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1 Introduction
This paper discusses the introduction of a Scheduling Request (SR) prohibit timer to the MAC specification as a useful improvement for LTE Release-9.

The SR periodicity can be configured to one of [5ms, 10ms, 20ms, 40ms and 80ms]. If the scheduling request period is very short, such as 5 ms, the UE will not have cancelled the pending SR before the next opportunity to transmit an SR. Each triggered SR will then lead to redundant physical transmissions of SR (i.e. sent at least twice), which unnecessary increase the load on PUCCH. An increased load on PUCCH leads to a performance degradation due to the code multiplexing of users on the PUCCH, which contributed to increasing access delays. Unnecessary SR may also be transmitted in a loaded system in case the eNB would delay the granting of UL-SCH resources to a UE.
In this contribution, we propose to introduce a scheduling request prohibit timer to avoid unnecessary transmission of SR on PUCCH.
2 Scheduling Request on PUCCH
In this section, we show that in some cases PUCCH resources may be inefficiently used. We also suggest some improvements. Finally, we make a performance comparison between different SR periodicities by simulations.

2.1 Unnecessary transmission of SR 
In TS 36.321 [1], an SR is pending from the time when it is triggered until the time when it is cancelled. When a scheduling request is pending, an SR is always physically transmitted when there are PUCCH resources available. At RAN2#67, it was agreed that the SR shall be cancelled when the MAC PDU including the BSR is assembled [2]:
-
All pending SR(s) shall be cancelled when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or when the UL grant can accommodate all pending data available for transmission.
In the example depicted in Figure 1, the SR periodicity on the PUCCH is configured to 5 ms and the SR is transmitted for the first time in subframe # 0. After the eNB has received the SR, a typical processing time of 3 ms is assumed before the UE is scheduled and the grant is transmitted. The UE has its next SR opportunity already in subframe # 5. It is very unlikely that the UE will have built the MAC PDU and cancelled the SR already in subframe # 5. Thus, SR is transmitted twice. This generates an unnecessary load on the PUCCH.
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Figure 1. Transmission of a SR two times before the SR is cancelled.
2.2 SR Prohibit Timer
To address unnecessary SR transmissions as described above, an SR prohibit timer is proposed which timer would be used to prevent the UE to transmit the SR too early after the previous SR attempt. The timer is started in the TTI when the UE transmits SR on PUCCH; the timer is stopped either when it expires or in the TTI when SR is cancelled. Figure 2 illustrates the use of the SR prohibit timer with a duration of 5 ms. 
In addition to decreased load on PUCCH, the SR prohibit timer can be used to spread the re-attempts of missed SRs in the time domain. Consider two UEs located in neighboring cells, each transmitting SR on same PUCCH resource at the same time. If both attempts fail, with current specifications both UEs retransmit their SRs at the same time leading to a similar interference situation. If both UEs have different SR prohibit timer durations, then the correlation in the interference with SR periodicity can be avoided.
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Figure 2. The SR prohibit timer prohibits the UE to transmit the SR twice. The timer is stopped when the SR is cancelled.
2.3 Alternatives to SR Prohibit Timer

There are a number of alternatives on how the SR prohibit timer could be specified:

1. The SR prohibit timer length is fixed to some common value such as 5 ms or the length of SR periodicity.

2. The SR prohibit timer length is (r + 1) * SR periodicity, where r is randomly selected by the UE ranging between [1,2,..,4].

