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1. Introduction
RAN#71 approved a SI for study on New RAT (NR, also known as 5G) [1]. The objectives include:
	(1) 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 


In this contribution we clarify some aspects of these use case families (also known as verticals) – namely eMBB, mMTC, and URLLC. 
2. Discussion
2.1 NR use cases and categories
A fully mobile and connected society is expected in the near future, which will be characterized by a tremendous amount of growth in connectivity, traffic volume and a much broader range of usage scenarios. Some typical trends include explosive growth of data traffic, great increase of connected devices and continuous emergence of new services [3]. The next generation of mobile technology is positioned to address these demands and business contexts of 2020 and beyond. 
A variety of use case families were identified by NGMN [2] including broadband access (e.g., pervasive video), high mobility such as high speed trains, massive IoT (e.g., sensor networks), extreme real-time communications (e.g., tactile internet), lifeline communications (e.g., natural disaster response), ultra-reliable communications (e.g., e-health services), broadcast services (e.g., news and information) etc. As can be seen in [2], the use case families and categories can be numerous and the list can be extensive. 

Observation 1. NR use case families and categories can be numerous and the list can be extensive.
TR 38.913 [3] has broadly divided the usage scenarios into three families. We list them below in Table 1 along with their characteristic features. For simplicity, we are using only three levels – low, medium and high – to define the requirements in Table 1.
Table 1. 5G main use case families with characteristic features
	Use Case Family
	Data Rate
	Reliability
	UE density
	E2E Latency
	Mobility

	Enhanced Mobile Broadband
	High
	Medium
	Medium
	Medium
	Low (Pedestrian)

High (Vehicular)

	Massive MTC
	Low
	Medium
	High
	?
	?

	URLLC
	Medium
	High
	Medium
	Low
	?


Observation 2. The three use case families identified in TR 38.913 have very diverse requirements. 

2.2 Protocol design
LTE user plane consists of PDCP, RLC, and MAC layers. In this document we focus on impact of the NR use cases/requirements on LTE-like protocol layers (i.e., PHY/MAC/RLC/PDCP) and the design considerations and challenges to support the three use case families discussed above.
2.2.1 Ultra reliable and low latency communication
For high reliability, a guarantee that the packets are received by the destination error-free is required. For such scenarios acknowledged mode in higher layer is useful if physical layer cannot provide such high reliability requirement. RLC AM can provide indications of whether the transmissions were successful. If the packet is not delivered error-free, then a retransmission is required. However the retransmissions introduce additional latency. Retransmissions can be handled by almost any layer in the protocol stack, however the higher the layer which handles the retransmissions, longer will be the delay and higher the overhead due to signaling, headers etc. In addition, the higher layers need to get the packets in order, so re-ordering is required.
For low latency, it is desirable to avoid retransmission as the retransmissions inherently introduce additional delay. So the acknowledged mode may not be appropriate because of additional delay associated with acknowledgement as well as the retransmission procedure.
From the above description, it is clear that the two objectives of URLLC are contradicting. Therefore a tradeoff between the two is required. Depending on the level of reliability and latency requirement, one has to decide how to achieve it. When both the objectives are to be achieved, several aspects come into play:
· Ultra-robust transmission so that error of each transmission is extremely low

· Robust MCS

· Interference mitigation

· Ramped-up power

· Ultra-fast retransmission
· Retransmissions from the lower layer the better (e.g., HARQ is better than RLC ARQ; RLC ARQ is better than upper layer retransmission)
· Unsolicited retransmissions (i.e., repetitions without feedback)

· Reduction of node processing times for retransmission preparation and tx

· Fast resource allocation
· Unsolicited grants/Pre-allocation: avoid delay associated with UE asking for resources
· Reduction of node processing times for generating grant, receiving grant, tx preparation and tx

· Fast in-order delivery to upper layers
· Re-ordering is required for in-order delivery; lower the layer where reordering is handled the better

· Properly setting re-ordering timers (too short timer can discard the packets in flight resulting in upper layer retransmissions, too long timer causes long waits before detecting genuine packet loss)

· Reduction of node processing times for buffer management and reordering
· Fast handovers to support mobility while maintaining low latency

· RACH-less handover

· Loss-less with data forwarding

· UE-based mobility
Based on the above discussion, RLC-AM-like protocol as well as PHY featuring robust HARQ with small RTT is useful for URLLC.
Observation 3. RLC-AM-like protocol as well as PHY featuring robust MCS and fast HARQ with small RTT is useful for URLLC.
As discussed above, we note that the requirements of URLLC can be mainly addressed through the design of the NR physical layer and lower protocol layers (MAC and RLC). 
Observation 4. The requirements of URLLC can be mainly addressed through the design of the NR physical layer and lower protocol layers (MAC and RLC).

