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1 Introduction
At the 3GPP TSG RAN #70 meeting, the Study Item description on "Scenarios and Requirements for Next Generation Access Technologies" was approved [1]. Afterwards, the Study Item description on "Study on New Radio Access Technology" was approved [2] at RAN #71 meeting.
In [1], it identifies the typical deployment scenarios associated with attributes such as carrier frequency, inter-site distance, user density, maximum mobility speed, etc, and to develop requirements for next generation access technologies for the identified deployment scenarios taking into account the ITU-R discussion on IMT-2020 requirements. 
In this contribution, we provide our view in high level for 5G system design according to the requirements in [2] and objective settings in [2].  
2 Discussion
2.1 Discussion on system design principle 
The principle of system design for next generation should take into account the deployment scenarios, usage scenarios and requirements. As summarized in Appendix according to [1], it can be observed that the high frequency is assumed for the small coverage scenario (e.g., indoor) with the large bandwidth whereas the low frequency such as 700Mhz is more assumed for the wide coverage scenario (e.g., rural area) with the small bandwidth due to the characteristics of the applied frequency and spectrum availability. 

From system design perspective, it may be difficult to be optimized for all scenarios with a single design. So the optimal design should consider the following aspects:

· Addressing the typical or key deployment scenarios with the most challenges (e.g., interference or coverage limited scenarios) for the corresponding usage scenarios
· The designed system should be optimized for the key scenarios with sufficient spectrum range while taking into account forward compatibility and satisfactory performance for the other scenarios.
Considering the usage scenarios such as eMBB/mMTC/URLLC, their typical deployment scenarios and spectrum may be different due to their specific usage cases.

· eMBB: the enhanced mobile broad band service including the medium and high end MTC services. It is applied for the most deployment scenarios with wide range of spectrum for consideration. However, dense urban and urban macro could be considered as the typical scenarios with most of the challenges for system design. From spectrum perspective, below ~40GHz can be focused for optimal design in these two deployment scenarios. Above ~40GHz can be focused for optimal design to address indoor or the small cell layer of dense urban scenario. 

· URLLC: the ultra reliable and low latency communication for critical MTC service. Typically it is considered for industry automation, etc. So the coverage of the typical deployment scenario may not need to be large. On the other hand, the large coverage with stringent reliability and latency requirements may mean the significant system resource consumption with low efficiency. So the typical scenario for optimization may focus on indoor or the small cell layer of dense urban scenario. 
· mMTC: massive machine type communication for low end MTC service focusing on large coverage and long battery life. It has been more considered for deployment with low frequency band for large coverage and long battery life. Besides, it is not demanded on the operating bandwidth. So the rural scenario with below 1GHz (e.g., 700MHz) could be considered as the typical scenario for the optimal system design. Besides, the mMTC can take the step on top of NB-IoT with necessary changes to achieve the 5G requirements. 
The typical scenarios/spectrums focused for optimal design are summarized in Table 1 as below:

Table 1. Typical scenario/spectrum for optimal design

	Usage Scenario
	Typical Deployment Scenario
	Typical Spectrum 

	eMBB
	Urban Macro,

Dense Urban (Inc. small cell layer)
	< ~40GHz ,

> ~40GHz (small cell layer)

	URLLC
	Small cell layer / Indoor
	< ~40GHz

	mMTC
	Rural
	< 1GHz (e.g., 700MHz)


Proposal 1: For eMBB including medium and high end MTC service, urban macro and dense urban scenarios with below ~40GHz spectrum and the wide system bandwidth are focused for optimal design.

Proposal 2: For URLLC, small cell layer in dense urban scenario or indoor scenario with below ~40GHz spectrum is focused for optimal design.

Proposal 3: For mMTC targeting the low end MTC service, rural scenario with below 1GHz spectrum (e.g., 700MHz) is focused for optimal design.
2.2 Consideration on support of service multiplexing
In one side, a single framework is targeted to address multiple usage scenarios. On the other side, a device may or may not need to support eMBB/mMTC/URLLC simultaneously considering the diverse requirements and the device implementation cost. So support of multiplexing for the multiple usage scenarios at a device may not be necessary even though it may be required for eNB to offer the different services for different devices. Therefore, multiplexing of the different usage scenarios is preferred to be transparent for a device in system design.
Proposal 4: Multiplexing of the different usage scenarios should be transparent for a device in system design.

From the system perspectives, the different usage/deployment scenarios may lead to different requirements in waveform numerologies. However, from the device perspective, the set of numerologies should be strictly limited or designed such that each set member has simple numerical relationship with other members in order to reduce the complexity in UE implementation.  

