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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 5th-percentile performance requirements need to be met under different deployment scenarios, in particular, dense urban environment.
In this contribution, to meet the enhanced 5% worst user performance (i.e. a true UE-cell-center-like experience), some considerations on NR operation are presented, especially in the dense urban environment.
2 Discussion 
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, mobility support up to 30km/h, and its outdoor as well as outdoor-to-indoor coverage challenges as provided 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.  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. Dealing with such interference is a challenge.
CoMP technology [3] has been recognized as an efficient way to improve the cell-edge experience of quasi-stationary UEs at the cost of increased network synchronization requirements. It can improve the received strength of the desired signal and reduce the co-channel interference by coordination among multiple TRPs within a CoMP set. CoMP also provides gains in terms of diversity and spatial multiplexing. However, LTE CoMP relies on a UE-based measurement framework. The CoMP set is determined based on UE measurements and reporting, which limits the flexibility in TRP coordination.  The signalling overhead of both sending reference signals and reporting measurements may become too large and is not scalable with further network densification. Also, there is a trade-off between reconfiguration rate and number antenna ports. It is hard for the semi-static CoMP set configuration to adapt to channel variations and severe interference fluctuation from the outside of the set. This effect is exacerbated in the case of UDN.
Observation 1: With the existing fixed UE and TRP association mechanism, it is not feasible for the network to flexibly select a cooperative TRP set for each UE. 
In addition to the interference issue, another important problem of network densification is the mobility management. In such deployments a typical UE is within coverage of multiple TRPs. The large number of nearby TRPs may lead to frequent handovers and ping-pongs for UEs moving through TRPs with very small coverage.  

As described in [3], CoMP scenario 4 can avoid handover within the macro cell, by sharing the same physical cell ID 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 [4], 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 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 Boundary-less Radio Access
The dense network structure and the demanding performance requirements of the NR necessitate every UE to be flexibly 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 flexibly optimized serving TRP set may be transparent to the UE. Therefore, one of the aspects to provide a true UE-cell-center-like 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 flexibly. 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, etc. The actual TRPs belonging to a hypercell are transparent to the UEs. Therefore, a UE no longer associates with a particular TRP (or physical cell) but with a logical entity, possibly through a hypercell ID. The hypercell ID could be used for providing synchronization signals and broadcast information, as well as assisting UE’s initial access. Moreover, overlapping TRPs between hypercells can be configured. As a UE moves across different hypercells, these TRPs can facilitate “make before break” mechanisms to minimize mobility interruptions.
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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 TRP set for serving a UE can be viewed in two aspects: formation of TRP set to transmit UE-dedicated physical control channels to a UE and formation of 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. 
In the TRP set for data channels, multiple streams from different TRPs can be transmitted to one UE simultaneously to reap the benefits of UDN. For multiple streams transmission, each TRP may be virtualized as one or more ports and each stream is sent from one port. As the locations of these TRPs are different, the streams from different TRPs suffer different transmission delay and different Doppler shift, which means the ports used for transmitting UE specific data and demodulation reference signal, may not satisfy the QCL (Quasi Co-Location) constraint required in LTE. UEs that have an advanced receiver (e.g. IC receiver) and/or more receive antennas can fully realize the benefits of multiple streams transmission despite the lack of QCL constraint. This is because of their capability of collecting signals with different delays and suppressing interference from different streams. Moreover, at the network side, new reference signal should be designed that takes into account aspects such as orthogonality and time-frequency synchronization from non-QCL antenna ports.  
Proposal 2: Effective mechanisms to support multiple streams transmitting from different TRPs should be carefully studied.
2.1.1 UE Identification Mechanism

In order to reduce the system re-entry signalling, facilitate seamless and transparent handover among TRPs and to maintain a UE-cell-center-like experience in mobility scenario with optimized TRPs in a flexible manner, a UE should retain the same identifier regardless of the serving TRPs, i.e. a change of TRP will not necessarily imply a change of identifier. This is a step further than existing mechanism (e.g. CoMP scenario 4) where the UE identifier remains unchanged across TRPs within the macro cell but will be re-assigned when a UE moves across macro cells. The assigned dedicated identifier will be used by UEs and network to identify downlink and uplink transmissions. Since the identifier is not specific to any TRP, this transmission can be received, detected and measured at multiple TRPs allowing the network to identify the best TRPs for both data and control transmissions towards this UE.