3. The SR prohibit timer has a fixed length and it is configured by RRC. The possible value could be k * SR periodicity, where k is signaled by RRC. Having 4 different possible values of k = 1, 2, 3, 4 would give enough flexibility to the eNB to decide how it would like the UEs to behave. For example, with k=1 one SR opportunity is skipped.
Alternative 1 could be the simplest solution to avoid unnecessary SRs. Having a random component to the timer, as proposed by Alternative 2, can help reducing the interference between neighboring cells that may be due to colliding re-attempts of SRs. Finally, Alternative 3 would give more flexibility to eNB to configure different UEs with different values, and thus avoid reattempts of SRs at the same time. We prefer solution 3. 
2.4 Evaluation of web performance with different SR periodicities
In this subsection, we focus on the importance of using short SR periodicities without unnecessarily increasing the load PUCCH too much. In Figure 3 the object bit rate for TCP download in 3GPP case 1 with one DL TX antenna is shown. The file size is 100 KB. It is showed that reducing the periodicity from 10 ms to 5 ms clearly improves the performance of the service. Without the SR prohibit timer, the PUCCH load from SRs would be doubled when changing 10 ms to 5 ms. With the SR prohibit timer, the load remains roughly the same. The improved bit rate can be explained by the shorter access delays: In the TCP slow start phase, the TCP congestion window is doubled each time a TCP ACK is received in the uplink. The sooner the TCP ACKs are received, the sooner the TCP congestion window finds its maximum and the bandwidth of the link can be fully utilized. 
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Figure 3. The CDF for web download object bit rate when SR periodicity changes from 5 ms to 20 ms. Single user system, file size 100 KB.

3 Conclusion
In this contribution, we have showed that when a short SR period is configured, the SR can be retransmitted unnecessarily. To avoid unnecessary SR transmissions, we propose to introduce an SR prohibit timer to reduce the load on PUCCH. 

Proposal 1. Introduce a SR prohibit timer to prevent unnecessary SR retransmissions by the UE.
Proposal 2. The SR prohibit timer is configured by RRC signaling.  
If RAN2 agrees the proposals, Ericsson can readily prepare the necessary CRs based on the text proposals for MAC [1] and RRC [3] found in the annex.
4 References

[1]
3GPP  TS 36.321 v8.7.0
[2]
R2-095343, Improvement of SR cancellation, Ericsson. 

[3]   3GPP  TS 36.331 v9.0.0.
5 Text proposals to TS 36.321 and TS 36.331
Subclause 5.4.4 of 36.321
The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.

When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and srProhibit-Timer shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or when the UL grant can accommodate all pending data available for transmission. 
If an SR is triggered and there is no other SR pending, the UE shall set the SR_COUNTER to 0.

As long as one SR is pending, the UE shall for each TTI:

-
if no UL-SCH resources are available for a transmission in this TTI:

-
if the UE has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5.1) and cancel all pending SRs;

-
else if the UE has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a  measurement gap and if srProhibit-Timer is not running:

-
if SR_COUNTER < dsr-TransMax 
-
increment SR_COUNTER by 1;

-
instruct the physical layer to signal the SR on PUCCH;

-
start the srProhibit-Timer;

-
else:

-
notify RRC to release PUCCH/SRS;

-
clear any configured downlink assignments and uplink grants;

-
initiate a Random Access procedure (see subclause 5.1) and cancel all pending SRs.

Subclause 6.3.2 of 36.331
5.1.1.1 –
MAC-MainConfig
The IE MAC-MainConfig is used to specify the MAC main configuration for signalling and data radio bearers.

MAC-MainConfig information element
-- ASN1START

MAC-MainConfig ::=




SEQUENCE {


ul-SCH-Config





SEQUENCE {



maxHARQ-Tx






ENUMERATED {













n1, n2, n3, n4, n5, n6, n7, n8,













n10, n12, n16, n20, n24, n28,













spare2, spare1}

OPTIONAL,
-- Need ON



periodicBSR-Timer




ENUMERATED {













sf5, sf10, sf16, sf20, sf32, sf40, sf64, sf80,













sf128, sf160, sf320, sf640, sf1280, sf2560,













infinity, spare1}
OPTIONAL,
-- Need ON



retxBSR-Timer





ENUMERATED {













sf320, sf640, sf1280, sf2560, sf5120,













sf10240, spare2, spare1},



ttiBundling






BOOLEAN


}















OPTIONAL, 
-- Need ON

drx-Config






DRX-Config




OPTIONAL,
-- Need ON


timeAlignmentTimerDedicated


TimeAlignmentTimer,

srProhibit-Timer 




INTEGER (1..4)



OPTIONAL,
-- Need OR


phr-Config






CHOICE {



release







NULL,



setup







SEQUENCE {




periodicPHR-Timer




ENUMERATED {sf10, sf20, sf50, sf100, sf200,
















sf500, sf1000, infinity},




prohibitPHR-Timer




ENUMERATED {sf0, sf10, sf20, sf50, sf100,

















sf200, sf500, sf1000},




dl-PathlossChange




ENUMERATED {dB1, dB3, dB6, infinity}



}


}















OPTIONAL,
-- Need ON


...

