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Energy Efficient AGCH Monitoring
1. Introduction

The legacy system access procedure for uplink TBF establishment is further examined in an attempt to determine if improvements can be made towards prolonging MS battery life. More specifically, when considering the legacy mechanism used when an MS attempts to detect a matching assignment message on the AGCH in response to a Channel Request, it becomes apparent that such power savings can be realized by modifying the way in which an MS monitors the AGCH while looking for a matching assignment message. Improved battery life is of course always desirable in general and is of even greater importance for the following cases:
· For remote devices that have no external power supply where maximizing connectivity time through extended battery life is therefore critical.
· For networks that prefer to down prioritize access requests received from MTC devices (configured for Low Access Priority) during periods of CCCH congestion.
· For devices that frequently experience less than nominal coverage or congestion such that a given access attempt often results in the transmission of multiple access requests.
· For devices that have access to an external power supply where minimizing the frequency of battery recharge will of course help improve the overall end-user experience.
An analysis of the legacy procedure for access request and response matching that takes into account values for S and T along with different worst case BSS response times is therefore performed in an attempt to see if significant battery savings can be realized. T is the value of the parameter "Tx-integer" broadcast on the BCCH (see the first column in Table 1) and M is the value of the parameter "max retrans" broadcast on the BCCH (i.e. where M = 1, 2, 4 or 7). S is a parameter depending on the CCCH configuration and on the value of Tx-integer as defined in Table 1. 
	TX-integer
	non combined CCCH
	combined CCH/SDCCH

	3,8,14,50
	55
	41

	4,9,16
	76
	52

	5,10,20
	109
	58

	6,11,25
	163
	86

	7,12,32
	217
	115


Table 1: Values of parameter S

2. Legacy Access Request Scheduling

An MS attempting a system access first schedules the transmission of Channel Request messages and then sends maximally M + 1 of these messages on the RACH in a way such that:

· When requesting resources for a PS connection (other than in the case of sending a paging response) the mobile station shall send the first Channel Request message in the first available TDMA frame belonging to the mobile station’s RACH. 

· In all other cases, the number of slots belonging to the mobile station's RACH between initiation of the system access procedure and the first Channel Request message (excluding the slot containing the message itself) is a value drawn randomly with uniform probability distribution from the set {0, 1, ..., max (T,8) ‑ 1}.
· The number of slots belonging to the mobile station's RACH between two successive Channel Request messages (excluding the slots containing the messages themselves) is a random value drawn randomly for each new transmission with uniform probability distribution in the set{S, S + 1, ..., S + T ‑ 1}.
3. Specific Time Intervals for Access Response Matching

An example is now considered based on the parameter values provided in Table 5 of TR 43.868 (GERAN Improvements for Machine-type Communications) which are as follows:

· TX-integer (T) = 20 and S = 109

· Max. retrans (M) =  4
· T3146 (started after sending the maximum allowed number of CHANNEL REQUEST messages) = (T+2S) TDMA frames (1 TDMA frame = 4.61ms) up to a maximum of 5 seconds. 
The initial Channel Request of a given system access attempt is sent on the RACH at time t = Ti and is followed by 4 additional access requests (i.e. M = 4) sent using RACH slots that are randomly spaced in the range {S, S + 1, ..., S + T ‑ 1} = {109, 110…128} TDMA frames apart. 
· The minimum spacing between two successive Channel Requests is therefore 109 TMDA frames (503ms), the maximum spacing is 128 TDMA frames (591ms) and an average spacing is 119 TDMA frames (549ms).
· The 2nd Channel Request is sent at time t = Ta (Ti+549ms), the 3rd Channel Request is sent at time t = Tb (Ta+503ms), the 4th Channel Request is sent at time t = Tc (Tb+549ms) and the final Channel Request is sent at time t = Td (Tc+591ms) as shown in Figure 1. 

· After transmitting the last access request at t = Td the MS continues to look for matching assignment messages corresponding to one of its last 3 access requests for (T+2S) TDMA frames = 238 TDMA frames = 1097ms according to the definition of T3146.
· Note that regardless of the time interval in which an MS looks a matching IA message, the probability of collision between two MS attempting system access using the same Request Reference information is considered to be negligible e.g. two MS send a Channel Request with the same FN information (they use the same RACH burst such that the value for FN modulo 42432 is the same) and the same random access information (they select the same random bits value).  


