3GPP TSG-RAN WG1 Meeting #74
R1-133773
Barcelona, Spain, 19th – 23rd, August, 2013
Agenda item:
   7.2.4.2
Source:
Fujitsu

Title:
MTC PRACH Limitations
Document for:
Discussion/Decision

1 Introduction
[1] provides the core requirements for the new MTC WI. One of the preferred techniques captured in [1] is repetition. This contribution analyses the potential repetition pattern impact upon PRACH, when devices located in deep coverage holes have to be supported.
2 Discussion
2.1 PRACH Resources
Section #9.5.3.1 [1] indicates the possibility of applying power boosting on PRACH sequence employed by coverage hole devices. It should be mentioned that a deep coverage hole device may have no Tx power headroom available, already operating at nominal Tx Power, therefore PRACH power boosting may not be applicable for devices operating under extreme coverage conditions.

Observation 1: Power boosting applied on PRACH by devices operating in deep coverage conditions may not be applicable due to the lack of UL TX power headroom.

Based on Table 5.2.1.2-2 [2] updated with requirements from [1] (i.e. additional SINR=-15 dB), the updated MCL (FDD), amount of repetitions and expected latency (assuming 2 PRACH subframe/frame) are presented:
	PHY Channel/ Signal
	Target SINR
	Actual Tx Power
	Rx Sensitivity
	FDD MCL
	FDD Channel MCL
	Signal Repetition
	PRACH subframes per Frame
	Latency

	
	[dB]
	[dBm]
	[dBm]
	[dB]
	[dB]
	
	
	[ms]

	PRACH
	-10
	23
	-118.7
	141.7
	14.0
	26.0
	2
	130


Table 1 PRACH repetition and latency (initial random access request) estimates based on [1] requirements.
Where:
· MCL represents the Maximum Coupling Loss, based on the assumptions presented in [2], for devices operating on cell edge.

· MCL represents the difference between MCL of a device operating in a coverage hole 15 dB bellow the cell coverage levels.

· Signal Repetition represents the amount of consecutive repetitions required for the respective PRACH signature, assuming the amount of PRACH subframe per frame.

· Latency is the calculated delay of such a repetitive PRACH signature.
A 1Rx device required to combat an extra -15 dB coverage deficit, is required to send the same PRACH signature for 26 consecutive PRACH subframes, during the initial random access request.
Observation 2: Providing PRACH support for deep coverage hole MTC devices, it could increase up to 26 times the collision risk for both human and machine traffic, for the respective PRACH signatures.

Assuming Tokyo urban model (Annex A [1]) and 1% of the overall MTC devices operating in extreme coverage conditions, we can assume 180 extreme coverage deficit devices. 








(1)

Two operational cases emerge:

1. Scheduled (regular) reporting

· In this case, one PRACH signature would be permanently allocated to extreme coverage devices.
(2)

· Assuming each coverage hole device is supposed to ride a PRACH signature for up to 0.3 and based on [4], every device will report at every 4.4 min (min scheduled reporting duration), then for this type of reporting, one PRACH signature will be permanently reserved for coverage hole devices when transitioning from IDLE to RRC CONNECTED Mode.
2. Triggered reporting
Assuming a grid wide event, affecting the entire node population, located within one cell coverage, all smart meters would be required to execute a triggered reporting.

[3] calculates RACH Intensity for different smart meter scenarios, for regular coverage case. Assuming scenario described qualitatively in Table 1 and assuming 5% of the users located in the worst coverage hole scenario (all of them having 1 Rx transceivers), the following updated RACH Intensity set of results emerges:

	
	
	
	London
	Tokyo

	 
	 
	Duration [s]
	Dense Urban
	Urban
	Dense Urban
	Urban

	Regular Coverage Case
	Scheduled Reporting
	3600
	0.8
	3.3
	1.4
	5.0

	
	Command Response Report (~10s)
	10
	277.8
	1182.3
	514.2
	1805.1

	
	Triggered Reporting (~3-5s)
	3
	926.0
	3941.0
	1714.0
	6017.0

	5% Deep Hole Coverage
	Scheduled Reporting
	3600
	1.7
	7.4
	3.2
	11.3

	
	Command Response Report (~10s)
	10
	625.1
	2660.2
	1157.0
	4061.5

	
	Triggered Reporting (~3-5s)
	3
	2083.5
	8867.3
	3856.5
	13538.3


Table 2. RACH Intensity [1/s] for smart meter scenarios for London and Tokyo traffic models assuming regular coverage and 5% of devices located in deep coverage hole .
If we consider a low collision probability Pc=0.01, then it could be noticed that eNB should provide 1.3E6 PRACH  preamble signatures/s in order to support a proper trigger reporting for the Tokyo Urban case, which is un-sustainable.
Since the percentage of deep hole devices is dependent on the local architecture, the amount of deep hole devices (-15 dB bellow cell edge coverage conditions), this percentage is not fixed. Bellow diagram presents the distribution of RACH intensity, calculated based on the methodology defined by [5]
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Figure 1. RACH intensity based on Tokyo and London Urban models, for -15 dB deep hole 1 Rx devices.
It is observed that for Pc=0.01, the required amount of RACH opportunities should be in excess of 1E6/s for Triggered Response and in excess of 500,000 for the Command Response cases.

The problem is compounded, by the fact that the deep hole devices may require reserved sets of signatures, given the amount of consecutive PRACH opportunities required to ride. Since the allocated sets should be an equivalent % of the total amount of PRACH opportunities, the related collision probability as a result of the increased RACH intensity is 1.00.
All the above facts point to the serious impact the machine traffic and particularly the deep hole devices, have upon PRACH resources, which should be shared with the human traffic.
Proposal 1: A new dedicated PRACH for MTC use should be considered in order to support deep hole coverage traffic.
2.2 PRACH Resource Management
As indicated above, when actual PRACH resource is required to support deep coverage hole MTC devices:

· A significant increase of PHY resources allocated to PRACH traffic will occur.
· A significant increase in PRACH collision will occur, impacting both human and machine traffic and ultimately increasing the latency access for the human traffic.  
· With extensive application of MTC UEs, the PRACH load is one severe issue as indicated by Fig. 1 and [3]. 
In order to reduce collision probability, beside a dedicated PRACH channel, an efficient resource management should be considered. Possible solutions could be based on:
· Configure separate ZC root sequences for MTC UEs. The ZC root sequence has a close CM value with that of legacy UEs so that interference randomization could be achieved even if PRACH preambles generated from different ZC root sequences occur at the same frequency/time resources. 

· Extend the idea of configuring multiple PRACH slots in a UL subframe in the TDD system into the FDD system. Accordingly, MTC UEs and legacy UEs could use different PRACH resources for the preamble transmission. Thus an overload in the MTC resources would not necessarily impact PRACH access from legacy UEs. The method of configuring multiple PRACH slots in one UL subframe can also alleviate PRACH overloading due to its essence of allocating more resources for PRACH transmission. In addition, if MTC UEs are configured with different sizes of reduced bandwidth, the method is even more attractive since different MTC UEs can choose the corresponding PRACH resource based on their own operation bandwidth.

Proposal 2: Resource partitioning should be considered in order to mitigate the impact of massive PRACH resource repetitions required to support devices operating in deep coverage holes. 
3 Conclusions

The following conclusions emerge.
Proposal 1: A new dedicated PRACH for MTC use should be considered in order to support deep hole coverage traffic.
Proposal 2: Resource partitioning should be considered in order to mitigate the impact of massive PRACH resource repetitions required to support devices in deep coverage holes.
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