Proposal 3: 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.
2.2 Physical Layer Procedures
With the decoupling of a UE’s rigid association with a physical cell and UE-dedicated identifier being used across coverage area of a logical entity, physical layer procedures should be studied in order to provide a true UE-cell-center-like experience and transparent mobility for the NR.
2.2.1 Initial Access 
The synchronization process can be streamlined in boundary-less radio access. Synchronization signals are transmitted from TRPs for UEs to obtain time-frequency synchronization. A UE does not need to obtain the physical cell ID associated with a particular TRP. After synchronization, a UE receives essential system information from the broadcast channel. Hypercell ID can be used to facilitate sequence re-use and interference management for synchronization and broadcast channels. After that, a UE performs random access procedure. At the end of the procedure, a UE acquires the UE-dedicated identifier that provides a unique identification across coverage of the logical access entity.
2.2.2 System Re-entry

After a UE acquires the UE-dedicated identifier in initial access, such identifier does not need to be re-acquired in the system re-entry procedure (e.g. from a battery-saving state to active state). Also, a lighter or no random access procedure for UE fast re-entry to the system can be designed due to the availability of the UE-dedicated identifier.
2.2.3 Network-Oriented Measurement

In order to flexibly optimize the serving TRP set(s) to a UE, the measurement information between a UE and TRPs needs to be obtained by the radio access network. Due to the increased signalling overhead of downlink-based measurement with further densification, the determination of the association between a UE and TRP may rely more on uplink measurements – network-oriented measurements – as shown in Figure 2 REF _Ref445474926 \h 
. The measurements can be based on a UE’s uplink transmissions such as a UE-dedicated sounding reference signals (e.g. SRS) and/or tracking and discovery signals. 

Uplink sounding reference signals should be configured for UEs with on-going data transmission in a manner that the employed parameters are independent of the serving TRPs. Re-configuration is done in an on-demand basis, i.e. when two (possibly moving) UEs with potentially conflicting configurations are about to cause interference to each other’s uplink signal transmissions.

Uplink tracking and discovery signals should also be configured for UEs that are not in the active state (e.g. in a battery-saving mode). This is important since it allows for the network to continue keeping track of the locations of the UEs, allowing efficient paging, maintain uplink timing alignment and determining UE-TRP association.
In the meantime, downlink-based measurement can still be configured for the purpose of dynamic link adaptation and tracking. It can be particularly useful in scenarios where there are only a few TRPs in a coverage area (e.g. rural deployment). 
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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 4: A network-oriented measurement approach based on uplink transmission should be considered to assist in UE-TRP association. 

2.3 Impact on Physical Signal and Channel Design
Physical signal and channel design (e.g. sequence generation, resource mapping) should move away from relying on physical cell ID. Some signals and channels related to initial access (e.g. synchronization, broadcast) can rely on a logical identifier (e.g. hypercell ID) from the network that is not tied to physical TRPs such as a macro cell. Other signals and channels design will rely as much as possible on UE-dedicated identifier and UE-group mechanisms to facilitate flexible TRP association and minimize reconfiguration due to mobility across different TRPs.

3 Conclusion
In this contribution, we analyse the challenges of continued network densification in the NR system.  We made the following observations:

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

Based on these observations, we present our views on radio access mechanisms 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: Effective mechanisms to support multiple streams transmitting from different TRPs should be carefully studied.
Proposal 3: 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 4: A network-oriented measurement approach based on uplink transmission should be considered to assist in UE-TRP association.
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