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1
Introduction
Low latency is one of the key requirements of the fifth Generation (5G) communication. With much lower uplink latency than that in LTE, 5G can support many new applications that are very latency sensitive, such as industry & vehicular automation, mission critical broadcast and self driving car.
In this paper, we will present two major contention-based uplink access schemes including contention-based scheduling request and contention-based physical uplink shared channel (PUSCH), discuss the benefit and point out the possibly complete solution for uplink access.
2
Overview of LTE Uplink Access Latency [1]
A UE with data to send must send a Scheduling Request (SR) to ask eNB to send uplink grant first. After receive a scheduling grant, UE can transmit the uplink data packet. In order to send a SR it must wait for a SR opportunity on PUCCH resource and a corresponding scheduling grant transmitted to the UE in response. When the grant is decoded the data transmission can start over PUSCH. 
As an example, a simple assessment of important sources of latency for an UL access is presented in Table 1. Assuming the average waiting time for a SR opportunity at a periodicity of 10 TTI (Transmission Time Interval) is 5 TTI and decoding (processing) delay is 3 TTI, resulting in an uplink access latency of 17 TTI in this example.
Table 1

	Component
	Description
	Time (TTI)

	1
	Average waiting time for SR opportunity (10TTI SR period)
	5

	2
	UE sends Scheduling Request on PUCCH
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay
	3

	6
	Transmission of UL data and Buffer Status Report
	1

	7
	Data decoding in eNB
	3

	
	Total
	17


3
Contention-Based Uplink Access
The key point of contention based uplink access is that UE can start uplink access from a contention-based channel. There are two major contention-based uplink access schemes for latency reduction. One is Contention-Based Scheduling Request [2] and the other is Contention-Based PUSCH [1].
3.1
Contention-Based Scheduling Request
The Contention-Based Scheduling Request (CB-SR) can reduce the SR delay by sharing the SR resource among more than one UE. The CB-SR procedure is listed below
1. The eNB configures the same SR resource for several UEs.
2. The UE(s) sends SR to the eNB using the configured SR resource.

3. If there is no SR collision, the eNB allocates a PUSCH grant.

4. The UE transmits the uplink data on the PUSCH.

In case of no CB-SR collision and CB-SR period of 1 TTI, the average uplink access latency is reduced to 12.5 TTI as shown in Table 2.
Table 2
	Component
	Description
	Time (TTI)

	1
	Average waiting time for CB-SR opportunity (1TTI CB-SR period)
	0.5

	2
	UE sends Scheduling Request on PUCCH
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay
	3

	6
	Transmission of UL data and Buffer Status Report
	1

	7
	Data decoding in eNB
	3

	
	Total (if no collision)
	12.5


3.2
Contention-Based PUSCH

For Contention-Based PUSCH (CB-PUSCH) transmission, UE can transmit UL data without sending SR, and multiple UEs may share the same PUSCH resource. The CB-PUSCH procedure is listed below

1. The eNB configures the same PUSCH resource for several UEs.

2. The UE(s) sends UL data and Buffer Status Report (BSR) to the eNB using the configured PUSCH resource.

If no CB-PUSCH collision and CB-PUSCH period set to 1 TTI, the average uplink access latency is reduced to 4.5 TTI as illustrated in Table 3.

Table 3
	Component
	Description
	Time (TTI)

	1
	Average waiting time for CB-PUSCH opportunity (1 TTI CB-PUSCH period)
	0.5

	2
	Transmission of UL data and Buffer Status Report on PUSCH
	1

	7
	Data decoding in eNB
	3

	
	Total (if no collision)
	4.5


3.3
Benefit and Solution
Apparently, contention-based uplink access can significantly reduce uplink access latency in case of no collision and lower collision probability [1].

In 5G massive machine type communications (Massive MTC) applications, the traffic is inherently sporadic. For example, the targeted use cases are utility meter, smoke/fire alarm and traffic flow control with typically small message size. Signalling overhead is a more significant part of over-the-air transmissions for such rare transmission case, and therefore a larger proportion of the device power consumption. Thus the benefits of using contention-based uplink access in mMTC would be lower power consumption and shorter latency.
On the other hand, the uplink traffic loadings for enhanced mobile broadband (eMBB) vary from time to time and depend on many different factors. However, if there are collisions in contention-based uplink access, the uplink latency will increase due to random back-off and then re-transmission, and may even become unstable in high collision probability. 
It would be beneficial if the eNB can identify the UE that performed the CB-PUSCH transmission even when collision happens, e.g., by different DMRS Cyclic Shift [3]. But this also means that the signalling overhead from DMRS will increase and lead to lower resource efficiency.

To find a more complete solution, we suggest to develop the adaptive mode selection between request grant based access to avoid collision and contention-based access to reduce latency and remove the protocol overhead according to the traffic loading. For example, CB-PUSCH provides good latency performance and resource efficiency if eNB has vacant PUSCH resource, and on the other hand, CB-SR is preferred under low or middle traffic loading.
4
Conclusion

Contention-based uplink access can definitely reduce uplink access latency if no collision or lower collision probability. But when collision happens, uplink access latency will increase due to random back-off and then re-transmission. Therefore, adaptive mode selection between request grant based access and contention-based access according to the traffic loading is necessary to be a complete uplink access solution.

Proposal: Uplink access should support contention-based uplink access and adaptive mode selection between request grant based access and contention-based access according to the traffic loading in order to provide low uplink latency.
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