplink depending on whether a UE is configured with an uplink control channel [6]. As shown in Figure 3, if the dedicated uplink control channel is not available for a UE, the random access procedure is initiated before an uplink grant is received.
Current radio access mechanisms for data transmission introduce delay that cannot meet the latency requirement.  The access delay due to the procedures is especially pronounced for infrequent small packets as every packet will incur such delay.
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Figure 3: LTE scheduling request (SR) and grant procedure [6].

In addition to the access delay, signaling overhead is associated with infrequent small packets transmission. The associated signaling overhead has two aspects. The first aspect is the total amount of signaling overhead when many UEs transmit small packets. As shown in Figure 4, as the number of UEs increases, the number of SRs sent in PUCCH and grants sent in PDCCH increases. The second aspect is the per-packet signaling overhead. The overhead is in terms of the number of bits required for signaling and also the associated resources consumed. The ratio of the overhead to data packet increases as the packet size decreases. As an example (Figure 4), if the average number of control channel elements (CCEs) used for an uplink grant is 2, this is equivalent to 72 resource elements (REs). Transmitting a packet of 20 bytes with QPSK ½ requires 160 REs, the resource overhead of transmitting a packet is around 30%. In addition, there is the signaling overhead of sending an SR which occupies a PUCCH resource. 
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Figure 4: An example of signalling overhead associated with transmitting an uplink packet
The common signals including control channel of current radio systems are designed to guarantee the robustness and higher reliability, regardless of the traffic type.  For the UE with infrequent small packet traffic, the system common signal still continuously transmitting, leading to high energy consumption, as depicted in [8].
In the current system, three observations can be made for the uplink infrequent small packets transmission:

Observation 4: Signaling overhead associated with sending infrequent small packets on the uplink increases with the number of UEs.
Observation 5: Latency (which is directly proportional to the number of messages exchanged) associated with sending infrequent small packets may not meet the user plane latency target of the NR. 

Observation 6: Energy consumption is related to the “on” time of a UE which is proportional to the number of messages it needs to exchange with the eNB. Further reduction will save more battery life.
2.2.1 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 a uplink control channel (or a similar mechanism) 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 infrequent small packet transmission as detailed in Section 2.2 can be reduced.

One of the benefits of dynamic scheduling is the ability to exploit channel variations with fast link adaptation. This is the case when large amount of data is available (i.e. almost a full-buffer scenario). However, infrequent small packets may not be able to fully take advantage of dynamic scheduling. Therefore, dynamic scheduling may not necessarily be the most efficient in this case.

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 (Section2.1.1), access sequences can also be UE-specific. For UE system re-entry (e.g. from an energy-saving state to connected state), an access procedure with reduced contention can be enabled. The corresponding 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 5. In order to support transmission mechanisms without grants, considerations should be made such as physical channel and reference signal design.
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Figure 5: Uplink transmission without dynamic request and grant.
Therefore, in order to provide low latency low overhead radio access, we propose that
Proposal 5: Study physical channels and sequence design to enable a lighter or no random access procedure for UE fast re-entry to the system.
Proposal 6: Study physical layer designs (e.g. channel and reference signal design) to enable transmission mechanisms without dynamic request and grant.
3 Conclusion
In this contribution, we analyse the challenges of continued network densification and small packet transmission in the NR system.  We have the observations as below:

· For continued network densification,

Observation 1: With the existing fixed UE and TRP association mechanism, it is not feasible for network to dynamically select the best cooperative TRP set for each UE. 
Observation 2: The existing fixed UE and TRP association mechanism cannot support seamless mobility.

· For small packet transmission,

Observation 4: Signaling overhead associated with sending infrequent small packets on the uplink increases with the number of UEs

Observation 5: Latency (which is directly proportional to the number of messages exchanged) associated with sending infrequent small packets may not meet the user plane latency target of the NR. 
Observation 6: Energy consumption is related to the “on” time of a UE which is proportional to the number of messages it needs to exchange with the eNB. Further reduction will save more battery life.
Based on these observations, we present our views on the system design criteria for UDN in NR,
Proposal 1: In order to provide a true UE-cell-center-like experience for the NR, new radio access mechanisms without rigid association with a physical cell should be studied.

Proposal 2: Physical layer design should be based, as much as possible, on an identifier that can uniquely identify a UE across coverage of a logical access entity.
Proposal 3: A network-oriented discovery and measurement approach based on uplink transmission should be considered to assist in UE-TRP association in UDN.
Proposal 4: TRP activation/deactivation based on network-oriented measurement should be optimized for energy saving, traffic offloading and interference mitigation.  UE-TRP communications based on a light mode can be considered where the communication activities are reduced or only conducted on demand.
In order to provide low latency low overhead radio access, we propose that,

Proposal 5: Study physical channels and sequence design to enable a lighter or no random access procedure for UE fast re-entry to the system.
Proposal 6: Study physical layer designs (e.g. channel and reference signal design) to enable transmission mechanisms without dynamic request and grant.
Although the boundary-less radio access and low latency low overhead radio access are investigated in UDN, they can apply in sparse networks.
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