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Discussion
1
Introduction
3GPP RAN meeting #70 in December 2015 opened a study on scenarios and requirements for Next Generation Access Technologies [1]. The draft Technical Report of the SI [2] released in March after 3GPP RAN meeting #71 already consists of a large number of requirements that can be used as basis for the physical layer design work. The RAN#71 also approved a new study on New Radio (NR) Access Technology that tasks the RAN WGs “…to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study” [3].
In this document, the currently written down requirements and expectations are listed, and their implications to the physical layer design are discussed.
2
Physical layer related requirements to 5G New Radio
2.1
Physical layer related requirements in the TR38.913 [2]
The Requirements and Scenarios Technical Report [2] lists a large number of requirements to which the physical layer of the 5G New Radio is to provide solutions for, these are summarized in the list below:
· A very diverse set of deployments ranging from Indoor Hotspot to Extreme Rural coverage
· A wide range of spectrum bands up to 100 GHz and bandwidths up to 1 GHz
· Wide range of device speeds, up to 500 km/h
· Ultra-deep indoor coverage with tentative target of 164 dB MCL

· D2D/V2V links

· Target peak rate of 20 Gbps in uplink and 10 Gbps in downlink
· Significantly improved system capacity, user data rates and spectral efficiency over LTE

· Target C-plane latency of 10 ms

· Target U-plane latency of 4 ms for mobile broadband, and 0.5 ms for ultra low latency communication

· Target mobility-incurred connection interruption of 0 ms
· Target reliability of delivering a packet in 1 ms with 1-10-5 reliability
· Tentative target UE battery life of 15 years for massive MTC type terminals
· Improved UE energy efficiency while providing much better MBB data rate
· Improved network energy efficiency
· Target connection density of 1 million devices / km2
· Tight interworking with LTE
· Connectivity through multiple transmission points
· Operator-controlled sidelink (device-to-device) operation
2.2
Physical layer related requirements in the SID [3]
The additional guidance in the RAN#71-approved Study Item description understood to be the most relevant to RAN WG1 is as follows [3]:

The new RAT will consider frequency ranges up to 100 GHz [TR38.913].
Detailed objectives of the study item are:
(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 

(2) The new RAT shall be inherently forward compatible

· It is assumed that the normative specification would occur in two phases: Phase I (to be completed in June 2018) and Phase II (to be completed in December 2019)…
· Phase I specification of the new RAT must be forward compatible (in terms of efficient co-cell/site/carrier operation) with Phase II specification and beyond, and backward compatibility to LTE is not required
· Phase II specification of the new RAT builds on the foundation of Phase I specification, and meets all the set requirements for the new RAT. 

· Smooth future evolution beyond Phase II needs to be ensured to support later advanced features and to enable support of service requirements identified later than Phase II specification.
(3) Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain

· Basic frame structure(s)

· Channel coding scheme(s)
[Partially omitted]
· Radio Access Network architecture, interface protocols and procedures, 
[Partially omitted]
· Study and identify additional architecture requirements e.g. support for QoS concept, SON, support of sidelink for D2D [RAN1, RAN2, RAN3].
[Partially omitted]
(4) Study and identify  the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:

· Tight interworking between the new RAT and LTE 
· Interworking with non-3GPP systems
· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands

· [Standalone operation in unlicensed bands is FFS]

· Efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum

· Stand alone operation in licensed bands
[Partially omitted]
(7) Study and identify technical solutions that enable support for wireless relay

3
Physical layer implications of the 5G New Radio requirements

The diverse list of requirements and deployment environments envisioned for New Radio system cannot be met with a single monolithic physical layer design – but rather by a physical layer design that is able to adapt to different deployments and use cases, all these in a common operation framework.
At least the following implications to the physical layer design can be derived from the requirement list presented in section 2.1:
· Both FDD and TDD need to be supported to be able to deploy the New Radio on all bands from sub-1 GHz up to 100 GHz.