[image: image1]
Figure 1 – Channel Request Spacing
According to legacy operation an MS will only treat a matching Immediate Assignment (IA) message as valid if it matches one of its last 3 access attempts since it does not know how delayed any given IA message may be (i.e. it does not know the worst case BSS response time for Channel Request messages it receives on the RACH). Assuming a worst case BSS response time of 500ms and considering the 5 time intervals shown in Figure 1 we then have the following: 
Time Interval 1:

· Here we consider the time interval starting from when MS1 sends its initial Channel Request at t = Ti and ending just before it sends its 2nd Channel Request (i.e. a 549ms interval).
· Since a worst case BSS response time of 500ms has been assumed, MS1only needs consider the first 500 ms of Time Interval 1 when searching for an IA message that matches the Channel Request sent at t = Ti.
Time Interval 2:

· Here we consider the time interval starting from when MS1 sends its 2nd Channel Request at t = Ta and ending just before it sends its 3rd Channel Request (i.e. a 503ms interval).
· Since a worst case BSS response time of 500ms has been assumed, MS1essentially needs consider the entirety of Time Interval 2 when searching for an IA message that matches the Channel Request sent at t = Ta (i.e. it does not need to search for an IA message matching the Channel Request it sent at t = Ti).

Time Interval 3:

· Here we consider the time interval starting from when MS1 sends its 3rd Channel Request at t = Tb and ending just before it sends its 4th Channel Request (i.e. a 549ms interval).

· Since a worst case BSS response time of 500ms has been assumed, MS1only needs consider the first 500ms of Time Interval 3 when searching for an IA message that matches the Channel Request sent at t = Tb (i.e. it does not need to search for an IA message matching the Channel Request it sent at t = Ti or t = Ta).

Time Interval 4:

· Here we consider the time interval starting from when MS1 sends its 4th Channel Request at t = Tc and ending just before it sends its 5th Channel Request (i.e. a 591ms interval).

· Since a worst case BSS response time of 500ms has been assumed, MS1only needs consider the first 500ms of Time Interval 4 when searching for an IA message that matches the Channel Request sent at t = Tc (i.e. it does not need to search for an IA message matching the Channel Request it sent at t = Ta or t = Tb).

Time Interval 5:

· Here we consider the time interval starting from when MS1 sends its 5th Channel Request at t = Td (at which point it starts T3146) and ending when T3146 expires (i.e. a 1097ms interval).

· Since a worst case BSS response time of 500ms has been assumed, MS1only needs consider the first 500ms of Time Interval 5 when searching for an IA message that matches the Channel Request sent at t = Td (i.e. it does not need to search for an IA message matching the Channel Request it sent at t = Tb or t = Tc).

4. Observations
For the example considered in section 3 above the following observations can be made:

(a)
For any given time interval an MS only needs to be looking an IA matching its most recently transmitted Channel Request message (i.e. not its last 3 transmitted Channel Request messages as currently specified for legacy operation).

(b)
The amount of time an MS looks for a matching IA message within any given time interval should be determined by the worst case BSS response time (i.e. information that can be optionally included as new system information).
(c)
The MS saves power by only looking for a matching IA message that reflects its last transmitted Channel Request message within a time window determined by the worst case BSS response time.

(d)
This power savings feature will only be used when system information indicates a worst case BSS response time (i.e. in the absence of this system information an MS will use legacy system access procedures).
5. Processing Savings

A mobile station that takes into account the worst case BSS response time when searching for a matching IA message on a per time interval (TI) basis as described in section 3 above will experience a processing savings (compared to legacy operation) as follows:

	
	Matching IA in TI 1
	Matching IA in TI 2
	Matching IA in TI 3
	Matching IA in TI 4
	Matching IA in TI 5

	Optimized Matching Procedure (OMP)
	MS looks for IA1 for up to 500ms
	MS looks for IA2 for up to 500ms
	MS looks for IA3 for up to 500ms
	MS looks for IA4 for up to 500ms
	MS looks for IA5 for up to 500ms

	Legacy Matching Procedure (LMP)
	MS looks for IA 1 for up to 549ms
	MS looks for IA1 and IA2 for up to 503ms
	MS looks for IA1, IA2 and IA3 for up to 549ms  
	MS looks for IA2, IA3 and IA4 for up to 591ms
	MS looks for IA3, IA4 and IA5 for up to 1098ms

