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1
Introduction
A new study item on Study on New Radio (NR) Access Technology [1] has been approved at the RAN#71 meeting. For multiple access (MA) schemes, it is agreed at the RAN1#84bis meeting that, at least for usage scenario of UL mMTC (massive Machine Type Communications), contention based non-orthogonal multiple access should be studied. TR 38.913 specified requirements for 5G NR, with which very high connection density of mMTC devices is assumed. For this scenario, the scheduling-based or contention-free UL transmission may not be efficient from the resource usage efficiency, power consumption and scalability point of view [2].

Massive small data of mMTC traffic bring challenges for the contention-based transmission design:

· Under the very high connection density assumption, collision is a problem to be solved.

· Uplink data does not always exist in the time domain. Resources management needs to find a trade-off between efficiency and success probability. 

· mMTC shall support diverse applications, whose size of small data may range from 100 bits to 1000 bits. The system shall be scalable and efficient for all kinds of applications. 

In this document we analyze factors to impact the contention-based transmission.
2
Discussion
The UL contention-based transmission can reduce the number of required signalling exchanged between the TRP and the UE. It is expected to provide benefit in ways:

· faster data transmission procedure
· lower power consumption

· higher scalability 

Contention-based (CB) PUSCH was proposed in the study item “Study on latency reduction (LR) techniques for LTE” mainly for latency reduction. In [7], the collision probability and UL delay of CB-PUSCH are evaluated depending to packet arrival rate, number of UEs sharing the PUSCH resources and etc. TP in section 2 has been captured into the TR 36.881. In below, the conclusions drawn in [7] are quoted:

SR-based UL grant and pre-scheduling/SPS give more predictable delay performance whereas the gains from CB-PUSCH are sensitive to load and number of UEs sharing the same resources. CB-PUSCH improves latency compare to SR-based mechanism when the collision rate is low, but it has less resource efficiency because the CB resource is reserved for the UEs mostly unused. CB-PUSCH can improve resource efficiency than pre-scheduling/SPS while it always introduces extra delay when there is collision. Thus it is not clear CB-PUSCH is beneficial in addition to current SR-based scheme and the agreed pre-scheduling/SPS enhancement.
Based on those studies and conclusions, it is necessary to analyse which factors have changed from LTE for NR, e.g. load, collision rate, resource efficiency etc., which may impact the performances of the contention-based transmission. 
2.1
Application scenarios and traffic model
Two application scenarios are possible for the UL contention-based transmission.

Massive access: a massive number of inactive UEs try to initiate their UL data transmission and access the network simultaneously which may cause random access congestion problem. 3GPP have studied traffic characteristics of different MTC applications and defined new traffic models in [4]. The traffic model 2 (30,000 users arrive in 10 second with beta distribution) can be considered as an extreme scenario where a large amount of MTC devices access the network in a highly synchronized manner, such as following triggers from the MTC server or after a power outage.
Although the traffic model for initial access of mMTC has not yet been discussed in the 3GPP, the situation is inevitable worse when the system is expected to support 50,000 users per MHz. When the collision increases, it’s hard for the TRP to distinguish UEs based on contention-based transmission and the failure probability will be increased dramatically. At this case, the UL data transmission of mMTC may not only rely on contention-based transmission.
Massive connectivity: a massive number of UEs have already access the network successfully. At least NAS connection is maintained for those accessed UEs, similar to the suspended state for the UP solution for NB-IoT. This is motivated by the consideration to avoid the whole NAS signaling procedure each time for UL data transmission. It is more like a control plane problem. IMT-2020 foresees at least 1 million connections per squared kilometre in the low power and massive-connection scenario of IOT [5].
[5] defines traffic models for system capacity evaluations for CIoT. In this traffic model, it is assumed that the UL traffic model will consist of 80% Mobile Autonomous Reporting (MAR) periodic reporting traffic, whereas the remaining traffic will come from the network command (NC) traffic model, i.e. the remaining 20%. Note that for MAR periodic reporting approximately 6.81 reports per second per sector on average correspond to 52547 UEs per sector. We believe the traffic model is not proper for the contention-based transmission as:

· The traffic model is studied for GSM system and it may be too conservative for 5G system.

· The calculation is based on the assumption that reports from all the UEs are in an isolated manner and they arrived at the network uniformly in the time domain which might not be the case in the real network, especially from the random access point of view.

