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Managing the Response Time Window
1. Introduction

As described in [1] a MS that uses the Optimized Matching Procedure (OMP) during system access can experience significant power savings compared to a MS that uses the Legacy Matching Procedure (LMP) by taking advantage of new system information (SI) indicating response time window (RTW) parameters. The OMP RTW parameters sent in SI indicate:

· the point in time at which an MS should begin looking for a matching AGCH response (i.e. the lower edge of the RTW) after sending an access request at time t = t0  where t0 may occur at Ti, Ta, Tb, Tc or Td of Figure 1.

· the maximum amount of time an MS should continue looking for a matching AGCH response (i.e. the upper edge of the RTW).
In the interest of maximizing MS power savings a BSS can keep the RTW as small as possible while still allowing for variations in system access load that typically need not require any adjustment to the RTW parameters. However, adjustments to the RTW parameters will still be needed to reflect various operational scenarios such as when a given cell experiences sustained increases in system access traffic. As such, there is a need for some mechanism whereby a BSS can adjust the RTW parameters while allowing MS to remain fully operational prior to actually acquiring the new RTW parameters.
2. Legacy Response Time Window
The response time window (RTW) used by legacy MS is managed as follows:
· A MS starts looking for a matching AGCH response as soon as it completes the transmission of an access request on the RACH.

· The number of slots belonging to the mobile station's RACH between two successive access request messages is a value drawn randomly for each new access request transmission with uniform probability distribution in the set{S, S + 1, ..., S + T ‑ 1}. Note that the “number of slots” effectively means “number of TDMA frames” since even for a multiple CCCH configuration a mobile station will only have access to 1 RACH slot per TDMA frame.
· When considering the parameter values provided in Table 5 of TR 43.868 (GERAN Improvements for Machine-type Communications) we have TX-integer (T) = 20 and S = 109. These values result in the response windows shown in Figure 1 below (e.g. the first response window is started at t = Ti and ends at t = Ta, the second response window is started at t = Ta and ends at t = Tb and so on).

· These S and T values allow the minimum RACH spacing between two consecutive access requests to be 109 time slots = 502ms. However, since a legacy MS will look for a response matching any of its last 3 transmitted access request messages this translates into an effective response window of about 1.5 sec when looking for responses other than access request M+1.
· T3146 (defined in TS 44.018) determines the response window for the case where the MS sends access request M+1 and is set to (T+2S) TDMA frames (1 TDMA frame = 4.61ms) up to a maximum of 5 seconds. As such, using the parameters from Table 5 of TR 43.868, this translates into an effective response window of about 2 seconds when looking for a response to access request M-1, M and M+1.


[image: image1]
Figure 1 – Legacy Response Windows
Ti = time at which the initial access request is transmitted

Ta = time at which the 2nd access request is transmitted

Tb = time at which the 3rd access request is transmitted

Tc = time at which the 4th access request is transmitted

Td = time at which the 5th (and final) access request is transmitted
3. Managing the Response Time Window

The RTW used by an OMP capable MS will always be a subset of the time interval a legacy mobile station uses when searching for a response to an access request (i.e. the time interval spanned by TLE and TUE in Figure 2). The RTW used in conjunction with the OMP feature is managed as follows:
· An OMP capable BSS will include an OMP Status bit in all RR messages sent on the AGCH/PCH (i.e. using the same messages as where the Implicit Reject bits are sent) and thereby indicate whether the OMP RTW (OMP Status bit ‘enabled’) or the legacy RTW (OMP STatus bit ‘disabled’) is to be used during system access.

· As such, prior to sending any of the up to M+1 access requests for a given access attempt, an OMP capable MS will read the OMP Status bit to determine which RTW to use when searching for a matching response message.
· The OMP RTW parameters are included in the SI23 message and any changes to the OMP RTW parameters will result in the SI_CHANGE_FIELD of the SI 13 Rest Octets IE indicating a change to the SI23 message specifically due to a change in the OMP RTW parameters. This allows mobile stations supporting network sharing but not the OMP feature (and vice versa) to avoid reading SI23 information unnecessarily.

· An OMP capable BSS may at any time set the OMP Status bit to ‘disabled’ for an implementation specific period of time during which it will force all OMP capable MS to use the legacy RTW. While doing so the BSS may decide to (a) keep the OMP RTW parameters sent in SI23 unchanged (e.g. a transient condition triggered the OMP feature to be disabled) or to (b) modify the OMP RTW parameters sent in SI (e.g. a sustained condition triggered the OMP feature to be disabled) in which case the BSS shall use the SI_CHANGE_FIELD to signal a change in OMP RTW parameters.

