3GPP TSG-RAN WG4 Meeting #78bis                                          R4-162375
San Jose del Cabo, Mexico, April 11 - 15, 2016
Source: 
Huawei, HiSilicon
Title: 
Considerations on 5G new waveforms
Agenda Item:
9.2
Document for:
Discussion
1 Introduction
The SI for 5G was approved at RAN#71 [1], in which the task of PHY signal design is as follows:

(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
i. Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
1. FFS: other waveforms if they demonstrate justifiable gain

ii. Basic frame structure(s)

iii. Channel coding scheme(s)

…

…
· Fundamental RF aspects – especially where they may impact decisions on the above, e.g., 
i. Study and identify the aspects related to the testability of RF and performance requirements
Regarding the study of waveform, both RAN1 and RAN4 will be involved. In this contribution, we discuss what RAN4 needs to contribute to facilitate the study.
2 Discussion
2.1 General 5G waveform design principles
On a high level, the following 5G waveform design principles are essential to meet the 5G requirements [2]:

1. Flexibility
· 5G waveform should be flexible enough to support various scenarios with different types of traffic, e.g., enhanced mobile broadband (eMBB), massive machine type communications (mMTC), and ultra-reliable and low latency communications (URLLC).

· 
Flexible numerology support 
· Frequency localization to enable high spectral efficiency and efficient coexistence with other systems
· Time localization to support low-latency communication with very short TTIs

2. Spectral Efficiency
· The peak spectral efficiency targets of 5G are 30bps/Hz for downlink and 15bps/Hz for uplink
· MIMO friendliness
· High order modulation support
3. Uniform Waveform Design for Downlink, Uplink, and Side Link
· A symmetric waveform benefits both downlink (DL) and uplink (UL), and also facilitates the coexistence of access, device-to-device (D2D), and backhaul communications. 

4. Implementation
· Not only the waveform itself but also its implementation method should be taken into consideration.
Regarding 5G waveform candidates, there are roughly two categories:

· OFDM based orthogonal waveform: Universal-Filtered (UF-OFDM) (a.k.a. UFMC), windowing-OFDM, and filtered-OFDM (a.k.a. f-OFDM) [5] belong to this category, in which complex-domain orthogonality of OFDM symbols is maintained
· Non- orthogonal waveforms: Typical waveforms in this category include Spectrally-Precoded OFDM (SP-OFDM), FBMC (filter bank multi-carrier) and GFDM (Generalized frequency division multiplexing). The common feature of these waveforms is that they are not complex-domain orthogonal.
Fig.1 shows the high level processing of both TX and RX for OFDM based orthogonal waveform.
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Fig. 1: OFDM-based orthogonal waveform TRX scheme
To choose the most suitable waveform for 5G, any candidate waveform should be carefully evaluated against all the above design principles. In the following subsection, we discuss how RAN4 can contribute to this evaluation study.
2.2 RAN4 scope of study 

2.2.1 Spectrum emission including ACLR/SEM and spurious emission
Whenever a new RAT is introduced, a set of emission requirements including ACLR, SEM and spurious emission need to be defined. In the SI phase, we can consider using the existing LTE requirements as the benchmark to evaluate 5G’s spectrum emission performance since they can ensure the good compliance with existing regulations. Of course, this is only applicable to the below 6GHz spectrum. For above 6GHz, we need to refer to the corresponding requirements that may be applicable [3].
In this evaluation, we can consider the impact of the varying number of occupied sub-carriers, and either frequency domain filtering or time domain windowing on meeting the requirement. 
In terms of simulation parameters, we need to agree on the following for both BS and UE without proposed values yet, i.e. open for discussions:

	Simulation parameters
	Value

	Channel bandwidth
	

	Number of occupied sub-carriers
	

	Modulation
	

	BS/UE TX power
	

	Over-sampling rate
	

	BB signal spectral shaping method (either frequency domain or time domain)
	

	Clipping (for PAPR reduction)
	

	PA model
	

	PA operating point
	

	Other RF impairments etc. such as LO leakage and I/Q imbalance for UE
	


It is worth noting that there are 6 channel bandwidth options, i.e. 1.4/3/5/10/15/20MHz for LTE. At this stage, it is too early to tell if any new bandwidth option will be introduced in 5G for below 6GHz. 

2.2.2 Guard band (GB)
One key design target of 5G is further improved spectrum efficiency as compared to LTE. For the LTE, the GB size is 10% of the channel bandwidth (excepted for 1.4MHz channel). While how much reduction in the GB can be achieved is to be discussed and decided, pending joint study from both RAN1 and RAN4, the general view is 5G should do better than LTE. In RAN4’s perspective, we can assume a range of the GB size relative to the channel bandwidth, say from almost 0% to less than 10% in the evaluation of complying with spectrum emission requirements as discussed above.
2.2.3 EVM

EVM is a very important metric to evaluate the modulation quality taking into account RF impairments. From BS point of view, the effect of clipping contribute a significant part to EVM so TX signal’s PAPR property is implicitly considered as well. 

Another issue that may be unique of 5G is multiple services coexisting in a single continuous block of spectrum. As shown in Fig. 2, URLLC, eMBB and mMTC with different numerologies share the same spectrum. Depending on the GB between two adjacent services, there may be interference from neighboring services. Thus, it warrants some discussion whether EVM may need to take such interference into account. 
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Fig. 2: Multiple services coexisting in a single continuous block of spectrum
2.3 Standardization timeline
There seems to be consensus that the 5G new air interface will be flexible and forward compatible to support a number of diverse scenarios, applications, spectrums and device capabilities with configurable numerology in terms of sub-carrier spacing, CP length, and TTI length, etc. Therefore, the same air interface will be designed to support spectrums both below and above 6GHz. With this understanding and the fact that below 6GHz is likely to be deployed sooner based on its readiness from channel modeling and RF implementation maturity, it seems reasonable to focus on below 6GHz first in RAN4’s waveform study.

3 Conclusion

In this contribution, we provide our views on the high level principle of 5G waveform design. We also give the initial discussion of RAN4 related evaluation to help choose the final waveform. Finally we suggest focusing on below 6GHz first in RAN4’s waveform study 
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