· The 5G system is assumed to support diverse mMTC applications. For those with infrequent UL small data transmission e.g. 1 report per day, it is not proper and necessary to allow the UE in the “always-online” state.

Proposal 1: Proper traffic model for contention-based transmission shall be discussed and defined to evaluate the efficiency of candidate contention-based solutions. 
2.2


Collision reduction
Based on the analyses in previous section, we use the traffic model 2 defined in [4] for our study at current stage. Figure 1 shows the number of UE arrivals in the time domain. In general without any restrictions on the UEs’ behaviours for transmission attempt, the consequence is unexpected out of control. Retransmissions of current collided attempt cause more serious collisions in the future attempt and start a vicious cycle. To show how worse the situation is, we take the RACH procedure of current LTE/LTE-A as an example, without any mechanisms to control the collision, random access (RA) attempts over time are shown in Figure 2. The RA success probability is only 13% and each successful UE has to try 2.5 times on average
. 
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Figure 1 UE arrivals over time – traffic model 2 of [4]
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Figure 2 RA attempts over time without overload control - traffic model 2 of [4]
In below, we analyse the collision or overload control for CB starting with the mechanisms existing in current specifications.
In the current E-UTRAN specifications at least the following mechanisms exist for the collision/overload control.

· MAC level back-off timer
· ACB: Access Class Barring

· EAB: Extended Access Barring 

· Access barring mechanism for NB-IoT

· SSAC: Service Specific Access Control

· ACDC: Application specific Congestion control for Data Communication

· RRC Connection Reject with extended wait timer and reprioritization request
Above defined mechanisms control different kind of UEs or services. Please refer to the comparison table below for their characteristics. MAC level back-off timer is conveyed to the UE during the RACH procedure and applicable to all UEs failed receiving Msg2 and Msg4. To reuse the simple way for contention based (CB) transmission, the feedback from the network to the UE shall be defined accordingly and how to use it in the massive access and/or massive connectivity scenario need to be studied. The last two are dedicated RRC signalling related and therefore is not proper for CB transmission. SSAC has been introduced to 3GPP to limit real-time services whenever a major disaster has happened. ACDC aims to prevent critical applications such as voice communications from being restricted together with applications such as data communications, which provides flexible restriction processing on per application basis. Both SSAC and ACDC treat different application scenarios as CB transmission does.

Table 1: Collision/overload control mechanism defined by E-UTRAN

	
	Applicable for which UEs/Services
	Notification of parameter change
	Check before RRC Connection Establishment
	Can be reused for CB

	MAC layer back-off timer
	All UEs
	/
	/
	Y (updating may be needed)

	ACB
	All UEs
	Paging (indication of BCCH modification)
	Y
	N

	EAB
	UEs configured for EAB
	Paging (dedicated indication of EAB parameters modification)
	Y
	Y (may not be enough)

	AB for NB-IOT
	NB-IOT UEs
	/
	Y
	N

	SSAC
	IMS voice capable UEs/Real-time services
	/
	N
	N

	ACDC
	UEs configured for ACDC /Per application basis
	Paging (indication of BCCH modification)
	Y
	N

	RRC Connection Reject
	All UEs
	/
	/
	N

	RRC Connection Reject with extendedWaitTime
	Delay tolerant UEs
	/
	/
	N


ACB is designed for all UEs. UEs check ACB parameters before initiating the RRC connection establishment/resume. UEs with dedicated capabilities can be in addition subject to EAB and ACDC check. Dedicated access barring (AB) mechanism is also defined for NB-IOT UEs. Activation of these Access Control mechanisms will impact UEs without CB transmission and therefore are not proper to control dedicated to UEs with CB transmissions. All these control mechanisms have effect on following RA attempts, thus in a way reduce the RA collisions via preventing all or a part of UEs from initiating the RA attempts. Therefore they might introduce large RA delay. Taking the EAB as an example, although it can solve the collision problem to some extent as shown in Figure 3, not all the UEs can access into the system because part of the UEs’ attempt times exceed the pre-defined threshold and fail finally. Furthermore, ACB, EAB and ACDC require the network to notify corresponding UEs about the changes of parameters through paging. ACB and ACDC rely on the indication of BCCH modification in the paging message while the EAB relies on a dedicated indication of EAB parameters modification. The performances highly depend on paging parameters. Quick activation and smooth deactivation requires different paging parameters to achieve optimized performances [3]. However, it is not feasible to adjust paging parameters dedicated to small data users.
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Figure 3 RA attempts over time with EAB - traffic model 2 of [4] (paging cycle =128ms, nB=1/8)
By above analyses, we can find that today’s access control (collision/overload) mechanisms may not be enough to control the access collision for contention based transmission. Efficient collision reduction mechanism shall be studied.
Observation 1: Today’s collision/overload mechanism may not be enough/applicable for UL contention based transmission.

