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[bookmark: _Ref298777854]Introduction
In order to have a better understanding of what the NR system access is likely to be and therefore to derive proposals and conclusions for RAN3, it is believed to be worthwhile to have a general view of what are the motivations to design a new system access and what are the requirements for it. 
In this paper a broad view not fully focused on RAN3 centric topics is presented. It is believed that the issues and proposals outlined in this paper are crucial to be solved before RAN3 can tackle specific solutions on RAN functions and interfaces for NR system access. Although the content of this paper will also be presented and discussed in other RAN groups, such overview is thought to be beneficial at the beginning of discussions on NR and it is hoped to provide more inputs for further work.
In this contribution the term “system access” is used to define procedures (including signals and information) related to how UEs access the system and/or are contacted by the system (i.e. how it receives paging information). In E-UTRA these procedures are defined for multiple layers of the RAN protocol stack (e.g. PHY, MAC, RRC, etc.) and to some extent, they involve the CN / RAN interface, as in the case of initial access, paging and some state handling functionality. Examples of E-UTRA procedures considered within the scope of system access are synchronization (time and frequency), Cell Search, system information distribution and acquisition, Random access and Paging [5].
System requirements for the Next Generation (NG) Access Technologies and the Next Generation (NG) architecture, such as the ones captured in [2] and [1] will significantly impact the design of the system access solutions for the New Radio (NR) Access Technology as defined in the new SID RP-160671 [2]. Some of these requirements are related to network energy efficiency, future-proof design, deployment flexibility (centralized and distributed, backhaul and synchronization considerations, scalability, etc.) and the need to support a very wide range of frequencies. In addition to that, as described in RP-160671 it is assumed for NR that a single technical framework should address all usage scenarios for enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC) and ultra-reliable and low latency communications (uMTC) where an additional challenge is the fact that all these service categories may have different mobility requirements e.g. in terms of UE speed, reliability, terminal complexity, etc..The impact of requirements can be analysed for the different system access functionalities for the NR:
· Coverage detection and link synchronization;
· System information distribution and acquisition;
· Random access;
· Paging;
· State transitions.
In addition to system requirements, the design of the functionalities described above shall also fulfil the performance requirements described in TR 38.913 [1] such as the control plane latency that should be maximum 10 ms.

Observation1	Initial assumptions for the system access functionalities are based on NR system requirements and performance requirements such as control plane latency.

Discussion
Assumptions and requirements for NR system access
The next generation architecture and access technology requirements will significantly impact the design of system access solutions for the New Radio (NR) Access Technology. These requirements and their impact are described below.
 Future-proof design
Lessons learnt from E-UTRA have shown that the introduction of new features e.g. relying on new physical channels was more difficult due to the fact that the specifications define reference signals to be constantly transmitted and spread all over the bandwidth, i.e. cell-specific reference signals (CRS). There is a strong support in the industry that a radio interface based on a lean carrier principle (e.g. without the transmissions of signals similar to cell-specific reference signals in E-UTRA, always turned on and transmitted all over the bandwidth) would enable a future-proof NR by allowing the usage of unoccupied resources for novel physical channels in future releases.
It is also assumed for NR that a single technical framework should address all usage scenarios for enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC) and ultra-reliable and low latency communications (uMTC) [2]. It is required that the design of the RAN architecture shall allow the deployment of new services rapidly and efficiently [1] despite the fact that all these service categories may have different characteristics in terms of terminal complexity and mobility patterns.
Therefore, in order to achieve a fast introduction of new services and address potentially different requirements, system access procedures should be aimed to reuse as much as possible previously standardized components. That would lead to a design that from the beginning takes into account at least some aspects of both eMBB and non-eMBB services.
[bookmark: _Toc446687674][bookmark: _Toc446775906][bookmark: _Toc446778843][bookmark: _Toc446779647][bookmark: _Toc447119475][bookmark: _Toc447142408]Observation 2	System access functionality in NR should adopt principles that allow future-proofness, such as lean carrier and the reuse of standardised components for newly introduced services and features (e.g. signals for coverage detection, system information frameworks, etc.).