	Cumulative processing time (in ms) spent looking for a matching IA message
	OMP: 500
LMP: 549
	OMP: 500+ 500 = 1000

LMP: 549+ 503 = 1052
	OMP: 1000+ 500 = 1500

LMP: 1052+ 549 = 1601
	OMP: 1500+ 500 = 2000

LMP: 1601+ 591 = 2192 
	OMP: 2000+ 500 = 2500

LMP: 2192+ 1098 = 3290

	OMP Processing Savings  
	49/549 = 9%
	52/1052= 5%
	101/1601 = 6.3%
	192/2192= 8.7%
	790/3290 = 24%


Table 1: Processing Savings – 500ms BSS Response Time

6. Quantification of Power Savings

To exemplify the power savings that Table 1 suggests are possible the following assumptions can be made:

· A mobile station with a 950 mAh 3.7 V battery has a total battery capacity of 3515 mWh. 
· Attempting to recover an Immediate Assignment message from a radio block received on the AGCH consumes 5.2 mWs.

· Each instance of attempting to match the contents of a recovered Immediate Assignment message to a previously transmitted Channel Request consumes .052 mWs.

· 60% of the radio blocks received during any of the time intervals indicated in Figure 1 above contain an Immediate Assignment message.

· An uplink TBF establishment scenario is assumed whereby a new access is attempted every 10 seconds for a given time period T (e.g. for T = 114 hours the total access attempts = (114*60*60)/10 = 41040. 
Using these assumptions, different worst case BSS response times are considered along with the time interval (TI) in which case an MS detects a matching assignment message on the AGCH. The corresponding power savings that can be realized using an Optimized Matching Procedure (OMP) for these scenarios are as shown in Tables 2, 3 and 4 and a summary of OMP based savings is as shown in Table 5. 

Case 1 – 500ms worst case BSS response time
	
	TI 1
	TI 2
	TI 3
	TI 4
	TI 5

	Number of non-BCCH radio blocks 
	(549/235)*10*.9 = 21
	(503/235)*10*.9 = 19
	(549/235)*10*.9 = 21
	(591/235)*10*.9 = 23
	(1098/235)*10*.9 = 42

	Number of non-BCCH radio blocks read
	OMP: (500/549)*21 = 19
LMP: 21
	OMP: 19
LMP: 19
	OMP: 19
LMP: 21
	OMP: 19
LMP: 23
	OMP: 19
LMP: 42

	Number of AGCH matching attempts
	OMP:   19*.6 = 11.4
LMP: 21*.6*1= 12.6
	OMP:   19*.6 = 11.4
LMP: 19*.6*2= 22.8
	OMP:   19*.6 = 11.4
LMP: 21*.6*3= 37.8
	OMP:   19*.6 = 11.4
LMP: 23*.6*3= 41.4 
	OMP:  19*.6 = 11.4
LMP: 42*.6*3= 75.6

	Power Consumption
	OMP: 19*5.2 + 11.4*.052 =   99.4 mWs
LMP:  21*5.2 + 12.6*.052 = 109.8  mWs
	OMP:     99.4 mWs
LMP:  19*5.2 + 22.8*.052 = 100.0 mWs
	OMP:     99.4 mWs
LMP:  21*5.2 + 37.8*.052 =  111.2 mWs
	OMP:     99.4 mWs
LMP: 
23*5.2 + 41.4*.052 = 121.7 mWs
	OMP:    99.4 mWs
LMP: 42*5.2 + 75.6*.052 =  222.3 mWs

	OMP Power Savings
	9.5%
	0.6%
	10.6%
	18.3%
	55.3%


Table 2: Power Savings – 500ms BSS Response Time

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 500ms of time interval 1, no power savings would be realized by an MS using the Optimized Matching Procedure (OMP). 
· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 500ms of time interval 2, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 99.4) + (99.4 – 99.4)] = 41040*[10.4 + 0] = 426816 mWs ≈ 118.6 mWh which constitutes about 3.4 % of the entire battery capacity.

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 500ms of time interval 3, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 99.4) + (100.0 -99.4) + (99.4 – 99.4)] = 41040*[10.4 + .6 + 0] = 451440 mWs ≈ 125.4 mWh which constitutes about 3.6 % of the entire battery capacity.