}

DRX-Config ::=





CHOICE {


release







NULL,


setup







SEQUENCE {



onDurationTimer





ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6,













psf8, psf10, psf20, psf30, psf40,













psf50, psf60, psf80, psf100,













psf200},



drx-InactivityTimer




ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6,













psf8, psf10, psf20, psf30, psf40,













psf50, psf60, psf80, psf100,













psf200, psf300, psf500, psf750,













psf1280, psf1920, psf2560, spare10,













spare9, spare8, spare7, spare6,













spare5, spare4, spare3, spare2,













spare1},



drx-RetransmissionTimer



ENUMERATED {













psf1, psf2, psf4, psf6, psf8, psf16,













psf24, psf33},



longDRX-CycleStartOffset

CHOICE {




sf10






INTEGER(0..9),




sf20






INTEGER(0..19),




sf32






INTEGER(0..31),




sf40






INTEGER(0..39),




sf64






INTEGER(0..63),




sf80






INTEGER(0..79),




sf128






INTEGER(0..127),




sf160






INTEGER(0..159),




sf256






INTEGER(0..255),




sf320






INTEGER(0..319),




sf512






INTEGER(0..511),




sf640






INTEGER(0..639),




sf1024






INTEGER(0..1023),




sf1280






INTEGER(0..1279),




sf2048






INTEGER(0..2047),




sf2560






INTEGER(0..2559)



},



shortDRX






SEQUENCE {




shortDRX-Cycle





ENUMERATED
{














sf2, sf5, sf8, sf10, sf16, sf20,














sf32, sf40, sf64, sf80, sf128, sf160,














sf256, sf320, sf512, sf640},




drxShortCycleTimer




INTEGER (1..16)



}

OPTIONAL












-- Need OR


}

}

-- ASN1STOP

	MAC-MainConfig field descriptions

	maxHARQ-Tx

Maximum number of transmissions for UL HARQ in TS 36.321 [6].

	periodicBSR-Timer

Timer for BSR reporting in TS 36.321 [6]. Value in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on.

	retxBSR-Timer

Timer for BSR reporting in TS 36.321 [6]. Value in number of sub-frames. Value sf640 corresponds to 640 sub-frames, sf1280 corresponds to 1280 sub-frames and so on.

	ttiBundling

TRUE indicates that TTI bundling TS 36.321 [6] is enabled while FALSE indicates that TTI bundling is disabled. TTI bundling can be enabled for FDD and for TDD only for configurations 0, 1 and 6. For TDD, E-UTRAN does not simultaneously enable TTI bundling and semi-persistent scheduling in this release of specification.

	srProhibit-Timer

Timer for SR transmission on PUCCH in TS 36.321 [6]. Value in number of SR period(s). A value 1 corresponds to one SR period, value 2 to 2*SR periods and so on.

	longDRX-CycleStartOffset

longDRX-Cycle and drxStartOffset in TS 36.321 [6]. The value of longDRX-Cycle is in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. If shortDRX-Cycle is configured, the value of longDRX-Cycle shall be a multiple of the shortDRX-Cycle value. The value of drxStartOffset value is in number of sub-frames. In TDD, this can point to a DL or UL sub-frame.

	onDurationTimer

Timer for DRX in TS 36.321 [6]. Value in number of PDCCH sub-frames. Value psf1 corresponds to 1 PDCCH sub-frame, psf2 corresponds to 2 PDCCH sub-frames and so on.

	drx-InactivityTimer

Timer for DRX in TS 36.321 [6]. Value in number of PDCCH sub-frames. Value psf1 corresponds to 1 PDCCH sub-frame, psf2 corresponds to 2 PDCCH sub-frames and so on.