· The network topologies will depend on the operating carrier frequency, a possible split being roughly:

	Below 2 GHz
	Below 2-6 GHz
	2 – 40 GHz
	20 – 100 GHz

	Wide area deployment
	Urban Area deployment
	Small cell deployment
	Small and ultra-dense small cells


· The ultra-deep indoor coverage operation of mMTC would be applicable for low band frequencies, e.g. below 1 GHz, while high band frequencies could potentially support a different category of mMTC applications such as household appliances, this later category not having the same coverage requirements as the low band mMTC.

· There may not be a need to optimize FDD for high bands (e.g. above 3 GHz).
· A single numerology for all cases as in LTE is not sufficient to support very wide bandwidth and relatively small coverage cells closer to 100 GHz band range, and large coverage cells around traditional cellular bands and bandwidths.
· The same multicarrier OFDMA waveform suitable e.g. for eMBB use cases up to around 40 GHz may not be optimal for e.g. narrow-band mMTC type links and eMBB links above 40 GHz. A single-carrier waveform should be considered for these cases.
· A single fixed TTI duration is not sufficient for meeting both ultra-reliability requirements as well as extreme rural & deep indoor coverage.

· Licenced Assisted Access calls for LBT or similar interference management technique.
· Wireless relay may have special implications to control channel design, beam detection, reference signals and interference management.
· D2D/V2V sets specific requirements to accommodate for the time misalignment, and has special implications to control channel and reference signal design.
· Network energy efficiency requirement needs to be addressed with minimizing the network transmission in no-data TTIs (e.g. synchronization signals, CRS, PBCH).
· Consider enabling UEs that do not support the full system BW in order natively to enable low-cost IoT devices.

· Develop advanced Massive MIMO framework that scales from low band digital beamforming/MIMO to high-band analogue/hybrid beamforming with very large number of antenna elements.
Some of the above implications can be summarized as follows:
	
	Below 2 GHz
	2-6 GHz
	3 – 40 GHz
	20 – 100 GHz

	Network topology
	Wide area deployment
	Urban Area deployment
	Small cell deployment
	Small and ultra-dense small cells

	Technologies
	eMBB, mMTC, URLLC
	eMBB, (URLLC)
	eMBB

	Waveform
	OFDMA based, consider contention based and/or non-orthogonal access
	OFDMA based
	ZT-DFT-s-OFDM / Null CP-Single Carrier

	Frame structure
	Unified and flexible across deployments

	Multi antenna
	digital BF
	Digital/Analogue/hybrid BF
	Analogue/hybrid BF

	
	Unified feedback framework, base station processing transparent to the UE, CSI feedback agnostic to base station processing

	Mobility
	Decreasing with the increase of frequency band operation and with decreasing cell size


4
Conclusion
This contribution collects the New Radio requirements having direct implications to the physical layer design and shortly outlines these implications. It is noteworthy that many requirements set for the 5G system are at opposite poles and meeting them requires a large degree of flexibility from the physical layer design. Based on the non-exhaustive list of implications in section 3 of this contribution, the following suggestions for the work focus is made:
· Both FDD and TDD should be supported.
· Multiple different OFDM numerologies should be supported for different deployment environments and frequency bands.
· Multiple different TTI lengths or should be supported for different latency and cell range targets.
· Support for flexible/dynamic TDD should be considered for configurations optimized for bands above 3 GHz.
· mMTC point of optimization should be around or below 1 GHz.

· Single carrier waveforms should be considered for configurations optimized for very high bands, e.g. > 40 GHz, as well as for mMTC.

· LBT mechanism should be supported for Licenced-Assisted Access.

References
[1] RP-152257 “New Study Item Proposal: Study on Scenarios and Requirements for Next Generation Access Technologies”

[2] TR38.913 “Study on Scenarios and Requirements for Next Generation Access Technologies”
[3] RP-160671 “New SID Proposal: Study on New Radio Access Technology”