Case 2 – 300ms worst case BSS response time
	
	TI 1
	TI 2
	TI 3
	TI 4
	TI 5

	Number of non-BCCH radio blocks 
	(549/235)*10*.9 = 21
	(503/235)*10*.9 = 19
	(549/235)*10*.9 = 21
	(591/235)*10*.9 = 23
	(1098/235)*10*.9 = 42

	Number of non-BCCH radio blocks read
	OMP: 12

LMP: 21
	OMP: 12

LMP: 19
	OMP: 12

LMP: 21
	OMP: 12

LMP: 23
	OMP: 12

LMP: 42

	Number of AGCH matching attempts
	OMP:   12*.6 = 7.2

LMP: 21*.6*1= 12.6
	OMP:   12*.6 = 7.2

LMP: 19*.6*2= 22.8
	OMP:   12*.6 = 7.2

LMP: 21*.6*3= 37.8
	OMP:   12*.6 = 7.2

LMP: 23*.6*3= 41.4 
	OMP:  12*.6 = 7.2

LMP: 42*.6*3= 75.6

	Power Consumption
	OMP: 12*5.2 + 7.2*.052 =   62.8 mWs

LMP:  21*5.2 + 12.6*.052 = 109.8  mWs
	OMP:     62.8 mWs

LMP:  19*5.2 + 22.8*.052 = 100.0 mWs
	OMP:     62.8 mWs

LMP:  21*5.2 + 37.8*.052 =  111.2 mWs
	OMP:     62.8 mWs

LMP: 

23*5.2 + 41.4*.052 = 121.7 mWs
	OMP:    62.8 mWs

LMP: 42*5.2 + 75.6*.052 =  222.3 mWs

	OMP Power Savings
	42.8%
	37.2%
	43.5%
	48.4%
	71.7%


Table 3: Power Savings – 300ms BSS Response Time

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 300ms of time interval 1, no power savings would be realized by an MS using the Optimized Matching Procedure (OMP). 

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 300ms of time interval 2, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 62.8) + (62.8 – 62.8)] = 41040*[47.0 + 0] = 1928880 mWs ≈ 535.8 mWh which constitutes about 15.2 % of the entire battery capacity.

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 300ms of time interval 3, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 62.8) + (100.0 -62.8) + (62.8 – 62.8)] = 41040*[47.0 + 37.2 + 0] = 3455568 mWs ≈ 959.9 mWh which constitutes about 27.3 % of the entire battery capacity.

Case 3 – 200ms worst case BSS response time
	
	TI 1
	TI 2
	TI 3
	TI 4
	TI 5

	Number of non-BCCH radio blocks 
	(549/235)*10*.9 = 21
	(503/235)*10*.9 = 19
	(549/235)*10*.9 = 21
	(591/235)*10*.9 = 23
	(1098/235)*10*.9 = 42

	Number of non-BCCH radio blocks read
	OMP: 8
LMP: 21
	OMP: 8
LMP: 19
	OMP: 8
LMP: 21
	OMP: 8
LMP: 23
	OMP: 8
LMP: 42

	Number of AGCH matching attempts
	OMP:     8*.6 = 4.8
LMP: 21*.6*1= 12.6
	OMP:     8*.6 = 4.8
LMP: 19*.6*2= 22.8
	OMP:     8*.6 = 4.8
LMP: 21*.6*3= 37.8
	OMP:     8*.6 = 4.8
LMP: 23*.6*3= 41.4 
	OMP:    8*.6 = 4.8
LMP: 42*.6*3= 75.6

	Power Consumption
	OMP:   8*5.2 + 4.8*.052 =   41.9 mWs

LMP:  21*5.2 + 12.6*.052 = 109.8  mWs
	OMP:     41.9 mWs

LMP:  19*5.2 + 22.8*.052 = 100.0 mWs
	OMP:     41.9 mWs

LMP:  21*5.2 + 37.8*.052 =  111.2 mWs
	OMP:     41.9 mWs

LMP: 

23*5.2 + 41.4*.052 = 121.7 mWs
	OMP:    41.9 mWs

LMP: 42*5.2 + 75.6*.052 =  222.3 mWs

	OMP Power Savings
	61.8%
	58.1%
	62.3%
	65.6%
	81.1%


Table 4: Power Savings – 200ms BSS Response Time

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 200ms of time interval 1, no power savings would be realized by an MS using the Optimized Matching Procedure (OMP). 