	drx-RetransmissionTimer

Timer for DRX in TS 36.321 [6]. Value in number of PDCCH sub-frames. Value psf1 corresponds to 1 PDCCH sub-frame, psf2 corresponds to 2 PDCCH sub-frames and so on.

	shortDRX-Cycle

Short DRX cycle in TS 36.321 [6]. Value in number of sub-frames. Value sf2 corresponds to 2 sub-frames, sf5 corresponds to 5 subframes and so on.

	drxShortCycleTimer

Timer for DRX in TS 36.321 [6]. Value in multiples of shortDRX-Cycle. A value of 1 corresponds to shortDRX-Cycle, a value of 2 corresponds to 2 * shortDRX-Cycle and so on.

	periodicPHR-Timer

Timer for PHR reporting in TS 36.321 [6]. Value in number of sub-frames. Value sf10 corresponds to 10 subframes, sf20 corresponds to 20 subframes and so on.

	prohibitPHR-Timer

Timer for PHR reporting in TS 36.321 [6]. Value in number of sub-frames. Value sf0 corresponds to 0 subframes, sf100 corresponds to 100 subframes and so on.

	dl-PathlossChange

DL Pathloss Change for PHR reporting in TS 36.321 [6]. Value in dB. Value dB1 corresponds to 1 dB, dB3 corresponds to 3 dB and so on.


Next Modified Section
5.1.2 9.2.2
Default MAC main configuration

Parameters

	Name
	Value
	Semantics description
	Ver

	MAC main configuration
	
	
	

	maxHARQ-tx
	n5
	
	

	periodicBSR-Timer
	infinity
	
	

	retxBSR-Timer
	sf2560
	
	

	ttiBundling
	FALSE
	
	

	srProhibitTimer
	release
	
	

	drx-Config
	release
	
	

	phr-Config
	release
	
	


Next Modified Section
5.2 10.5
Mandatory information in AS-Config

The AS-Config transferred between source eNB and target-eNB shall include all IEs necessary to describe the AS context. The conditional presence in section 6 is only applicable for eNB to UE communication.

The "need" or "cond" statements are not applied in case of sending the IEs from source eNB to target eNB. Some information elements shall be included regardless of the "need" or "cond" e.g. discardTimer. The AS-Config re-uses information elements primarily created to cover the radio interface signalling requirements. The information elements may include some parameters that are not relevant for the target eNB e.g. the SFN as included in the MasterInformationBlock.

Within the sourceRadioResourceConfig the source eNB shall include fields that are optional for eNB to UE communication, if the functionality is configured unless explictly specified otherwise in the following:

-
in accordance with a condition that is explictly stated to be applicable; or

-
a default value is defined for the concerned field; and the configured value is the same as the default value that is defined; or

-
the need of the field is OP and the current UE configuration corresponds with the behaviour defined for absence of the field;
	Name
	Presence in clause 6
	Comment

	RadioResourceConfigDedicated
	
	

	> srb-ToAddModList

>> rlc-Config

>> logicalChannelConfig

>>> ul-SpecificParameters

>>>> logicalChannelGroup
	OPTIONAL, -Cond HO-Conn
OPTIONAL, -Cond Setup

OPTIONAL, -Cond Setup

OPTIONAL, -Cond UL

OPTIONAL, -Need OR
	- 

- 

- 

- The conditional presence applies

-

	>drb-ToAddModList

>> eps-BearerIdentity

>> pdcp-Config

>>> discardTimer

>>> rlc-AM

>>> rlc-UM

>> rlc-Config

>> logicalChannelIdentity

>> logicalChannelConfig

>>> ul-SpecificParameters

>>>> logicalChannelGroup
	OPTIONAL, -Cond HO-toEUTRA

OPTIONAL, -Cond DRB-Setup

OPTIONAL, -Cond PDCP

OPTIONAL, -Cond Setup

OPTIONAL, -Cond Rlc-AM

OPTIONAL, -Cond Rlc-UM

OPTIONAL, -Cond Setup

OPTIONAL, -Cond DRB-Setup

OPTIONAL, -Cond Setup

OPTIONAL, -Cond UL

OPTIONAL, -Need OR
	- 

- 

- 

- 

- The conditional presence applies

- The conditional presence applies

- 

- 

- 

- The conditional presence applies

- 

	> mac-MainConfig

>> ul-SCH-Config

>>> maxHARQ-Tx

>> periodicBSR-Timer

>> drx-Config

>>> shortDRX

>> phr-Config
>> srProhibitTimer
	OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON
OPTIONAL, -Need ON
	-

