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1 Background

At RAN#71 a SI [1] for studying requirements and specifications for New Radio (NR) systems was approved. RAN also received an LS from ITU-R WP5D requesting sharing parameters by February 2017 [2].
An early start of RAN4 work would thus be essential for the development of requirements for NR and for handling the ITU-R related work in view of the new aspects following the extended frequency range and larger family of usage scenarios. 
In this contribution, we elaborate on some important and fundamental aspects related to UE requirements considering the objectives for the NR system. It should be noted first that the scope of a UE might be wider for NR: a UE with self-backhaul capability might be more like a BS, it may also have beamforming capability and for MTC UEs are not necessarily mobile, for example.

In the SID many important RAN4 core and partly performance-related aspects are listed:
· The new RAT will consider frequency ranges up to 100 GHz.

· 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 

· Fundamental RF aspects – especially where they may impact decisions on the above, e.g., 
· Study and identify the aspects related to the testability of RF and performance requirements
· 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

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

· Stand-alone operation in licensed bands
· Identify relevant RF parameters used to be used for sharing and co-existence studies

Aspects relevant for a response to ITU WG 5D are, for example,
· ACLR
· Emission mask, unwanted emissions level
· Correlation of emissions between antennas
· Beamforming requirements
· Blocking scenarios
· Feasible output power (TRP and/or EIRP) with reasonable efficiency
· Deployment scenarios
· Selectivity, ACS, blocking properties
· RX Sensitivity 
· Antenna array properties (spatial pattern, coupling).

· Power control in DL and UL
· BS sensitivity and parameters (e.g. amount of UL combining)
2 Significantly larger frequency range
The NR will cover a significantly larger frequency range than that originally envisioned for LTE; besides operation in spectrum below 6 GHz also considered for LTE, a range of bands from 24 GHz – 40 GHz and 66 GHz – 86 GHz identified for WRC-19 identified are being considered.  For the studies to be captured in the TR [3], carrier frequencies at 4 GHz, 30 GHz and 70 GHz are chosen as proxies for these ranges. 
Operations below 6 GHz is already considered for LTE, so it may be relevant to consider the following frequency ranges
· 600 MHz

· 700 MHz-6 GHz

· 6 to 100 GHz

and pick an example band from these for the RAN4 studies. Operation below 700 MHz is singled out due to the particular challenges associated with operations at low frequencies. The following frequency bands could be considered for the first phase of the RAN4 studies

1. 700 MHz

2. 3.5 GHz

3. 30 GHz

4. 70 GHz

From a UE standpoint, extending RFIC operations up to 6 GHz is rather straightforward:
· an historical cellular frequency evolution
· 1 GHz ( 2 GHz ( 2.7 GHz ( 3.6 GHz
· and leveraging on advancements in silicon process geometries

· 130 nm ( 90 nm ( 65 nm ( 45 nm ( 28 nm ( …
makes support of 6GHz an evolution rather than a revolution. However, the family of usage scenarios may pose different requirements on the RFIC design. Extension to operation above 6 GHz requires further study.
3 OTA and conductive requirements

While many requirements below 6 GHz could be verified by conductive measurement, verification at mm-wave frequencies requires OTA testing; it may not even be possible to make conductive measurements on the devices. It is expected that UE beamforming (BF) will be a key feature of NR, which means that OTA measurements will be relevant also below 6 GHz not only for radiated power measurements. 

UL BF will be considered for NR which may necessitate OTA AAS requirements and testing also for the UE. “5G” capable devices will be interworking with LTE which poses new challenges. Testing aspects should therefore be considered from the start, e.g.
· multimode testing (all OTA)
· test time – how to accomplish all tests, some conducted testing
· testing (OTA) over a wide frequency range
Many of the challenges for BS OTA testing will also apply for UEs, e.g. the frequency range needed for spurious emissions testing and the link budget needed for the measurement facility.  
4 UE output power and power control
One of the first aspects to consider is the available UE conducted output power in different frequency ranges. 
For LTE UL the intention was to set linearity requirements on the UE Power Amplifier similar to those of Rel-5 HSPA UL. DFTS-OFDM was chosen to reduce modulation PAPR and cubic metric. For NX, on the other hand, OFDM is considered for both DL and UL which means an increased PAPR in the UL. The waveform is not yet decided.
For operations below 6 GHz one could make the following first observations:
· NR with potentially reduced PA efficiency vs. LTE
· higher peak to average in UL (OFDM vs. SC-FDMA) requires more back-off
· envelope tracking difficult due to wider bandwidths
· the consequence of reduced efficiency is increased heat dissipation and reduced “talk time” if the same average output power is assumed
However, there are no fundamental technical limitations that require an NX UE TX conducted power less than that for LTE:
· the PA needs to be sized larger
· the acceptable heat dissipation depends on UE form factor
· In a high end smart phone the heat dissipation from application subsystem sometimes dominate over modem subsystem
· when a new cellular standard is introduced the first generation of UEs usually have high current consumption and low battery operation time vs. legacy
Hence for operations below 6GHz there are no technical barriers to applying the legacy LTE UE max conducted output power +23 dBm (class 3). For operations in the 6-100 GHz range, more evaluation is needed for the ITU-R response and the studies planned for 30 and 70 GHz.
There are also other aspects relevant for conductive measurements at the antenna port for applicable frequencies:

