3GPP TSG RAN WG1 Meeting #84bis	R1-162923
Busan, Korea 11th – 15th April 2016

Agenda Item:   8.1.6.2
Source:	  InterDigital Communications
Title:	  Discussion on modulation for New Radio systems 
Document for:	  Discussion  
[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
In RAN meeting #71, a study item proposal was agreed on the New Radio Access Technology [1]. Among the objectives of the SI is to allocate high priority on the following areas in the initial work:
·  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)
In this contribution, we highlight the design principles related to the modulation for new radio interface addressing all usage scenarios defined in TR38.913 [2] including:
· Enhanced mobile broadband (eMBB)
· Massive machine-type-communications (mMTC)
· Ultra-reliable and low latency communications (URLLC)

2	Discussion
The IMT-2020 is envisaged to support a broad variety of capabilities with diverse usage scenarios and applications over a broad range of spectrum. There could also be additional new use cases that may emerge in the coming years which are not foreseen today. This will require flexibility and diversity of the modulation schemes to serve many different use cases and scenarios beyond the current IMT-Advanced. In the following, we try to provide a short overview of the key features of each usage scenario and their relation to the modulation techniques. Recommendations on how to address the challenges are also proposed.    
eMBB
According to the IMT vision for 2020 and beyond [3], the enhanced MBB usage scenario will come with new application areas and requirements in addition to existing MBB applications for improved performance and an increasingly seamless user experience. Besides, it is envisioned that eMBB will need to support very high throughput data links to cope with the growth of data traffic operating over bands between 6 GHz and 100 GHz. Therefore, among the key design challenges for eMBB would be the flexibility to efficiently operate in power-limited as well as bandwidth-limited scenarios. 
The legacy systems operating over the bands below 6 GHz were mainly bandwidth-limited; however, the envisioned eMBB systems operating over the bands beyond 6 GHz could be potentially more power-limited. In the legacy bandwidth-limited systems, one of the key design principles to achieve higher spectral efficiency was the use of higher order modulation techniques at the expense of higher power, e.g. 3GPP introduced 256 QAM for the downlink in the LTE-Advanced Rel-12. Conversely, in the higher spectrum where a significantly larger bandwidth could be available, the system may take advantage of a relatively low-order modulation to increase the radio link budget at the expense of bandwidth. 
Among the use cases envisioned for eMBB is enhanced multimedia services such as Ultra High Definition display, multi-view High Definition display, mobile 3D projections, immersive video conferencing, augmented reality and mixed reality. This may require an entirely different approach for modulation. For example, Hierarchical modulation which enables the transmission of two independent streams on a single frequency channel, with different transmission qualities (high priority and low priority), is a good candidate for video applications. Hierarchical modulation has been extensively used in digital broadcasting systems such as the Digital Video Broadcasting (DVB-T) standard [4] and is now commercially available.
Proposal 1: Advanced modulation schemes need to be evaluated for eMBB.

URLLC
Achieving high reliability under tight latency constraints imposes a new challenge on the modulation scheme design. In general, wireless communication channels suffer from many impairments including noise, interference and multipath fading. In the case of URLLC, the goal is to provide a much more robust transmission for a much smaller payload despite all these inherent impairments.
Among the range of applications envisioned for URLLC, there are some use cases such as smart grids, remote surgery and factory automation that are well known for their noisy communication environments, which mainly consist of background noise and impulse noise. In a noisy environment, existing QAM modulation schemes will exhibit increasing spread within constellations and decreasing separation between adjacent constellations. In order to significantly increase the noise immunity of the future radio interface for ultra-reliable applications, a robust modulation scheme should be considered to provide the best immunity to any corruption. Two common examples are BPSK, and QPSK. In fact, BPSK is the most robust of all the PSKs against noise. 
BPSK provides high immunity against noise and interference so it is a very robust modulation. However, BPSK has to be detected coherently which could be a challenge in a fast fading channel. One key performance target for URLLC is the support of high speeds up to 500 km/h. Obtaining an ultra-reliable channel estimate at these high Doppler environments could be extremely challenging. Besides, accurate channel estimation in high Doppler scenarios requires a lot of overhead. One simple approach to solve this problem could be to use a non-coherent modulation scheme. For example, differential modulation such as DBPSK or DQPSK can be employed to overcome the phase ambiguity effect caused by the communications channel. DBPSK is a common form of phase modulation that conveys data by changing the phase of the carrier. Using non-coherent transmission such as DBPSK avoids the need for the knowledge of channel states information altogether and can be an attractive alternative to the ordinary BPSK. Differential modulation is widely used in the industry such as power line communications for Smart Grid applications which requires very high reliability [5]-[6].
Proposal 2: Consider non-coherent modulation for the ultra-reliable mode of operation.
 