In particular, multiplexing of eMBB and URLLC services could be considered in a new RAT with a single waveform. Different than eMBB, URLLC can just be implemented based on symbol level based scheduling with a smaller time granularity than eMBB while sharing the same waveform.
Proposal 5: The set of waveform numerologies should be restricted with the justified scenarios to reduce the UE implementation complexity.
2.3 Considerations on PHY design
For physical layer design, there are a few fundamental issues to take into account as discussed as below.
Firstly, taking into account the much higher peak data rate and user experienced data, the support of the large bandwidth is inevitable for reaching the IMT-2020 requirements. However, as learned from LTE CA operation, the large bandwidth operation may lead to high UE power consumption due to the high sampling rate and/or the parallel processing chains. Therefore, the large bandwidth operation should be performed only if necessary. In most of cases with inactive transmission or low data, it should be desirable for UE to still operate in a narrower bandwidth for low power consumption even though the system bandwidth can be up to hundreds of MHz. Therefore, the mechanism to support the flexible narrow band and wide band operation should be studied for UE energy efficiency. 
Proposal 6: The mechanism to support the flexible narrow band and wide band operation should be studied for UE energy efficiency.
In addition to the bandwidth increase given the high frequency band in 5G, the large number of antenna elements is also getting feasible at least in eNB for massive MIMO operation to achieve 5G high throughput target. Considering more restriction on UE side than eNB on the supported antenna elements, MU-MIMO can be naturally considered as a candidate solution for improving the throughput performance and reaching 3X spectrum efficiency target by exploring the large number of antennas at eNB. However, the precise control on the inter-stream interference between users will be getting harder in this case. Therefore, it is worth further study on more advanced UE receiver for interference cancellation/suppression taking into account the early outcomes of NAICS receiver in Rel12 and MUST receiver in Rel13. 
Proposal 7: The more advanced receiver should be considered to improve the spectrum efficiency and data throughput. 
For the ultra-dense network such as dense urban scenario, the inter-cell interference is typically a limiting factor for performance improvement. Therefore, it is critical to reduce any unnecessary transmission at eNB for avoidance of the inter-cell interference in addition to the interference cancellation at UE receiver side to improve the efficiency. Essentially, the ultra-dense network may be considered as a kind of UE centric system in which any transmission should be user demand based rather than any persistent transmission such as common pilots in LTE regardless of user presence. Therefore, reduction on the physical control and pilots is necessary for a user-centric system to achieve the high performance with less inter-cell interference in an ultra dense network.
Proposal 8: Reduction on PHY control and pilots can be considered to achieve the high performance.    

With existing 3GPP Turbo, the power consumption is quite high in achieving the high data throughput. The reason is due to its original design, specifically, its sequential encode/decode and rate matching for higher throughput. To achieve high performance, a 3GPP encoded data needs to be decoded sequentially. To break the sequential to increase throughput, extra overhead has to be added and higher clock has to be applied, and therefore more power. Therefore, it is worth of study on a new codec which can achieve the high data throughput with low power consumption.

Proposal 9: A codec, achieving the high throughput with low power consumption, should be studied to meet 5G requirements with feasible implementation.
According to the 5G scenarios and requirements defined in [2], it is likely that TDD operation needs to be supported due to the available spectrum. Earlier, one of the constraints for TDD operation is the restricted frame structures which are not easy for adapting to the variation of the traffic load and the diverse scenarios. Therefore, it is important to support the flexible frame structure for adaption to the practical operation taking into account variation of traffic load, deployment scenarios and interference avoidance, etc. In addition, the support of unlicensed band may also need the support of different frame structures.
Proposal 10: Support of flexible frame structure should be considered in the system design. 
3 Conclusion
In this contribution, we provided our view for 5G system design. Based on the discussion, the following proposals are provided for considerations:
Proposal 1: For eMBB including medium and high end MTC service, urban macro and dense urban scenarios with below ~40GHz spectrum and the wide system bandwidth are focused for optimal design.

Proposal 2: For URLLC, small cell layer in dense urban scenario or indoor scenario with below ~40GHz spectrum is focused for optimal design.

Proposal 3: For mMTC targeting the low end MTC service, rural scenario with below 1GHz spectrum (e.g., 700Mhz) is focused for optimal design.
Proposal 4: Multiplexing of the different usage scenarios should be transparent for a device in system design.

Proposal 5: The set of waveform numerologies should be restricted with the justified scenarios to reduce the UE implementation complexity.
Proposal 6: The mechanism to support the flexible narrow band and wide band operation should be studied for UE energy efficiency.

Proposal 7: The more advanced receiver should be considered to improve the spectrum efficiency and data throughput. 
Proposal 8: Reduction on PHY control and pilots can be considered to achieve the high performance.    

Proposal 9: A codec, achieving the high throughput with low power consumption, should be studied to meet 5G requirements with feasible implementation.

Proposal 10: Support of flexible frame structure should be considered in the system design. 
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Appendix
Summary for attributes of deployment scenarios according to [1]: 

Table 1. Attributes of deployment scenarios
	
	indoor hotspot
	dense urban
	Rural
	urban macro
	high speed: 

	Carrier Frequency
	Around 4GHz or

Around 30GHz or

Around 70GHz
	Around 4GHz (small/macro cell layer) + Around 30GHz 
(small cell layer)
	Around 700MHz or

Around 4GHz (ISD1=1732m)
Around 700MHz +

Around 2GHz (ISD2=5000m) 
	Around 2GHz or

Around 4GHz or

Around 30GHz 
	Around 4GHz 
Around 30GHz
Around 70GHz (Relay)

	Aggregated system bandwidth (DL+UL)
	Around 700MHz : up to 20MHz

Around 2GHz / 4GHz: up to 200MHz

Around 30GHz / 70 GHz: up to 1GHz

	BS Tx and Rx antenna elements
	Around 700MHz : up to 64

Around 2GHz / 4GHz: up to 256

Around 30GHz / 70 GHz: up to 256

	UE Tx and Rx antenna elements
	Around 700MHz : up to 4

Around 2GHz / 4GHz: up to 8

Around 30GHz / 70 GHz: up to 32

Relay FFS 
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