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Simulations for Optimized Matching Response
1. Introduction

A detailed analysis of the legacy procedure for access request and response matching procedure that takes into account values for S and T along with BSS response times was provided in [1] where it is shown that substantial MS power savings can be realized by optimizing the response matching procedure. This power savings would be of greatest value to wireless devices that do not have access to an external power supply and are expected to remain operational in the field for extended time periods (e.g. months or years). This discussion paper provides analysis of the impact on performance metrics resulting from using the optimized response matching procedure described in [1].
2. Simulation Assumptions

The traffic model used for the following evaluation is users arriving independently of each other with arrival rates of 10 and 20 users per second, respectively. The “MS lookback time” is defined as the time the MS monitors the AGCH for a matching assignment message after sending any given “Channel Request” message on the random access channel (RACH). The simulator modelling includes the transfer delay on the RACH and the AGCH, and the irregularity of the AGCH on the TDMA frame structure (i.e. delays resulting from the occurrence of FCCH, SCH and Idle frames within the overall structure of a 51-multiframe).
Table 1. Evaluation variables
	Parameter
	Value
	Comment

	Arrival rate, λ
	10, 20 [users/s]

	As users are arriving independently of each other the arrival process is a Poisson arrival process

	MS lookback time
	Inf., 0.6, 0.5, 0.4, 0.3, 0.2, 0.1 [seconds]
	The legacy lookback time mechanism is denoted as Inf. It is considered along with the optimized lookback times examined herein.


Table 2. Evaluation criteria 
	Parameter
	Value
	Comment

	Access succcess rate, ASR
	-

	The ratio between the number of system accesses made and the number of system accesses granted (MS receives an immediate assignment)

	Average number of attempts
	-
	Average number of “Channel Request” messages sent for a given system access.


Table 3. Protocol specific parameters

	Parameter
	Value
	Comment

	CCCH assumptions

· Tx-integer

· S

· Max. retrans (M)

· T3142

· T3146
	20

109

4

5 sec.

(Tx+2S)/217=1.1 sec.
	See 3GPP TS 44.018 for implementation details

	BCCH configuration
	Non-combined
	

	AGCH prioritized over PCH
	Yes
	No paging load


Table 4. Link specific settings
	Parameter
	Value
	Comment

	Channel profile
	TU3


	

	Receiver type UL
	MRC =  NO 
	


Table 1 summarizes the evaluation variables.  Table 2 specifies the evaluation criteria. Table 3 summarizes the protocol specific parameters based on the simulation assumption agreed for the GERAN IMTC study [2]. In Table 3 and Table 4 the relevant protocol and link specific parameters are summarized, respectively. Figure 1 specifies the CDF associated with uplink and downlink C/I ratios.
[image: image1.png]CDF

09

0.8

06

05

0.4

03

01

— Uplink
Downlink

ch

35




Figure 1. CDF of C/I distribution

3. Simulation results

As can be seen in Figure 2 below there is no significant decrease in ASR when decreasing the “MS lookback time” as specified in Table 1 (the blue line is the same as the red line in Figure 2).
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Figure 2. Access success rate, arrival rate 10, 20 users/sec
Regarding the average number of channel requests sent during an access attempt it can be seen in Figure 3 that there is a slight increase when the MS lookback time decreases to 0.1 sec (otherwise no significant impact can be seen). Figure 3 shows that in practice the impact of using an optimized response matching procedure (i.e. which focuses on reducing the MS lookback time) does not have any appreciable impact on the “average number of attempts” performance compared to the legacy response matching procedure (Inf). The use of reduced lookback time may in practice be limited to MS that are configured to use this feature in which case a BSS would be able to determine, as a result of receiving a “Channel Request”, when it is dealing with such an MS. This may then lead to a BSS applying reduced prioritization to these MS which would increase the average number of attempts (per successful system access) above what is indicated in Figure 3.
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Figure 3. Average number of attempts, arrival rate 10, 20 users/sec
In Figure 4 the access delay distributions are plotted for 10 and 20 users per second arrival rate, respectively. The legend enumerates the lookback time as specified in Table 1. It should be noted that for the left figure the CDFs for the different lookback times are entirely overlapping. Figure 4 shows that in practice the impact of using an optimized response matching procedure (i.e. based on reducing the MS lookback time) does not have any appreciable impact on the access delay performance compared to the legacy response matching procedure (Inf). In figure 4 it can be seen that when decreasing the MS lookback time the results are indistinguishable when sweeping from 200 ms and upwards, as the CDFs are perfectly overlapping. The only setting where a slight difference can be noted is when using a 100 ms lookback time, which is also reflected in figure 3 for the case of 20 users per second load; (i.e. when reducing the lookback time below 200 ms there is a slight increase in the number of attempts per MS (and therefore delay) but the overall ASR is unaffected as indicated by figure 2). This slight increase in the number of attempts (and delay) is due to that for a 20 user per second load there will more often be queued messages for the AGCH. 
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Figure 4. Delay distributions, arrival rate 10, 20 users/sec

4. Further Analysis
It should be noted that a primary reason for the key performance metrics remaining unaffected by a reduction in lookback time is the practical impact that radio conditions will have on system access performance (e.g. RACH collisions will occur regardless of lookback time). The delay imposed by BSS queuing of access responses to be sent on the AGCH will of course vary somewhat according to BSS implementations but this implementation specific variable is quite dynamic and in practice is seen as having a value less than 100 ms for a high percentage of loading conditions. In addition, it should be noted that the OMP feature is strictly targeting power savings in the MS and is not to be seen as a tool for handling overload control since the legacy strategy for an MS resending a given access request up to Max. Retrans is not impacted (i.e. OMP only impacts the duration of the time period an MS looks for a matching response on the AGCH after sending/resending an access request on the RACH).

5. Conclusion
Considering that the access success rate, the average number of access attempts per successful system access, and the access delay performance is not appreciably different when contrasting the optimized response matching procedure described in [1] to the legacy response matching procedure, and that significant MS power savings are possible using the optimized response matching procedure as shown by [1], system information should be enhanced to allow for indicating the maximum BSS response time (i.e. the lookback time to be used by an MS). More specifically, for the case where system information indicates the maximum BSS response time and the S and T values applicable for a given system configuration result in the spacing of access request messages that exceed the maximum BSS response time, the following Rel-12 enhancements should be specified:

· An MS shall only look for an Immediate Assignment message that matches its last transmitted Channel Request (i.e. instead of supporting legacy matching operation whereby an MS looks for an Immediate Assignment message matching any of its last 3 transmitted Channel Requests). 

· An MS shall make use of the indicated maximum BSS response to determine how long to look for a matching Immediate Assignment message following the transmission of any given Channel Request.


[1] GP-120976, Energy Efficient AGCH Monitoring, Ericsson, ST-Ericsson


[2] 3GPP 43.868 - GERAN Improvements for Machine-type Communications
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