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 200ms of time interval 2, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 41.9) + (41.9 – 41.9)] = 41040*[67.9 + 0] = 2786616 mWs ≈ 774.1 mWh which constitutes about 22.0 % of the entire battery capacity.

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 200ms of time interval 3, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 41.9) + (100.0 -41.9) + (41.9 – 41.9)] = 41040*[67.9 + 58.1 + 0] = 5171040 mWs ≈ 1436 mWh which constitutes about 40.9 % of the entire battery capacity.
	Worst case BSS Response Time
	 Match in   TI 1
	Match in   TI 2
	Match in   TI 3
	Match in   TI 4
	Match in   TI 5

	500 ms
	0%
	3.4%
	3.6%
	7.4%
	14.6%

	400 ms 
	0%
	10.1%
	17.1%
	27.7%
	41.7%

	300 ms
	0% 
	15.2%
	27.3%
	43%
	62.1%

	200 ms
	0%
	22%
	40.9%
	63.3%
	89.2%


Table 5: Summary of OMP Power Savings over 41040 Access Attempts
7. Power savings using min and max BSS response times
One alternative to the above approach is proposed wherein the BSS broadcasts the minimum and maximum response time in some System Information message (for example using SI13). These parameters could be used by power sensitive devices and potentially be based on the load conditions in the BSS.
· With this information a UE would perform CCCH monitoring only within the bounds of the indicated minimum and maximum BSS response times thereby allowing for even greater MS power savings for each access attempt.

· Field statistics show that MS detection of a matching AGCH message very commonly occurs 200ms or more after completing the transmission of an access request and starting to monitor the AGCH.
Tables 6 and 7 provide an indication of the power savings realized for an optimized matching procedure (OMP) where two different examples of a minimum BSS response is taken into account (i.e. in addition to a maximum BSS response time) and is based on the assumptions below.
· Table 6/7 addresses the case of a minimum BSS response time = 80/150ms and a maximum BSS response time = 200/350ms.

· A mobile station with a 950 mAh 3.7 V battery has a total battery capacity of 3515 mWh. 

· Attempting to recover an Immediate Assignment message from a radio block received on the AGCH consumes 5.2 mWs.

· Each instance of attempting to match the contents of a recovered Immediate Assignment message to a previously transmitted Channel Request consumes .052 mWs.

· 60% of the radio blocks received in any time intervals (for example TI1 or TI2) indicated contain an Immediate Assignment message

· An uplink TBF establishment scenario is assumed whereby a new access is attempted every 10 seconds for a given time period T (e.g. for T = 114 hours the total access attempts = (114*60*60)/10 = 41040. 

	
	First 80ms of T1
	TI 1
	TI 2
	TI 3
	TI 4
	TI 5

	Number of non-BCCH radio blocks 
	(80/235)*10*.9 = 3
	(549/235)* 10*.9 = 21
	(503/235)* 10*.9 = 19
	(549/235)* 10*.9 = 21
	(591/235)* 10*.9 = 23
	(1098/235)*10*.9 = 42

	Number of non-BCCH radio blocks read
	LMP: 3 
	OMP: (120/549) *21=4.6

LMP: 21
	OMP: 4.6

LMP: 19
	OMP: 4.6

LMP: 21
	OMP: 4.6

LMP: 23
	OMP: 4.6

LMP: 42

	Number of AGCH matching attempts
	LMP: 3*.6*1 = 1.8 

	OMP:     4.6*.6= 2.76
LMP: 21*.6*1= 12.6
	OMP: 4.6*.6= 2.76    

LMP: 19*.6*2= 22.8
	OMP:  4.6*.6= 2.76   

LMP: 21*.6*3= 37.8
	OMP:  4.6*.6= 2.76   

LMP: 23*.6*3= 41.4 
	OMP:  4.6*.6= 2.76  

LMP: 42*.6*3= 75.6

	Power Consumption
	LMP: 3*5.2 + 1.8*.052 = 15.7mWs 
	OMP:   4.6*5.2 + 2.76*.052 =    24.1mWs

