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Discussion/Decision
1 Introduction
At the 3GPP TSG RAN#71 meeting, new study item (SI) description regarding the “Study on New Radio Access Technology” was approved [1]. The aim of the new study item is to develop a “New Radio (NR)” access technology which operates in frequency ranging up to 100 GHz and requires supporting a wide range of use cases such as enhanced mobile broadband (eMBB), ultra-reliable low-latency communications (URLLC), massive machine type communication (mMTC) in a single technical framework. Based on these use cases and requirements, one main topic for RAN1 discussion is a multiple access scheme that will be used for phase II specification. This contribution shares Samsung’s views and proposals for multiple access schemes considering co-existence of various vertical services in 5G new radio interface. For the discussion, we assume OFDMA as a baseline for downlink and OFDMA/SC-FDMA for uplink and more details can be found in our companion contribution [2].
2 Discussion
2.1 Requirements for multiple access in 5G new radio interface
As stated in SID [1], one of the objectives of “Study on New Radio Access Technology” is to study a single technical framework addressing all usage scenarios, requirements and deploy scenarios defined in TR38.913 [3]. The three main use cases considered for 5G new radio interface are eMBB, URLLC, and mMTC. In addition, other use cases, for example, enhanced Multimedia Broadcast Multicast Service (eMBMS) can also be considered for 5G. 
These various use cases for 5G new radio interface have diverse requirements in terms of data rates, latency, and coverage. eMBB is expected to support peak data rate (20Gbps for downlink and 10Gbps for uplink) and user experienced data rates in the order of three times IMT-Advanced. On the other hand, in case of URLLC, the tighter requirements are put on ultra-low latency (0.5ms for UL and DL each for user plane latency) and high reliability (1-10-5 within 1ms). Finally, mMTC requires high connection density (1,000,000 devices/km2 in urban environment), large coverage in harsh environments ([164 dB] MCL), and extremely long-life battery for low cost devices ([15 years]) [3]. 
To support these use cases with diverse requirements in a single technical framework, the system framework design needs to take into account various aspects, such as waveform and multiple access scheme, numerology and frame structure, and time-frequency resource allocation. 
2.2 Multiple access considering different vertical services for 5G new radio interface
5G new radio interface will have several vertical services satisfying each 5G use case. Since the requirements for each use case for 5G new radio interface are distinct, different design aspects should be considered for different vertical services. Numerology considerations here include subcarrier spacing, symbol length, FFT size, TTI, etc. Some possible considerations for the numerology are listed in Table 1.
Table 1 Desired features in numerology for different services.
	Services
	Desired features in numerology

	URLLC
	Short TTI duration

	eMBB
	Numerology needs to be designed to operate with minimal overhead while meeting performance targets over typical cellular deployments

	mMTC
	Narrow UE bandwidth support for large connection density

	eMBMS
	Long cyclic prefix for SFN transmissions (if OFDM based waveform is adopted)


As summarized in Table 1, different vertical services require different features in terms of numerology. In the following, we discuss how these features can be achieved from air interface design point of view.

URLLC requires a minimized air latency and/or extremely low error rate and therefore would benefit from having a short TTI duration. Taking LTE as the reference, a shorter TTI compared to LTE can be achieved by adopting either a smaller number of OFDM symbols per TTI, or smaller OFDM symbol duration, or both. 

