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1
Introduction
In RAN1#85 meeting, it was agreed that NR supports scheduling-based multiple access for DL/UL transmissions [1].
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
In this scheme, the UE transmits a Scheduling Request (SR) to the gNB within a pre-assigned resource, and gNB schedules a corresponding UL grant resource in response. However, in most cases the SR-related delay dominates the scheduling-based UL transmission latency, and the SR resource utilization ratio is very low [2]. In this contribution, we present Hybrid Contention-Based (HCB) uplink transmission schemes that can use the resources reserved for dedicated SR more efficiently and provide significant latency reduction in low SR utilization ratio scenarios.
2
Scheduling-based uplink transmission
2.1
Uplink access latency analysis
In LTE, a UE with data to send must send a SR to ask eNB to send uplink grant first. After receiving a scheduling grant, UE can transmit the uplink data packet. In order to send a SR it must wait for a SR opportunity on Physical Uplink Control Channel (PUCCH) resource and a corresponding scheduling grant transmitted to the UE in response. When the grant is decoded the data transmission can start over Physical Uplink Shared Channel (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 Transmission Time Interval (TTI) is 5 TTI and decoding (processing) delay is 3 TTI, resulting in an uplink access latency of 17 TTI in this example. According to Table 1, the SR-related latency is the dominant factor for scheduling-based UL transmission.
Table 1. LTE uplink access latency analysis
	Component
	Description
	Time (TTI)

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

	2
	UE sends Scheduling Request on PUCCH
	1

	3
	gNB 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 (if any)
	1

	7
	Data decoding in gNB
	3

	
	Total
	17


Observation 1: The SR-related latency is the dominant factor for scheduling-based UL transmission.

2.2
PUCCH resource usage for SR
Since the UE uses the PUCCH SR resource when there is an uplink data to be transmitted, the utilization ratio of PUCCH SR resource depends on the traffic type. The utilization of PUCCH SR resource has been evaluated for different data applications and different SR periods and the results are provided in Table 5.1.2.1-1 [2] (reproduced as Table 2 below). For most traffic, the usage ratio of PUCCH SR resource is very low.
Table 2. PUCCH SR resource utilization ratio
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Observation 2: For most traffic types, the usage ratio of PUCCH allocated SR resource is very low.
3
Hybrid contention-based uplink transmission
3.1        Hybrid contention-based SR transmission
As mentioned earlier, in most cases the SR-related delay dominates the scheduling-based UL transmission latency, and the SR resource utilization ratio is very low. Figure 1(a) shows an example of dedicated SR resource allocation. In this example, there are total 10 UEs, and each UE has a dedicated SR transmission opportunity every 80ms. The straightforward way to use the dedicated SR resource better in low utilization ratio is to use contention-based (CB) SR transmission. As illustrated in Figure 1(b), reserved PUCCH SR resources are shared among 10 UEs and every UE has opportunity to send SR every 16ms. It can be expected that CB-SR scheme can achieve much lower UL latency in case of no SR collision or low SR collision probability because of much shorter SR period as compared to dedicated SR scheme. However, the latency of CB-SR scheme is sensitive to collision probability and becomes much worse and unstable in very high collision probability.

To overcome the drawback of CB-SR scheme, we propose a novel hybrid contention-based (HCB) SR scheme that can provide significant latency reduction in low collision probability and stable latency performance as well. As shown in Figure 1(c), HCB-SR resource allocation is comprised of dedicated and CB manners. In this example, it has the same SR access period of 16ms as CB-SR scheme, providing low latency in case of low SR utilization ratio. In addition, that nine consecutive CB-SR resources are followed by one dedicated resource can avoid unstable problem of CB-SR scheme and provide more predictable latency performance. 
Figure 2 illustrates the averaged uplink latency of dedicated SR, CB-SR and HCB-SR schemes. In the simulation, we assume perfect SR detection and Poisson packet arrival model. Apparently, proposed HCB-SR scheme is better than CB-SR scheme since it can provide lower uplink latency for SR utilization above 30% and achieve similar performance for SR utilization below 30%. Moreover, HCB-SR scheme can achieve lower uplink latency for SR utilization below 40% as compared to baseline dedicated SR scheme. According to Table 2, it means that HCB-SR scheme can provide latency reduction for all evaluated traffic types. The uplink latency reduction provided by HCB-SR can be up to 21% and 55% for 10TTI and 80TTI dedicated SR periodicity, respectively. 
Note that UE also can request UL grant by transmitting RACH preamble in LTE. It is similar to CB-SR scheme since RACH preamble may be shared between UEs and collided. However, RACH preamble consumes much more time-frequency resources as compared to SR because it is designed for idle mode transmission where timing offset between UEs is not aligned. Thus SR is a more efficient approach than RACH preamble to request UL grant by contention-based manner in connected mode.
Since HCB-SR is a contention-based manner, it is inevitable that the latency will become worse in case of high SR utilization. Therefore, adaptive mode selection between dedicated SR and HCB-SR according to the SR utilization is necessary to be a complete uplink SR solution.
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Figure 1. Resource allocations of dedicated SR, CB-SR and HCB-SR schemes
[image: image3.png]10