LMP:  21*5.2 + 12.6*.052 = 109.8  mWs
	OMP:     24.1 mWs

LMP:  19*5.2 + 22.8*.052 = 100.0 mWs
	OMP:     24.1mWs

LMP:  21*5.2 + 37.8*.052 =  111.2 mWs
	OMP:     24.1 mWs

LMP: 

23*5.2 + 41.4*.052 = 121.7 mWs
	OMP:     24.1 mWs

LMP: 42*5.2 + 75.6*.052 =  222.3 mWs


Table 6: Power Savings – Min Response = 80ms, Max Response = 200ms

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 200ms of time interval 1, the power savings realized using the Optimized Matching Procedure would then be 41040*[15.7] = 644328 mWs ≈ 179 mWh which constitutes about 5.1 % of the entire battery capacity.

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 200ms of time interval 2, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 24.1) + (15.7)] = 41040*[85.7 + 15.7] = 4161456 mWs ≈ 1156 mWh which constitutes about 32.9 % of the entire battery capacity.

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 200ms of time interval 3, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 24.1) + (100.0 -24.1) + (15.7)] = 41040*[85.7 + 75.9 + 15.7] = 7276392 mWs ≈ 2021 mWh which constitutes about 57.5 % of the entire battery capacity.

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 200ms of time interval 4, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 24.1) + (100.0 -24.1) + (111.2 – 24.1) + (15.7)] = 41040*[85.7 + 75.9 + 87.1 + 15.7] = 10850976 mWs ≈ 3014 mWh which constitutes about 85.7 % of the entire battery capacity.

· Assuming each access attempt results in the MS detecting a matching Immediate Assignment message within the first 200ms of time interval 5, the power savings realized using the Optimized Matching Procedure would then be 41040*[(109.8 – 24.1) + (100.0 -24.1) + (111.2 – 24.1) + (121.7 – 24.1) + (15.7)] = 41040*[85.7 + 75.9 + 87.1 + 97.6 + 15.7] =  14856480mWs ≈ 4127 mWh which constitutes about 117.4 % of the entire battery capacity.
	
	First 150ms of T1
	TI 1
	TI 2
	TI 3
	TI 4
	TI 5

	Number of non-BCCH radio blocks
	(150/235) *10*.9 = 5.74
	(549/235)* 10*.9 = 21
	(503/235)* 10*.9 = 19
	(549/235)* 10*.9 = 21
	(591/235)* 10*.9 = 23
	(1098/235) *10*.9 = 42

	Number of non-BCCH radio blocks read
	LMP: 5.74 
	OMP: (200/549) *21=7.65

LMP: 21
	OMP: 7.65

LMP: 19
	OMP: 7.65

LMP: 21
	OMP: 7.65

LMP: 23
	OMP: 7.65

LMP: 42

	Number of AGCH matching attempts
	LMP: 5.74*.6*1 = 3.44 


	OMP:     7.65*.6= 4.59

LMP: 21*.6*1= 12.6
	OMP:     7.65*.6 = 4.59

LMP: 19*.6*2= 22.8
	OMP:     7.65*.6= 4.59

LMP: 21*.6*3= 37.8
	OMP:     7.65*.6 =4.59

LMP: 23*.6*3= 41.4 
	OMP:    7.65*.6 =4.59

LMP: 42*.6*3= 75.6

	Power Consumption
	LMP: 5.74*5.2 + 3.44*.052 = 30.03 mWs 
	OMP:   7.65*5.2 + 4.59*.052 =   40.02 mWs

LMP:  21*5.2 + 12.6*.052 = 109.8  mWs
	OMP:     40.02 mWs

LMP:  19*5.2 + 22.8*.052 = 100.0 mWs
	OMP:     40.02 mWs

LMP:  21*5.2 + 37.8*.052 =  111.2 mWs
	OMP:     40.02 mWs

LMP: 

23*5.2 + 41.4*.052 = 121.7 mWs
	OMP:    40.02 mWs

LMP: 42*5.2 + 75.6*.052 =  222.3 mWs


Table 7: Power Savings – Min Response = 150ms, Max Response = 350ms

	BSS Response Time
	 Match in   TI 1
	Match in   TI 2
	Match in   TI 3
	Match in   TI 4
	Match in   TI 5