· sensitivity to phase discontinuity at power steps for support of beamforming
· shorter TDD transient times and more stringent time masks considering low latency and short symbols etc.
5 Operation below 6 GHz
Next we consider some key transmitter and receiver requirements needed for the initial studies and the ITU-R response starting below 6 GHz. Conductive measurements can still be considered for lower frequencies, particularly below 2 GHz even though OTA measurements are particularly relevant from e.g. 3-4 GHz.
For ACLR reusing the E-UTRA ACLR1 requirement of 30 dB for conductive measurements up to 6 GHz is a fair starting point:
· for optimization of current consumption and battery time, UEs only have some decibels margin to the 3GPP ACLR requirement by purpose
· handset vendors usually requires about 3 dB margin for spread due to worst case conditions and for good production yield
OTA measurements of ACLR would have to be a spatial average to yield meaningful results.
For the receiver sensitivity, extending the range up to 6 GHz
· RF-ASIC NF will be about same as for band 42/43
· front-end loss will depend on
· Co-existence with other RATs like WLAN
· RF-Filter technology 
· Increased NF due to a need to spread volumes among suppliers
· number of bands supported 
· Dedicated antenna for this frequency range will bring down front-end loss.
· increased PCB loss
· use of external LNA (close to antenna) to overcome PCB loss could be solution; today mainly used in one of the MIMO path.
For selectivity and blocking the following should be noted
· ACS and blocking performance of single-CA LTE will be easy to meet if a 25MHz blocker BW and a wanted BW of 100MHz are assumed
· if needed the specification could be tightened, the margin on both ACS and inband blocking often exceeds 10 dB.
· ACS increased from 27dB to 37dBfor example
· if a  lower blocker BW is desired (e.g. 5MHz), then further studies are needed to find out what is possible
These parameters could still be verified with conductive measurements although OTA measurements would also be relevant for e.g. the sensitivity. The blocking test is particularly time consuming with the current test setup and step size already for conductive measurements. For OTA measurements, issues like spatial orientation of the wanted signal and the interferer and the frequency range of the chamber needed for support of the wanted- and blocker interferer frequencies.
6 Operation above 6 GHz

For operations above 6 GHz, and in particular for frequencies above 24 GHz for the WRC-19 agenda, OTA measurements would have to be considered for most requirements. The problem of measurement and specification of unwanted emissions up to 100 GHz should be considered from the start. Reciprocity aspects and measurement of in-band characteristics with BF, such as e.g. EVM, are other important aspects that need consideration early.
7 Increased carrier bandwidth 

The NR system will also support significantly larger bandwidths. For the study [36.213] the following carrier bandwidths will be considered:
· around 30GHz or 70GHz: Up to 1GHz (DL+UL) 
· around 4GHz: Up to 200MHz (DL+UL)

For operations below 6 GHz to begin with, increasing the carrier bandwidth from today’s 20 MHz to 100 MHz would mean
· Tx DAC redesign
· increased reconstruction filter bandwidth
· but no significant impact on IQ modulator or Tx buffer.
This means that increased carrier bandwidth can be supported at the cost of increased current consumption.
8 Multi-RAT (multi-standard) operation
At higher frequencies at least, NR will most likely be a TDD system. For TDD in general, requirements on e.g.
· Tx linearity (Tx ACLR at Rx freq)

· Tx LO phase noise at Rx

· Rx LO phase noise
· Rx linearity
are relaxed compared to those of an FDD system. However, in order to support multi-RAT or dual-connectivity operation, the UE will be required to support concurrent NR and LTE operation
· then NR Tx acts as self-interferer at LTE Rx
· the impact will be dependent on frequency separation between NR and LTE band
Testing of joint NR and LTE operation should also be considered; may be for band combinations for which conductive measurements are relevant for one of the RATs and OTA for the other.
9 Operation in shared spectrum

In order to gain access to new frequency bands, particularly above 6 GHz, it may be necessary to consider bands that are shared with other Primary Services or additional unlicensed bands. Then not only LBT is relevant as a sharing mechanism but also other mitigation mechanisms necessary to enable coexistence with other services. 
10 Conclusions

One of the first aspects to consider for the RAN4 studies and the ITU-R WP 5D response is a set of bands to be used. One set of bands could be
1. 700 MHz

2. 3.5 GHz

3. 30 GHz

4. 70 GHz

While many of the requirements below 6 GHz can be based on the current requirements, particular emphasis should be put on frequencies above 6 GHz. Testing aspects need to be considered from the start of specification of the requirements.

RRM aspects are addressed in [4].
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