2.2.2 Massive MTC
Compared to the URLLC, the delay requirement may not be as stringent for mMTC; however reliability is expected. 
The major challenge is in connection density. Because of a large number of terminals in an area, too many connection establishment and terminations can happen. This can introduce sudden overload in the system. To handle sudden surge in connection requests, larger amount of common resources such as random access channels may be required. To support large number of devices, the network needs to be able to store, handle and process massive number of device contexts. This may add significant processing power requirements for the network nodes. Similarly, very large ID space is required (e.g., the maximum C-RNTI value in LTE may be insufficient for NR supporting mMTC).  In addition, low signaling overhead per connection is required to support very large number of devices simultaneously.
Another design consideration is for deep indoor coverage, as the MTC devices may be deployed at semi-static locations in basements and undergrounds (e.g., vending machines).
For use cases involving, for example, small and cheap sensors which generate traffic only once in a while but are expected to last for an elongated period of time, another design consideration would be battery life. This will require efficient control and data plane mechanisms, e.g., low signaling overhead and long DRX methods.

These are only a few examples of design considerations required to support mMTC in NR. However, from this discussion, it is reasonable to say that the design goals should include signalling minimization, reducing protocol headers, and reducing context storage in the network. One possible way is to consider connectionless and stateless access protocols, or using states temporarily during the data burst.

So, lightweight protocol with some sort of acknowledged mode support for reliability is required for mMTC. If reliability is expected to be achieved with unsolicited repetitions, unacknowledged mode may also be sufficient.
Based on the above discussion, we think that the requirements of mMTC can mainly be addressed through control plane signalling reduction mechanisms.
Observation 5. The main design goals for mMTC should include signaling minimization, reducing protocol headers, and reducing 
context storage in the network.
2.2.3 Enhanced mobile broadband

TR 38.913 has already identified 5 deployment scenarios for eMBB. These include indoor hotspot, dense urban, rural, urban macro and high speed. The deployment scenarios cover a very diverse area and many different combinations of mobility, reliability, data rate requirements are possible. However, in general we think that latency requirements would not be most stringent but data rate requirements would be high.
For use cases like video streaming and VoIP, unacknowledged mode operation would suffice. Data forwarding during handover is also not required. 

For use cases requiring high reliability such as email and FTP, acknowledged mode operation is required. Lossless data forwarding during handover is required, otherwise higher layer retransmissions will be required which increases system load, overhead and delay.
Basic LTE system was designed mainly for high peak data and high throughput which is aligned with eMBB use case. Therefore, if protocol architecture design for NR is discussed based on LTE as a starting point, it is likely that most of the NR design will be mainly focused around eMBB. However, requirements for other verticals as discussed above also need to be kept in mind for forward compatibility.
Observation 6. Most of the current design work for NR is expected to be around eMBB.
Based on the above discussion, we propose that:

Proposal 1. RAN2 should discuss forward compatibility solutions taking into account the requirements for other verticals.

3. Summary

Based on the above discussion, we observe that the design requirement for different verticals that need to be supported in NR can be diverse. While it is expected that most of the current design work for NR will be focused around eMBB, the requirements for other verticals as described above and outlined in the following observations need to be kept in mind. 
Observation 1.
NR use case families and categories can be numerous and the list can be extensive.
Observation 2.
The three use case families identified in TR 38.913 have very diverse requirements.
Observation 3.
RLC-AM-like protocol as well as PHY featuring robust MCS and fast HARQ with small RTT is useful for URLLC.
Observation 4.
The requirements of URLLC can be mainly addressed through the design of the NR physical layer and lower protocol layers (MAC and RLC).
Observation 5.
The main design goals for mMTC should include signaling minimization, reducing protocol headers, and reducing context storage in the network.
Observation 6.
Most of the current design work for NR is expected to be around eMBB.
Proposal 1.
RAN2 should discuss forward compatibility solutions taking into account the requirements for other verticals.


4. References
[1] RP-160671, NTT DoCoMo, “New SID Proposal: Study on New Radio Access Technology”
[2] NGMN 5G White Paper v1.0
[3] TR 38.913 Study on Scenarios and Requirements for Next Generation Access Technologies; (Release 14) V0.2.0

3GPP


