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Discussion on MTC device power consumption on RACH solutions
1 Introduction
Last GP#50 meeting, some companies showed concerns on device power consumption for present RACH solution. This paper discusses power consumption for MTC devices during the whole immediate assignment procedure. MTC device power consumption includes sending Channel Request message and Monitoring downlink CCCH during this period. In this paper, the number of sending Channel Requests was used to evaluate power consumption on uplink CCCH (RACH), and also the period of monitoring downlink CCCH were used to evaluate power consumption on downlink CCCH during an immediate assignment procedure.
Base on above description, this paper also provides simulation results of power consumption for MTC devices with 3 RACH solutions including legacy mechanism [1], Huawei solution [2] and Ericsson solution [3]. The simulation assumptions are referred to [4] and Annex A.
2 Discussion of Power consumption
MTC device will consume power when sending channel request message, shown in Figure 1. It will consume more power if more access attempts (Channel Request) are sent, and the access attempts can be used to reflect power consumption for MTC device on uplink CCCH.
According to [1], “After sending the first Channel Request message, the mobile station shall start listening to the BCCH; it shall also listen to the full downlink CCCH timeslot corresponding to its CCCH group.” So the period for MS which successfully access the network is from sending the first Channel Request to receiving the assignment command successfully, also shown in Figure 1. During all this period, MS will consume power to listen to downlink CCCH except some slots on which MS will send Channel Request message. So this period can be used to reflect power consumption on downlink CCCH. MS will consume more power due to more longer listening time.
In the Figure 1, it shows that after sending the maximum times of Channel Request message during an immediate assignment procedure, an MTC device then starts the timer T3146, and received an assignment message from the network before expire of T3146. So the power consumption for MTC device includes 5 times of sending Channel Request (M=4) on uplink CCCH and listening to the full downlink CCCH during the whole immediate assignment procedure.
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Figure 1: Description for Power Consumption during a whole immediate assignment procedure
3 Simulation Results of Power consumption
3.1 T1+T3 traffic mode: 

Simulation assumptions:
This is a scenario mixed T1 and T3 traffic model. With T1 model, MTC devices randomly access network with 5 to 30 PS arrivals per second and interval of arrivals is 5. T3 model gives 2 types of Poisson arrival intensity, i.e. 5 CS arrivals per second and 20 (5 CS and 15 PS) arrivals per second.

The network maintains CS queue and PS queue respectively for users which send CS request and PS request. Also, the network will assign the users in CS queue at first priority. Channel Request refers to Channel Request for CS or EGPRS Packet Channel Request for PS.
With T1+T3 traffic mode, the whole simulation period is from 0 to 160th second, and evaluation period is 10th-60th second. It is noted that the 60th-160th second is used to capture the result for the user which initiate access to the network at end of evaluation period (10th-60th) to complete the whole immediate assignment procedure. And this period was shown with legend “Maximum Access Period of evaluation MTC Devices” in Figure 2.
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Figure 2: Explanation of different periods for T1+T3 traffic mode

Both Legacy CS mobiles and PS mobiles access network following the legacy mechanism, and MTC devices behave in ways specified by 3 RACH solutions respectively which are the legacy mechanism [1], Huawei solution (j=20000) or Ericsson solution (i=109).
Simulation results:
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Figure 3: Access Attempts for MTC devices with T1+T3 (Left: 5 Users, Right: 20 Users)
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Figure 4: Monitoring CCCH/D Time for MTC devices with T1+T3 (Left: 5 Users, Right: 20 Users)

Analysis:

· In Figure 3, it shows that access attempts are very close for these 3 presented solutions.

· In the Figure 4, it gives the mean monitoring time for all evaluated MTC devices which successfully access the network. Because retransmission periods were extended in Ericsson solution, MTC devices with Ericsson solution take longer time to monitor downlink CCCH than the devices with legacy mechanism and Huawei solution, which is also shown in Figure 4. The mean monitoring time of MTC devices with Ericsson solution is over 15s, and with legacy mechanism and Huawei solution is less than 1.5s.
3.2 T2+T3 traffic mode: 

Simulation assumptions:
This is a scenario mixed T2 and T3 traffic model. T3 model is same as sec2.1. With T2 model, MTC devices access the network in a coordinated/synchronized manner with a beta distribution seen in [4]. The number of MTC devices in T2 model is 500, 1000, 1500 and 2000 respectively.
The whole simulation period is from 0 to 100th second, the statistic period is 0-100th second, the 1st-100th second shown with legend “Maximum Access Period of evaluation MTC Devices” in Figure 5 is for the MTC device which initiate to access to the network at end of the synchronized sending period (0-1st s) to complete the whole access procedure in 3 ways respectively, i.e. the legacy solution, Huawei solution or Ericsson solution.
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Figure 5: Explanation of different periods for T2+T3 traffic mode

Other simulation assumptions are same as T1+T3 traffic mode.

Simulation results:
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Figure 6: Access Attempts for MTC devices with T2+T3 (Left: 5 Users, Right: 20 Users)
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Figure 7: Monitoring CCCH/D Time for MTC devices with T2+T3 (Left: 5 Users, Right: 20 Users)

Analysis:

· In Figure 6, it shows that access attempts with Huawei solution are less than legacy mechanism and Ericsson solution.

· In Figure 7, similar like T1+T3, it shows that the mean monitoring time of devices with Ericsson solution is over 19s, and monitoring time is less than 2.5s for Huawei and legacy. Monitoring time for Huawei solution is shortest and much shorter than Ericsson’s.
4 Conclusions
Conclusion:

In both 2 traffic mode (T1+T3 and T2+T3), MTC devices which perform an immediate assignment procedure with Huawei will consume much less power than MTC devices with Ericsson solution.
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6 Annex A: Assumptions of CDF and BLER
Device CDF on CIR distribution on RACH and AGCH is same, see figure 8. BLER on RACH and on AGCH is different and all less than 22 dB. If User’s CIR is higher than 22 dB with CIR, the BLER for this user will be zero. Details for BLER could be seen in figure 9. 
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Figure 8: Devices Distribution based on CIR
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Figure 9: BLER on RACH & AGCH
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