-

-

-

-

-

-
-

	> sps-Config

>> sps-ConfigDL

>> sps-ConfigUL

>>> p0-Persistent

>>> twoIntervalsConfig
	OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need OP

OPTIONAL, -Cond TDD
	-

-

-

-

- The conditional presence applies

	> physicalConfigDedicated

>> pdsch-ConfigDedicated

>> pucch-ConfigDedicated

>>> tdd-AckNackFeedbackMode

>> pusch-ConfigDedicated

>> uplinkPowerControlDedicated

>> tpc-PDCCH-ConfigPUCCH

>> tpc-PDCCH-ConfigPUSCH

>> cqi-ReportConfig

>>> cqi-ReportingModeAperiodic

>>> cqi-ReportPeriodic

>> soundingRS-UL-ConfigDedicated

>> antennaInfo

>>> codebookSubsetRestriction

>> schedulingRequestConfig
>> cqi-ReportConfigExt

>>> cqi-Mask
	OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Cond TDD

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need OR

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Cond TM

OPTIONAL, -Need ON
OPTIONAL, -Need OR

OPTIONAL, -Cond cqi-reportPeriod
	-

-

-

- The conditional presence applies

-

-

-

-

-

-

-

-

-

- The conditional presence applies

-
-

- The conditional presence applies

	> rlf-TimersAndConstants
	OPTIONAL, -Need ON
	-


For the measurement configuration, a corresponding operation as 5.5.6.1 is executed by target eNB.
Within the sourceMeasConfig the source eNB shall include fields that are optional for eNB to UE communication, if the functionality is configured unless explictly specified otherwise in the following:

-
in accordance with a condition that is explictly stated to be applicable; or

-
a default value is defined for the concerned field; and the configured value is the same as the default value that is defined; or

-
the need of the field is OP and the current UE configuration corresponds with the behaviour defined for absence of the field;

	Name
	Presence in clause 6
	Comment

	MeasConfig
	
	

	> measObjectToAddModList

>> measObject

>>> measObjectEUTRA   

>>>> cellsToAddModList

>>>> blackCellsToAddModList

>>>> cellForWhichToReportCGI

>>> MeasObjectUTRA

>>>> cellsToAddModList

>>>> cellForWhichToReportCGI

>>> MeasObjectGERAN

>>>> cellForWhichToReportCGI

>>> MeasObjectCDMA2000

>>>> searchWindowSize

>>>> cellsToAddModList



>>>> cellForWhichToReportCGI
	OPTIONAL, -Need ON

-

-

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

-

OPTIONAL, -Need ON

OPTIONAL, -Need ON

-

OPTIONAL, -Need ON

-

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON
	- 

-

-

-

- 

-

-

-

-

-

-

-

-

-

-

	> reportConfigToAddModList
	OPTIONAL, -Need ON
	- 

	> measIdToAddModList
	OPTIONAL, -Need ON
	- 

	> quantityConfig

>> quantityConfigEUTRA

>> quantityConfigUTRA

>> quantityConfigGERAN

>> quantityConfigCDMA2000
	OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON

OPTIONAL, -Need ON
	- 

-

-

-

-

	> s-Measure
	OPTIONAL, -Need ON
	-

	> preRegistrationInfoHRPD

>> preRegistrationZoneId

>> secondaryPreRegistrationZoneIdList
	OPTIONAL, -Need OP

OPTIONAL, -Cond PreRegAllowed

OPTIONAL, -Need OR
	- The conditional presence applies

-

	> speedStatePars
	OPTIONAL, -Need ON
	-
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