Proposal 2: Effective collision reduction mechanism shall be studied for UL contention-based transmission.
2.3 Resource allocation and utilization

The TRP decides the resources for contention based access. One straightforward way for the TRP to configure or allocate the resources for UL contention-based transmission assumes fixed resources allocation, e.g. a portion of the system resources (usually in frequency domain) is reserved or pre-defined. Fixed resource configuration or allocation is easy to implement by, e.g. broadcast way and requires less signalling for the resource configuration or allocation.
However the fixed resource configuration or allocation may not be optimal to accommodate with different traffic load/pattern. It may be inefficient in resource usage because the resources for contention-based transmission may need to be reserved to treat the possible highest traffic load. 
While flexibly configure or allocate the contention-based resources can better adapt to traffic load and collision rate. For example, in low traffic load, the TRP can configure or allocate less candidate resources for CB transmission; in high traffic load, the TRP may configure or allocate more candidate resources for CB transmission. The decision shall find a trade-off between the collision probability, efficiency and signaling overhead. 
Regardless of how the CB resources are configured or allocated, the UEs should be able to select one or more CB resource for UL contention-based transmission which will enable the distribution of the UL transmission evenly as much as possible in the candidate CB resources and reduces the collision probability. 
Proposal 3: Resource allocation mechanism for UL contention-based transmission shall be discussed considering a trade-off between collision probability, efficiency and signaling overhead. 
Proposal 4: It should be possible for the UE to randomly select resources for UL data transmission among the candidate resources for CB.
3
Conclusion

In this document, we provide analyses on factors to impact the UL contention-based transmission. We kindly request RAN2 to discuss the following observations and proposals. 
Proposal 1: Proper traffic model for contention-based transmission shall be discussed and defined to evaluate the efficiency of candidate contention-based solutions. 
Observation 1: Today’s collision/overload mechanism may not be enough/applicable for UL contention-based transmission.
Proposal 2: Effective collision reduction mechanism shall be studied for UL contention-based transmission.

Proposal 3: Resource allocation mechanism for UL contention-based transmission shall be discussed considering a trade-off between collision probability, efficiency and signaling overhead. 

Proposal 4: It should be possible for the UE to randomly select resources for UL data transmission among the candidate resources for CB. 
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Annex: Simulation parameters for Figure 1-3

We use the traffic model 2 defined in [4] for the evaluations in this document. The traffic model is as below.

Table 2: Traffic models for MTC

	Characteristics
	Traffic model 2

	Number of MTC devices (K)
	30,000

	Arrival distribution
	Beta distribution ([image: image5.png]
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4) over T

	Distribution period (T)
	10 seconds


We apply the simulation parameters for EAB defined in [4], which are tabulated in Table 2. 

Table 3: Simulation Parameters for EAB

	Parameters
	Setting

	Cell bandwidth
	5 MHz

	PRACH Configuration Index
	6* ([1 6])

	Total number of preambles
	54

	Maximum number of preamble transmission
	10

	Number of UL grants per RAR
	3

	Number of CCEs allocated for PDCCH
	16

	Number of CCEs per PDCCH
	4

	Ra-ResponseWindowSize
	5 subframes

	mac-ContentionResolutionTimer
	48 subframes

	Back-off Indicator of EAB
	20ms

	HARQ retransmission probability for Msg3 and Msg4 (non-adaptive HARQ)
	10%

	Maximum number of HARQ TX for Msg3 and Msg4 (non-adaptive HARQ)
	5


Note1: As already explained the performance of EAB is related to paging parameters, we apply paging parameters contributing to the best EAB performance, i.e. paging cycle = 1.28s, nB=1/8.
� The numbers are obtained by simulations.