 Network energy efficiency
Network energy efficiency is one key performance indicator listed in [1]. Previous studies in e.g. the EARTH project [4] have indicated large improvement potential in network energy consumption during low traffic situations. Figure 1 shows the empty sub-frame ratio and network area power usage in a typical European nationwide network. We can observe that for a nationwide network the energy usage when averaged over 24 hours is almost independent of the traffic. There is a large potential to reduce the 5G energy consumption by designing a solution with lower static power consumption. 
	Scenario 1: “the most relevant traffic scenario for 2015”
	Scenario 2: “an upper bound on the anticipated traffic for 2015”
	Scenario 3: “an extremity for very high data usage in future networks”
[image: ]
Figure 1: Left - LTE empty sub-frame ratio for a network with no traffic and for traffic according to Scenario 1, 2, and 3; Right - LTE energy consumption for the reference network with no traffic and for traffic Scenario 1, 2, and 3.
System access functionalities should be designed to allow network energy efficiency mechanisms where the energy consumed by the network scales with the traffic. One potential area of improvement to reach that goal is to limit the number of mandatory “always on” signals in the network, transmitted when there is no traffic. For instance, in LTE, PSS/SSS signals, CRS signals and system information broadcast are examples of such frequent always on transmissions that limit the possibility for power saving in the base stations. PSS/SSS is transmitted every 5 ms and CRS is transmitted 4 times every 1 ms, providing very little opportunity for network DTX. Allowing longer gaps between these at least during situations of low or even no traffic would allow for more power efficient base station implementations where the used energy scales better with the transmitted number of information bits.
[bookmark: _Toc446687675][bookmark: _Toc446775907][bookmark: _Toc446778844][bookmark: _Toc446779648][bookmark: _Toc447119476][bookmark: _Toc447142409]Observation 3	System access functionalities in NR should limit always on signals in the system and rely on signals and procedures allowing network energy efficiency mechanisms where the consumed energy scales with the traffic. 

The frequent broadcast of PSS/SSS, MIB and various SI messages by LTE eNBs make it easy for UEs to detect a cell, perform RRM measurements, determine whether a cell is suitable and perform access to the cell quickly. Therefore, the design of energy efficient solutions for system access in NR should also take into account these performance aspects, like latency. The requirements and scenarios TR [1] include a 10 ms requirement on the control plane latency from a battery efficient state to start of continuous data transfer. 
[bookmark: _Toc446687676][bookmark: _Toc446775908][bookmark: _Toc446778845][bookmark: _Toc446779649][bookmark: _Toc447119477][bookmark: _Toc447142410]Observation 4	Performance aspects like state transition latency should be considered in the design of system access functionalities in NR.

 Support for a wide range of frequencies 
The NR system should be able to use any spectrum band ranging at least up to 100 GHz that may be made available for wireless communications even in a more distant future [2]. In comparison to the current frequency bands allocated to E-UTRA, the new bands will have more challenging propagation properties, such as lower diffraction and higher outdoor/indoor penetration losses, i.e. signals will have less ability to propagate around corners and penetrate walls. In addition, atmospheric/rain attenuation and higher body losses could also contribute to making the coverage of NR signals in some of the high frequency bands potentially more spotty.
Beamforming, where multiple antenna elements are used to form high gain narrow beams, is an efficient tool for improving both data rates and capacity. It will likely be extensively used for dedicated transmissions in the higher frequencies to overcome the propagation challenges highlighted earlier not only for user data but also for control signals. 
In a system depending on beamforming for dedicated transmission it is challenging to provide broadcast information to the cell edge. LTE PSS/SSS works well down to SNR level of -6dB. In NR, the beamforming gain for dedicated transmissions is expected to be in the order of ~20 dB whereas broadcast transmissions have to cope with lower SNR levels.
[bookmark: _Toc446687677][bookmark: _Toc446775909][bookmark: _Toc446778846][bookmark: _Toc446779650][bookmark: _Toc447119478][bookmark: _Toc447142411]Observation 5	System access functionalities in NR shall be operable also at high carrier frequencies where high gain beamforming is used to extend coverage.
[bookmark: _Toc447119479][bookmark: _Toc447142412]Observation 6	In NR, dedicated transmissions can, depending on the device capabilities, make use of very wide carriers which enables high data rates. But because the broadcast information needs to be receivable also by low-end UEs supporting possibly only narrow carriers,  the broadcast transmission will be restricted to even lower data rates.
Observation 7	System access functionalities in NR shall be operable at the minimum bandwidth also at high frequencies where high gain beamforming is used to extend coverage.
Observation 8	System access related broadcast transmissions do not benefit from beamforming and will hence offer significantly worse throughput and resource efficiency than dedicated signaling.
Observaion 9	System access related broadcast transmissions cannot benefit from wide carrier bandwidth and will hence experience worse throughput than dedicated signaling. 
These observations lead to the following 
[bookmark: _Toc447142413]Observation 10	Perform a careful trade-off between broadcast and dedicated signalling of system access related signalling, taking in particular beamforming and available carrier bandwidth into account. 
Extreme coverage
In [1], the following extreme coverage scenarios are listed,
The 3GPP system should support the following deployment scenarios in terms of very large cell range:
-	up to [100] km: with the performance targets defined in section 7.1.8.1.
-	up to [200] km: slight degradations in the achieved performance is acceptable.
-	up to [400] km: should not be precluded by the specifications.
This means that system access must work for cell ranges up to 200km, and even 400km cell ranges shall not be precluded.
[bookmark: _Toc446775910][bookmark: _Toc446778847][bookmark: _Toc446779651][bookmark: _Toc447119480][bookmark: _Toc447142414][bookmark: _Toc446687678]Observation 11	System access functionalities in NR shall be operable also in extreme coverage scenarios. 