mMTC
Among the key design targets for mMTC applications are low cost and high coverage. From the cost perspective, the introduction of any higher order modulation scheme may increase the EVM requirements at the receiver which in turn will translate into higher component costs. For example in NB-IoT, since the system is not optimized for high coding rates, NB-PDSCH uses QPSK as the baseline modulation scheme [7]. From the UL coverage perspective, mMTC is expected to provide deep coverage for indoor applications. Accordingly, the modulation scheme should be chosen based on the target received SINR. Compared to legacy systems, the SINR can also be impacted by the non-orthogonal multiple access schemes which are being proposed for the NR. In NB-IoT, BPSK modulation with  phase rotation and QPSK with  phase rotation have been adopted for the NB-PUSCH for the single-tone mode of transmission to meet the 164dB MCL requirement. Phase rotation is applied to facilitate PAPR reduction. For multi-tone mode of transmission other low PAPR modulation schemes such as 8-BPSK and Tone-Phase-Shift-Keying (TPSK) for the NB-IoT UL have been proposed [8]. Another key requirement to make mMTC deployments feasible will be the ability to use low cost devices with significantly extended battery life (e.g. more than 10 year battery life). In order to meet this requirement, the design of modulation scheme for mMTC should take high energy efficiency into account. 
Proposal 3: The impact of interference on modulation need to be taken into account in case the non-orthogonal multiple access was agreed for mMTC.
Proposal 4: The design of modulation scheme for mMTC should strive for high energy efficiency.
[bookmark: _GoBack]3	Conclusion
In this contribution, we discussed the impact of modulation on all usage scenarios defined in TR38.913. We propose the following:  
Proposal 1: Advanced modulation schemes need to be evaluated for eMBB.
Proposal 2: Consider non-coherent modulation for the ultra-reliable mode of operation.
Proposal 3: The impact of interference on modulation need to be taken into account in case the non-orthogonal multiple access was agreed for mMTC.
Proposal 4: The design of modulation scheme for mMTC should strive for high energy efficiency.

References
[1] [bookmark: _Ref444525514][bookmark: _Ref446341336][bookmark: _Ref442098367]3GPP, RP-160671, “Study on New Radio Access Technology,” Mar. 2016.  
[2] [bookmark: _Ref446342041][bookmark: _Ref446341551]Recommendation ITU-R M.2083, “IMT Vision – Framework and overall objectives of the future development of IMT for 2020 and beyond”.
[3] Recommendation ITU-R M.2083, “Framework and overall objectives of the future development of IMT for 2020 and beyond,” Sep. 2015.
[4] [bookmark: _Ref446342054]“Digital Video Broadcasting (DVB); Framing Structure, Channel Coding and Modulation for Digital Terrestrial Television," ETSI EN 300 744 V1.5.1, Nov. 2004.
[5] [bookmark: _Ref446343476]ITU - Telecommunication Standardization Sector STUDY GROUP 15, “Narrowband orthogonal frequency division multiplexing power line communication transceivers for G3-PLC networks,” Recommendation ITU-T G.9903, October 2012, approved. 
[6] [bookmark: _Ref446343478]ITU - Telecommunication Standardization Sector STUDY GROUP 15, “Narrowband orthogonal frequency division multiplexing power line communication transceivers for PRIME networks,” Recommendation ITU-T G.9904, October 2012, approved.
[7] [bookmark: _Ref446342210]3GPP, RP-160183, “Status Report NB-IoT,” Mar. 2016. 
[8] [bookmark: _Ref447015124]3GPP, R1-160108, “Description of 8-BPSK and TPSK for the NB-IoT uplink,” Qualcomm Incorporated, Jan 2016.