· An OMP capable BSS may also use the SI_CHANGE_FIELD to indicate a change in OMP RTW parameters without simultaneously setting the OMP Status bit to ‘disabled for the case where the OMP RTW parameters are adjusted to indicate a RTW that is a subset of the previous RTW (i.e. a later lower edge or an earlier upper edge). However, for the case where the OMP RTW parameters are adjusted to indicate a RTW that is larger than the previous RTW (i.e. an earlier lower edge and/or a later upper edge) the period of time for which the BSS keeps the OMP Status bit set to ‘disabled’ is implementation specific but should at least be equal to the nominal SI refresh interval of 30 seconds. 

· This approach to OMP RTW management gives the BSS a real time control over whether the legacy RTW or the OMP RTW is to be used by OMP capable mobile stations for both (a) transient conditions that require no change to the OMP RW parameters and (b) sustained  conditions that require mobile stations to re-read the OMP RTW parameters.  
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Figure 2 – OMP Response Time Window
TLE = the lower edge of the response time window

TUE = the upper edge of the response time window
4. Power Savings for Small Data Transmissions 

The case of a small data transmission (SDT) is considered 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 as follows:

· A mobile station has 660 octets of payload to transmit which, assuming CS-1 coding is used, will require the transmission of 30 RLC data blocks.
· RTW information sent using SI indicates lower edge of 75ms and an upper edge of 200ms where an MS detects a matching response 100ms after transmitting an access request on the RACH (see Annex A for detailed calculations). 

· 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 will scale down the power consumption in a linear manner. For example, using MCS-7 will require 6 RLC data blocks and therefore 80% less power will be consumed (.2*471.38 = 94.28mWs).
· The power consumed by a mobile station when sending a single 11 bit RACH burst is about .12 mWs and is therefore negligible compared to the actual power consumed when sending the RLC data blocks containing the SDT payload.

Tables 1 and 2 provide power savings information for the case where the Response Time Window is 125ms and 250ms respectively for an MS using CS-1 coding or MCS-7 coding. The key observation to make from Tables 1 and 2 is that the power saved for a SDT performed using OMP is significant compared to the total amount of power consumed during a SDT performed using LMP and therefore OMP can be said to provide 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)
	3.0%
	16.6%
	24.9%
	32.1%
	38.2%

	MCS-7 (6 RLC data blocks)
	13.0%
	44.0%
	53.8%
	59.9%
	64.1%


Table 1: SDT Power Savings using OMP (lower edge = 75ms, upper edge = 200ms)
	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)
	2.0%
	11.6%
	17.1%
	22.3%
	27.0%

	MCS-7 (6 RLC data blocks)
	8.8%
	31.1%
	36.9%
	41.6%
	45.3%


Table 2: SDT Power Savings using OMP (lower edge = 50ms, upper edge = 300ms)
5. Specification Impacts 

Impact on SI13
The SI_CHANGE_FIELD of the SI 13 Rest Octets IE is modified so that the code point value 10 (previously unused) now indicates a change of SI23 due to modification of the OMP RTW parameters sent therein.
Impact on SI23 

The SI23 Rest Octets IE is modified to include OMP RTW parameters. In the absence of this information in SI23 an OMP capable MS shall assume that OMP is disabled and shall therefore perform system access using LMP. OMP RTW parameters consist of a RTW_Low field and a RTW_High field added to the SI 23 Rest Octets IE follows:
< SI 23 Rest Octets > ::=

< SI 23_3G_BA_IND : bit (1) >

< SI 23_CHANGE_MARK : bit (2) >


< SI 23_INDEX : bit (3) >


< SI 23_COUNT : bit (3) >
{ 0 | 1
< IRAT Cell Reselection Information : 