Uplink Latency (ms)

Dedicated SR Period=10ms

Dedicated SR Period=80ms

—— Dedicated SR
—o—CB-SR
—=—HCB-SR

Uplink Latency (ms)

g

3

2

g

8

8

8

3

°

—— Dedicated SR
—o—CB-SR
—=—HCB-SR

10 20 30 40
SR Utilization (%)

(a) Dedicated SR period=10ms

50

10 20 30 40
SR Utilization (%)

(b) Dedicated SR period=80ms

50




Figure 2. Averaged uplink latency of dedicated SR, CB-SR and HCB-SR schemes
Observation 3: HCB-SR scheme is better than CB-SR scheme because it can provide lower uplink latency for middle and high SR utilization and achieve similar performance for low SR utilization.
Observation 4: HCB-SR scheme can provide latency reduction for all evaluated traffic types in TR36.822. The uplink latency reduction provided by HCB-SR can be up to 55% for 80ms dedicated SR period.
3.2        Hybrid contention-based SR/Data transmission
For very low SR periodicity such as 1TTI, data-related latency is the dominant factor for scheduling-based UL transmission rather than SR-related latency. One possible way to further reduce the UL latency is to use contention-based transmission, where UE can transmit UL data without sending SR, and multiple UEs may share the same time-frequency resource. However, if gNB can not decode message successfully in CB uplink access, the uplink latency will increase due to random back-off and then re-transmission, and may even become unstable in high loading scenarios.
It would be beneficial if the gNB can identify the UE that performed the CB transmission even when data packet can’t be successfully decoded. Therefore, we propose a hybrid contention-based SR/Data transmission scheme, where SR and data can be transmitted together in either contention-free or contention-based manner. Figure 3 shows an example of HCB-SR/Data transmission scheme. In this example, dedicated SR and CB data are transmitted together in the same TTI. If gNB can successfully decode the CB-data, the UL latency reduction can be up to 60%. When CB-data is not correctly decoded by gNB, HCB-SR/Data transmission can automatically fall back to scheduling-based UL procedure to avoid potential latency increase caused by random back-off and CB re-transmission.
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Figure 3. An example of hybrid contention-based SR/Data transmission
Observation 5: HCB-SR/Data scheme can provide significant UL latency reduction when gNB can successfully decode the CB-data. If CB-data is not correctly decoded by gNB, HCB-SR/Data transmission can fall back to scheduling-based UL procedure to avoid potential latency increase caused by random back-off and CB re-transmission.
4
Conclusion
In this contribution, we discuss the advantages and disadvantages of scheduling-based and contention-based UL transmissions, and propose hybrid contention-based UL transmission schemes that provide significant latency reduction in low SR utilization ratio scenarios. Our observations are listed below: 
Observation 1: The SR-related latency is the dominant factor for scheduling-based UL transmission.

Observation 2: For most traffic types, the usage ratio of PUCCH allocated SR resource is very low.

Observation 3: HCB-SR scheme is better than CB-SR scheme because it can provide lower uplink latency for middle and high SR utilization and achieve similar performance for low SR utilization.
Observation 4: HCB-SR scheme can provide latency reduction for all evaluated traffic types in TR36.822. The uplink latency reduction provided by HCB-SR can be up to 55% for 80ms dedicated SR period.
Observation 5: HCB-SR/Data scheme can provide significant UL latency reduction when gNB can successfully decode the CB-data. If CB-data is not correctly decoded by gNB, HCB-SR/Data transmission can fall back to scheduling-based UL procedure to avoid potential latency increase caused by random back-off and CB re-transmission.
Based the above observations, we have the following proposal:
Proposal 1: NR should support contention-based scheduling request transmission and contention-based data transmission at least for eMBB connected mode.
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