Scalability 
The requirement to support carrier frequencies up to 100 GHz will likely require network densification to overcome difficult propagation situations. The current LTE design where each cell broadcasts CRS and system information sets limits to the possible order of densification. In legacy systems the interference caused by system access related signals significantly reduces the peak user data rates. In particular at low system load, the interference is dominated by the mandatory system transmissions (CRS-based signals in LTE) and thus limits the SINR.
Therefore, NR should preferably be designed so that different parts of the system scale independently. For example, there should be no need to add more system access related common signals when densifying networks. In other words, we should be able to densify only the data plane and not the system access related overhead.
[bookmark: _Toc446775911][bookmark: _Toc446778848][bookmark: _Toc446779652][bookmark: _Toc447119481][bookmark: _Toc447142415]Observation 12	NR should be designed so that resources for system access and dedicated transmission can scale differently.


Possible solution areas for NR system access
Several approaches can be considered to address the assumptions and requirements listed in section 2.1. Below we list some solution areas that should be considered during the study item while designing system access functionalities for NR. Note that these are not mutually exclusive, but could be used in combination.
· [bookmark: _GoBack]Beamforming. Despite the fact that beamforming solutions are present in E-UTRA to improve data rates, NR should follow a beam-centric design i.e. all signals and channels for dedicated signaling and user data transmission should possibly be beamformed. This design principle could also be extended to system access related common signals and channels. Despite the fact that beamforming is a more essential feature for the higher frequencies it is beneficial to consider a beam-centric design for lower frequencies as well. That would allow the design of harmonized system access functionality across multiple carriers with fewer standards and implementation differences. In the case of hybrid and analog beamforming architectures, beam sweeping and beam finding procedures could be defined for NR. Note that beam sweeping of system access signals can increase the duty cycle and thus reduce the energy efficiency potential.
· Minimizing the amount of broadcast information to a bare minimum required for the UEs to access the system. Other system information could be transmitted to the UE in dedicated beams once initial connection has been established.
· Repetition can be used to increase coverage, especially for non-beamformed transmissions. However, each repetition increases the duty cycle and thus decreases the potential for energy efficiency.
· Single Frequency Network (SFN) transmission. Here it could be possible to take advantage of the fact that system information is often the same over a large area. The signals and channels distributing system information could be designed so that SFN transmission could be supported. A drawback is that it requires tight network synchronization and longer cyclic prefix.
· In a multicarrier deployment, part of the system information could be provided on another lower frequency carrier.
· In a multi-RAT deployment, part of the system information could be provided via another RAT, e.g. LTE.
[bookmark: _Toc446687679][bookmark: _Toc446775912][bookmark: _Toc446778849][bookmark: _Toc446779653][bookmark: _Toc447119482][bookmark: _Toc447142416]Observation 13	Study different approaches for ensuring sufficient coverage for system access related signals and channels, including beamforming, repetition, minimizing the amount of broadcasted information, SFN, multi-carrier and multi-RAT delivery.

Conclusion
In this paper an overview of the system access principles that should be followed for NR has been presented. The paper tackles lower layer requirements and solutions with respect to what is RAN3’s remit of work. Nevertheless the paper is considered to be useful for future RAN3 discussions and evaluations. The following observations were made:
Observation 1	Initial assumptions for the system access functionalities are based on NR system requirements and performance requirements such as control plane latency.
Observation 2	System access functionality in NR should adopt principles that allow future-proofness, such as lean carrier and the reuse of standardised components for newly introduced services and features (e.g. signals for coverage detection, system information frameworks, etc.).
Observation 3	System access functionalities in NR should limit always on signals in the system and rely on signals and procedures allowing network energy efficiency mechanisms where the consumed energy scales with the traffic. 
Observation 4	Performance aspects like state transition latency should be considered in the design of system access functionalities in NR.
Observation 5	System access functionalities in NR shall be operable also at high carrier frequencies where high gain beamforming is used to extend coverage.
Observation 6	In NR, dedicated transmissions can, depending on the device capabilities, make use of very wide carriers which enables high data rates. But because the broadcast information needs to be receivable also by low-end UEs supporting possibly only narrow carriers,  the broadcast transmission will be restricted to even lower data rates.
Observation 7	System access functionalities in NR shall be operable at the minimum bandwidth also at high frequencies where high gain beamforming is used to extend coverage.
Observation 8	System access related broadcast transmissions do not benefit from beamforming and will hence offer significantly worse throughput and resource efficiency than dedicated signaling.
Observaion 9	System access related broadcast transmissions cannot benefit from wide carrier bandwidth and will hence experience worse throughput than dedicated signaling. 
Observation 10	Perform a careful trade-off between broadcast and dedicated signalling of system access related signalling, taking in particular beamforming and available carrier bandwidth into account. 
Observation 11	System access functionalities in NR shall be operable also in extreme coverage scenarios. 
Observation 12	NR should be designed so that resources for system access and dedicated transmission can scale differently.
Observation 13	Study different approaches for ensuring sufficient coverage for system access related signals and channels, including beamforming, repetition, minimizing the amount of broadcasted information, SFN, multi-carrier and multi-RAT delivery.
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