< IRAT Cell Reselection Information struct >> }

{
null | L
-- Receiver backward compatible with earlier version


| H
-- Additions in Rel-12



< RTW_Low : bit (2) >




< RTW_High : bit (2) >


}
-- End of additions for Rel-12

< spare padding > ;
· RTW_Low:
00 = lower edge of RTW is 50ms




01 = lower edge of RTW is 75ms




10 = lower edge of RTW is 100ms

11 = lower edge of RTW is 150ms

· RTW_High:
00 = upper edge of RTW = RTW_Low + 50ms



01 = upper edge of RTW = RTW_Low + 100ms



10 = upper edge of RTW = RTW_Low + 200ms

11 = upper edge of RTW = RTW_Low + 400ms

Impact on Downlink RR Messages 

The network includes an OMP Status bit within an IMMEDIATE ASSIGNMENT message using the IA Rest Octets IE (see sub-clause 10.5.2.16) or within an IMMEDIATE ASSIGNMENT REJECT or an IMMEDIATE ASSIGNMENT EXTENDED or an IMMEDIATE PACKET ASSIGNMENT message using the Feature Indicator IE (see sub-clause 10.5.2.76) or within a PAGING REQUEST TYPE 1 message using the P1 Rest Octets IE (see sub-clause 10.5.2.23) or within a PAGING REQUEST TYPE 2 message using the P2 Rest Octets IE (see sub-clause 10.5.2.24) or within a PAGING REQUEST TYPE 3 message using the P3 Rest Octets IE (see sub-clause 10.5.2.25). 

Impact on System Access Procedures
The ‘RR connection establishment initiated by the mobile station’ procedure (see sub-clause 3.3.1) and the ‘Packet access procedure using CCCH’ procedure (see sub-clause 3.5.2) shall both be updated to describe how an OMP capable MS reads the OMP Status bit in downlink RR messages before transmitting an access request message during any given access attempt. The mobile station uses this information to determine whether to use the OMP RTW or the legacy RTW when searching for a response to its last transmitted access request.
6. Conclusion

Considering the substantial power savings that may be realized using OMP based system access procedures (see [1] and Tables 1 and 2 above), it is proposed that 44.018 be enhanced to support the OMP feature by making the modifications described in section 5 above.

[1] GP-130489 – Energy Efficient AGCH Monitoring - Telefon AB LM Ericsson, ST-Ericsson SA

Annex A – Detailed Power Consumption Calculations
RTW = 125ms (Lower Edge = 75ms, Upper Edge = 200ms):

When a matching response is detected it is assumed to be received 100ms after the most recently transmitted access request on the RACH. 

For an OMP capable MS the total number of non-BCCH blocks read (approximately) in the time interval containing the matching response = (25/235) * 9 = .96 where the number of AGCH matching attempts is therefore .96*0.6 = .57 (i.e. 60% of the non-BCCH radio blocks contain an Immediate Assignment message). 

· The total power consumed by a MS after sending one access request (a RACH burst) and detecting a matching response 100ms later (i.e. in the first 25ms of the 125ms RTW) = .96*5.2 + .57*0.052 = 5.02mWs. 

· The total power consumed by a MS that monitors an entire 125ms RTW (within TI1, TI2, TI3, TI4 or TI5) without finding a matching response is 4.78*5.2 + 2.87*.052 = 25.06mWs.
For a LMP capable MS 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 by a MS after sending one access request (a RACH burst) and detecting a matching response 100ms later = 3.83*5.2 + 2.3*0.052 = 20.04mWs. 

· The total power consumed by a MS that monitors an entire Time Interval is 109.8mWs for TI1, 100.0mWs for TI2, 111.2 for TI3, 121.7 mWs for TI4 and 222.3mWs for TI5 according to the example considered (see section 2).
CS-1 Coded RLC Data Blocks:

· For a match in Time interval 1 (TI1), the total power consumed using LMP = 20.04 (first 100ms of TI1) + 471.38 (transmission of 30 radio blocks) = 491.42 mWs whereas the total power consumed using OMP = 5.02 (the last 25ms of the first 100ms of TI1) + 471.38 = 476.61mWs. This translates into a 3% power savings per SDT using OMP.