eMBB requires maximized link throughput and therefore needs to consider typical cellular environment under which eMBB will be serviced. For sub-6GHz spectrum, typical cellular environment is quite similar to LTE and therefore the LTE numerologies could be a good starting point. For over-6GHz spectrum, the numerologies should be designed considering the outcome of the channel model along with limitations on RF components in this spectrum.
mMTC requires the support of narrow UE bandwidth so as to simultaneously provide connection to large number of UEs. eMTC supports a bandwidth of 1.4MHz but NB-IoT’s bandwidth can go as low as 3.75kHz resulting in significantly larger number of UE connections per cell. Having the capability to support such low bandwidth could be beneficial for 5G new air interface considering one of the key applications is mMTC.
eMBMS is another potential service that we could consider for 5G new air interface. If OFDM is selected as 5G new air interface’s waveform, it would be natural to support SFN transmissions to minimize coverage holes and provide robust performance. For efficient SFN transmission, cyclic prefix would have to be designed large enough to take into account the diversity transmissions from other sites. A larger cyclic prefix could lead to additional overhead. One way to remedy this problem would be to decrease the subcarrier spacing and thereby reducing the portion of the cyclic prefix overhead in the time domain.
Compared to LTE which was primarily designed for eMBB, 5G new air interface needs to support optimized air interface features for different vertical services. Considering different requirements on various vertical services, it would be beneficial if it was possible to flexibly multiplex the transmissions of different vertical services in both the time domain and frequency domain. An example of time domain multiplexing is found in LTE where eMBMS and eMBB signals are separated in the time domain. Even though the numerologies of these two verticals are different, there is no mutual interference issue since they occupy exclusive time resources. Frequency domain multiplexing on the other hand can be beneficial when coverage is critical.
Considering the importance of supporting different vertical services in 5G new air interface, a single framework that allows flexible multiplexing of different vertical services is important. It should be possible to assign different vertical services on separate time or in frequency resource while maintaining the characteristics of different verticals. Figure 1 shows an example of multiplexing several vertical services within a radio frame. As shown in the figure, different vertical services can be multiplexed in either frequency domain, time domain, or both. Furthermore, in addition to traditional time and frequency multiplexing, spatial domain multiplexing between different vertical services could be another alternative worth considering given the possibility of enhanced spatial separation in 5G new air interface.
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Figure 1. Example of multiple access among vertical services. 
There are two alternatives of multiplexing different verticals in 5G new air interface. First alternative would be to follow LTE’s principle where a common numerology is adopted and different verticals are supported based on this design. For example, URLLC and eMBB would be supported under a common numerology. For this approach, RAN1 would need to study how to fulfil the URLL requirements while maintaining high eMBB spectral efficiency under this constraint. . Second alternative would be to adopt multiple numerologies which are each optimized for different verticals. In short, this approach would be to adopt a vertical-specific numerology. For this approach, RAN1 would need to study if it is feasible with or without specification support to simultaneously transmit two signals with different numerologies in a common system bandwidth.
Proposal 1: Time and frequency domain multiplexing of different verticals should be supported in 5G new air interface. Study pros and cons of common numerology based alternative and vertical-specific numerology based alternative.
For the resource allocation for different vertical services, we can consider two types of configuration. One is semi-static configuration for each vertical service. Semi-static configuration can indicate time-frequency resources reserved for each vertical service prior to the transmission of the vertical services, where scheduling information and data channel for an UE can be signaled in the reserved resources for a vertical service. Resource reservation for vertical services can be signaled by common control channel, which can be transmitted using common numerology. The semi-static configuration may make system operation relatively simple, however, it may result in spectrum inefficiency since it hinders flexible use of resources once it is reserved for a certain vertical service. On the other hand, dynamic configuration can increase spectral efficiency by scheduling the resource used for each vertical service in the unit of frame/subframe/slot/symbol. The trade-off between control overhead and spectral efficiency increase due to dynamic scheduling should be taken into account. 
Proposal 2: Consider both dynamic and semi-static configuration for the resource allocation of vertical services. 
Special design may be necessary for multiplexing of URLLC and other traffics. URLLC, for example, has a requirement of 0.5 ms user plane latency, which may imply that on-demand (which randomly arrives in time) traffic needs to be supported with higher scheduling priority than other vertical services or transmitted without waiting for scheduling. Such a high scheduling priority in URLLC may result in performance degradation of other traffics multiplexed with URLLC. For example, the data rate of eMBB can be decreased due to lack of available resources, when URLLC traffic increases. Therefore, efficient ways to support URLLC with minimum impact on other on-going traffics should be further studied. More details of the URLLC can be found in a companion contribution [4].
Observation 1: Increase in URLLC traffic with higher scheduling priority may deteriorate the performance of other traffics multiplexed with URLLC.
Proposal 3: Study efficient techniques to support URLLC with minimum impact on other traffics.
3 Conclusion

This contribution shared Samsung’s views for multiple access schemes considering co-existence of various vertical services in 5G new radio interface and proposed the following.

Proposal 1: Time and frequency domain multiplexing of different verticals should be supported in 5G new air interface. Study pros and cons of common numerology based alternative and vertical-specific numerology based alternative.
Proposal 2: Consider both dynamic and semi-static configuration for the resource allocation of vertical services. 

Proposal 3: Study efficient techniques to support URLLC with minimum impact on other traffics.
In addition, the following observation is made:
Observation 1: Increase in URLLC traffic with higher scheduling priority may deteriorate the performance of other traffics multiplexed with URLLC.
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