	200 ms max (no min response)
	0%
	22%
	40.9%
	63.3%
	89.2%

	200 ms max (min response of 80ms)
	5.1%
	32.9%
	57.5%
	85.7%
	117.4%

	350 ms max (min response of 150ms)
	9.7%
	32.4%
	55.5%
	81.9%
	141.1%


Table 8: Summary of OMP Power Savings over 41040 Access Attempts (with and without min response time)

8. Power Savings for Small Data Transmissions 

Considering the OMP versus LMP power savings indicated by Table 5 the next step is to consider the case of a small data transmission (SDT) to see if the OMP power savings represents a significant portion of the total power consumed during an SDT. The specific example of a SDT considered is where a mobile station sends 660 octets of payload using 30 RLC data blocks coded using CS-1:

· A 200ms worst case BSS response time is assumed where an MS detects a matching response 100ms after transmitting an access request on the RACH. 

· The total number of non-BCCH blocks read (approximately) in the time interval containing the matching response = (100/235) *9 = 3.83 where the number of AGCH matching attempts is therefore 3.83*0.6 = 2.3 (i.e. 60% of the non-BCCH radio blocks contain an Immediate Assignment message).
· The total power consumed in sending one access request and detecting a matching response 100ms later = 3.83*5.2 + 2.3*0.052 ~ 20 mWs.

· The total power consumed in an MS sending 30 CS-1 coded RLC data blocks =  471.38 mWs (includes power consumed monitoring DL PACCH and reading USF while sending the 30 RLC data blocks on the UL TBF). 
· It is assumed that sending the same amount of user plane payload using fewer radio blocks (e.g. using MCS-7) will scale down the power consumption in a linear manner.

If the MS detects a matching response within Time Interval 1 (see section 3 above) then there is no difference between OMP and LMP regarding the power consumed for the entire SDT (i.e. access request + access response + payload transmission). However, if the MS detects a matching response 100ms into Time Interval 2 then we get the following:
· The total power consumed using LMP = 109.8 (from TI1) + 20.0 (from TI2) + 471.38 (transmission of 30 radio blocks) = 601.18mWs whereas the total power consumed using OMP = 41.9 + 20.0 + 471.38 = 533.28mWs. This translates into a 11.29% power savings per SDT using OMP.
· If the transmission of the 660 octet SDT user plane payload was instead made using MCS-7 (2*56 = 112 octets) then about 6 radio blocks would be transmitted ( 471.38mWs/5 = 94.28mWs. The total power consumed using LMP = 109.8 + 20.0 + 94.28= 224.08mWs whereas the total power consumed using OMP = 41.9 + 20.0 + 94.28= 156.18mWs. This translates into a 30.3% power savings per SDT using OMP.

· The key observation to make is that the power saved using OMP is significant compared to the total amount of power consumed during the transmission of the user plane payload and therefore OMP provides a meaningful power savings.
	Channel Coding
	 Match in  TI 1
	Match in   TI 2
	Match in   TI 3
	Match in   TI 4
	Match in   TI 5

	CS-1 (30 RLC data blocks)
	0%
	11.29%
	17.96%
	24.04%
	29.49%

	MCS-7 (6 RLC data blocks)
	0%
	30.3%
	38.87%
	44.87%
	49.39%


Table 9: OMP Power Savings per SDT (worst case BSS response time = 200ms)
9. Impact on Key Performance Metrics
As shown in a companion discussion paper (i.e. Simulations for Optimized Matching Response), an MS that enables the Optimized Matching Procedure described herein will not experience any significant impact on its access success rate when reducing its matching time interval (i.e. its lookback time) from that associated with legacy operation down to 100ms for system loads consisting of a user arrival rate ranging from 10 to 20 users per second. Similarly, an MS that enables OMP will experience the same lack of impact on its Access Success Rate when reducing its lookback time down from that associated with legacy operation to 100ms, while the Delay performance is unaffected down to 200 ms (after which it is only slightly impacted).

A primary reason for these 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).
10. Conclusion

Considering that maximum BSS response times can vary between different equipment vendors and that substantial power savings may be realized by mobile stations that take into account this maximum response time, system information should be enhanced to allow for indicating the maximum BSS response time. In addition, a MS that takes into account minimum response times associated with network operation will be able to experience substantially greater power savings.
In light of these power savings, 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 MS power savings enhancements should be supported:

· 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 minimum and maximum BSS response times to determine where to look for a matching Immediate Assignment message following the transmission of any given Channel Request.
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