· For a match in Time Interval 2 (TI2), the total power consumed using LMP = 109.8 (all of TI1) + 20.04 (first 100ms of TI2) + 471.38 (transmission of 30 radio blocks) = 601.22mWs whereas the total power consumed using OMP = 25.06 (125ms of TI1) + 5.02 (the last 25ms of the first 100ms of TI2) + 471.38 = 501.67mWs. This translates into a 16.6% power savings per SDT using OMP.
· For a match in Time Interval 3 (TI3), the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 20.04 (first 100ms of TI3) + 471.38 (transmission of 30 radio blocks) = 701.22mWs whereas the total power consumed using OMP = 25.06 (125ms of TI1) + 25.06 (125ms of TI2) + 5.02 (the last 25ms of the first 100ms of TI3) + 471.38 = 526.73mWs. This translates into a 24.9% power savings per SDT using OMP.
· For a match in Time Interval 4 (TI4), the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 111.2 (all of TI3) + 20.04 (first 100ms of TI4) + 471.38 (transmission of 30 radio blocks) = 812.42mWs whereas the total power consumed using OMP = 25.06 (125ms of TI1) + 25.06 (125ms of TI2) + 25.06 (125ms of TI3) + 5.02 (the last 25ms of the first 100ms of TI4) + 471.38 = 551.79mWs. This translates into a 32.1% power savings per SDT using OMP.
· For a match in Time Interval 5 (TI5), the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 111.2 (all of TI3) + 121.7 (all of TI4) + 20.04 (first 100ms of TI5) + 471.38 (transmission of 30 radio blocks) = 934.12mWs whereas the total power consumed using OMP = 25.06 (125ms of TI1) + 25.06 (125ms of TI2) + 25.06 (125ms of TI3) + 25.06 (125ms of TI4) + 5.02 (the last 25ms of the first 100ms of TI5) + 471.38 = 576.85mWs. This translates into a 38.2% power savings per SDT using OMP.
MCS-7 Coded RLC Data Blocks:

· For a match in TI1 the total power consumed using LMP = 20.04 (first 100ms of TI1) + 94.28 = 114.32mWs whereas the total power consumed using OMP = 5.02 (the last 25ms of the first 100ms of TI1) + 94.28 = 99.51mWs. This translates into a 13.0% power savings per SDT using OMP. 
· For a match in TI2 the total power consumed using LMP = 109.8 (all of TI1) + 20.04 (first 100ms of TI2) + 94.28 = 224.12mWs whereas the total power consumed using OMP = 25.06 (125ms of TI1) + 5.02 (the last 25ms of the first 100ms of TI2) + 94.28 = 124.57mWs. This translates into a 44.4% power savings per SDT using OMP.

· For a match in TI3 the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 20.04 (first 100ms of TI3) + 94.28 = 324.12mWs whereas the total power consumed using OMP = 25.06 (125ms of TI1) + 25.06 (125ms of TI2) + 5.02 (the last 25ms of the first 100ms of TI3) + 94.28 = 149.63mWs. This translates into a 53.8% power savings per SDT using OMP.
· For a match in TI4 the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 111.2 (all of TI3) + 20.04 (first 100ms of TI4) + 94.28 = 435.32mWs whereas the total power consumed using OMP = 25.06 (125ms of TI1) + 25.06 (125ms of TI2) + 25.06 (125ms of TI3) + 5.02 (the last 25ms of the first 100ms of TI4) + 94.28 = 174.69mWs. This translates into a 59.9% power savings per SDT using OMP.
· For a match in TI5 the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 111.2 (all of TI3) + 121.7 (all of TI4) + 20.04 (first 100ms of TI5) + 94.28 = 557.02mWs whereas the total power consumed using OMP = 25.06 (125ms of TI1) + 25.06 (125ms of TI2) + 25.06 (125ms of TI3) + 25.06 (125ms of TI4) + 5.02 (the last 25ms of the first 100ms of TI5) + 94.28 = 199.75mWs. This translates into a 64.1% power savings per SDT using OMP.
RTW = 250ms (Lower Edge = 50ms, Upper Edge = 300ms):

When a matching response is detected it is assumed to be received 100ms after the most recently transmitted access request on the RACH. 

For an OMP capable MS the total number of non-BCCH blocks read (approximately) in the time interval containing the matching response = (50/235) * 9 = 1.91 where the number of AGCH matching attempts is therefore 1.91*0.6 = 1.15 (i.e. 60% of the non-BCCH radio blocks contain an Immediate Assignment message). 

· The total power consumed by a MS after sending one access request (a RACH burst) and detecting a matching response 100ms later (i.e. in the first 50ms of the 250ms RTW) = 1.91*5.2 + 1.15*0.052 = 10.0mWs. 

· The total power consumed by a MS that monitors the entire 250ms RTW (within TI1, TI2, TI3, TI4 or TI5) without finding a matching response is 9.57*5.2 + 5.74*.052 = 50.06mWs.

For a LMP capable MS 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 by a MS after sending one access request (a RACH burst) and detecting a matching response 100ms later = 3.83*5.2 + 2.3*0.052 = 20.04mWs. 

· The total power consumed by a MS that monitors an entire Time Interval is 109.8mWs for TI1, 100.0mWs for TI2, 111.2 for TI3, 121.7 mWs for TI4 and 222.3mWs for TI5 according to the example considered (see section 2).
CS-1 Coded RLC Data Blocks:

· For a match in Time interval 1 (TI1), the total power consumed using LMP = 20.04 (first 100ms of TI1) + 471.38 (transmission of 30 radio blocks) = 491.42 mWs whereas the total power consumed using OMP = 10.0 (the last 50ms of the first 100ms of TI1) + 471.38 = 481.38mWs. This translates into a 2% power savings per SDT using OMP.

· For a match in Time Interval 2 (TI2), the total power consumed using LMP = 109.8 (all of TI1) + 20.04 (first 100ms of TI2) + 471.38 (transmission of 30 radio blocks) = 601.22mWs whereas the total power consumed using OMP = 50.06 (250ms of TI1) + 10.0 (the last 50ms of the first 100ms of TI2) + 471.38 = 531.44mWs. This translates into a 11.6% power savings per SDT using OMP.
· For a match in Time Interval 3 (TI3), the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 20.04 (first 100ms of TI3) + 471.38 (transmission of 30 radio blocks) = 701.22mWs whereas the total power consumed using OMP = 50.06 (250ms of TI1) + 50.06 (250ms of TI2) + 10.0 (the last 50ms of the first 100ms of TI3) + 471.38 = 581.5mWs. This translates into a 17.1% power savings per SDT using OMP.
· For a match in Time Interval 4 (TI4), the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 111.2 (all of TI3) + 20.04 (first 100ms of TI4) + 471.38 (transmission of 30 radio blocks) = 812.42mWs whereas the total power consumed using OMP = 50.06 (250ms of TI1) + 50.06 (250ms of TI2) + 50.06 (250ms of TI3) + 10.0 (the last 50ms of the first 100ms of TI4) + 471.38 = 631.56mWs. This translates into a 22.3% power savings per SDT using OMP.
· For a match in Time Interval 5 (TI5), the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 111.2 (all of TI3) + 121.7 (all of TI4) + 20.04 (first 100ms of TI5) + 471.38 (transmission of 30 radio blocks) = 934.12mWs whereas the total power consumed using OMP = 50.06 (250ms of TI1) + 50.06 (250ms of TI2) + 50.06 (250ms of TI3) + 50.06 (250ms of TI4) + 10.0 (the last 50ms of the first 100ms of TI5) + 471.38 = 681.62mWs. This translates into a 27.0% power savings per SDT using OMP.
MCS-7 Coded RLC Data Blocks:

· For a match in TI1 the total power consumed using LMP = 20.04 (first 100ms of TI1) + 94.28 = 114.32mWs whereas the total power consumed using OMP = 10.0 (the last 50ms of the first 100ms of TI1) + 94.28 = 104.28mWs. This translates into a 8.8% power savings per SDT using OMP. 
· For a match in TI2 the total power consumed using LMP = 109.8 (all of TI1) + 20.04 (first 100ms of TI2) + 94.28 = 224.12mWs whereas the total power consumed using OMP = 50.06 (250ms of TI1) + 10.0 (the last 50ms of the first 100ms of TI2) + 94.28 = 154.34mWs. This translates into a 31.1% power savings per SDT using OMP.

· For a match in TI3 the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 20.04 (first 100ms of TI3) + 94.28 = 324.12mWs whereas the total power consumed using OMP = 50.06 (250ms of TI1) + 50.06 (250ms of TI2) + 10.0 (the last 50ms of the first 100ms of TI3) + 94.28 = 204.40mWs. This translates into a 36.9% power savings per SDT using OMP.
· For a match in TI4 the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 111.2 (all of TI3) + 20.04 (first 100ms of TI4) + 94.28 = 435.32mWs whereas the total power consumed using OMP = 50.06 (250ms of TI1) + 50.06 (250ms of TI2) + 50.06 (250ms of TI3) + 10.0 (the last 50ms of the first 100ms of TI4) + 94.28 = 254.46mWs. This translates into a 41.6% power savings per SDT using OMP.
· For a match in TI5 the total power consumed using LMP = 109.8 (all of TI1) + 100.0 (all of TI2) + 111.2 (all of TI3) + 121.7 (all of TI4) + 20.04 (first 100ms of TI5) + 94.28 = 557.02mWs whereas the total power consumed using OMP = 50.06 (250ms of TI1) + 50.06 (250ms of TI2) + 50.06 (250ms of TI3) + 50.06 (250ms of TI4) + 10.0 (the last 50ms of the first 100ms of TI5) + 94.28 = 304.52mWs. This translates into a 45.3% power savings per SDT using OMP.
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