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1. Introduction

This document discusses call setup delay reduction by including information from SIB7 into the PAGING TYPE 1 message.

2. Discussion

2.1 Background

In [1], an analysis of call setup delay to Cell_DCH and Cell_FACH was presented. This analysis was also captured and introduced in [TR25.815, v0.3.0]. This analysis shows that UE SIB7 reading prior to triggering the RRC connection establishment procedure contributes considerably to the total setup delay. For Cell_DCH case, the SIB7 reading part was estimated to be 70ms of 610 ms (11%), and for Cell_FACH case 70ms of 270 ms (26%). Clearly, the delay caused by SIB7 reading is directly dependent on the SIB7 scheduling on the BCH. The repetition rate of SIB7 can be configured to any value between 80 and 1280 ms, but the repetition is a trade off between the capacity consumed on the BCH and the delay for the RACH, so in practice there is not total freedom for the NW when setting this value. In the “Default Master Information Block and Scheduling Block messages” in [34.108], SIB7 repetition rates of 160ms and 320 ms are used for UE conformance testing purposes. 

Although the analysis in [1] was considering the RRC Connection Setup procedure, we believe that the delay estimations are valid also for the case of the RRC connected mode state transitions Cell_PCH/URA_PCH to Cell_DCH and Cell_PCH/URA_PCH to Cell FACH using the Cell Update procedure. The signalling and the processing in UE and UTRAN are very similar. 
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Figure 1. RRC connection establishment procedure
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Figure 2. Cell Update procedure

The analysis in [1] was performed for UE-originated call setup. For network-originated “call” setup, we also need to consider the Paging procedure and the used DRX. For services like PoC, the total delay at network-initiated “call” setup is critical for the service characteristics. If we assume a DRX cycle length of 640ms and a SIB7 scheduling period of 160ms, the maximum “call” setup delay is then estimated follows:

	
	Message/procedure
	Delay
Cell_FACH
	Cumulative Delay

Cell_FACH
	Delay

Cell_DCH
	Cumulative Delay

Cell_DCH

	t0
	Paging
	640 ms
	
	640 ms
	

	
	SIB7 reading time
	150 ms
	790 ms
	150 ms
	790 ms

	
	RRC connection request / Cell Update
	40 ms
	830 ms
	40 ms
	830 ms

	t1
	RRC connection setup / Cell Update Conf
	60 ms
	890 ms
	200 ms
	1030

	t2
	RRC connection compl / XXX Reconf Compl
	100 ms
	990 ms
	300 ms
	1330

	
	RRC Connection setup in Total
	
	990 ms
	
	1330 ms


For Cell_FACH, the SIB7 reading contributes to 15% of the “call” setup delay.

For Cell_DCH, the SIB7 reading contributes to 11% of the “call” setup delay.

At RAN2#48 meeting, RAN2 concluded not to include DRX cycle impacts when comparing delay figures. Removing the DRX cycle impact results in 43% (Cell_FACH) and 22% (Cell_DCH) for SIB7 reading.

2.2 Introduction of SIB7 IEs in Paging message

With the assumptions above, we believe it is important to optimise “call” setup by reducing the time for UE SIB7 reading. In the Network-originated “call” setup case, reading of SIB7 can be avoided by introducing the information carried in the SIB7 into the PAGING TYPE 1 message. 

SIB7 contains the following Information Elements:

· UL interference, value range -110..-70 dBm (6 bits)
The UL interference is usually subject to rather fast variations, which need to be adopted by the UE in the open loop power control. 
This information is straightforward to introduce into the PAGING TYPE 1 message. 

· Dynamic persistence level, per PRACH listed in SIB5 and SIB6, value range 1..8 (3 bits)
The Dynamic persistence level is used by the UE as input to the function controlling the UE transmission probability on RACH.
This information is straightforward to introduce into the PAGING TYPE 1 message. We are also open to other solutions, e.g. that UE for messages on UL RB0 uses the dynamic persistency level read from SIB7 when entering the cell

· Expiration Time Factor, value range 1..8
The Expiration Time Factor indicates to the UE for how long it may regard the contents of SIB7 as valid. This is expressed in number of SIB7 repetition cycles, hence coupled to SIB7 reading on BCH. We propose to not introduce this IE into the PAGING TYPE 1 message, but instead state that UE shall regard that the UL interference (and Dynamic Persistency) levels be valid during the time expressed by the IE “Expiration Time Factor” in the last received SIB7 (e.g. already when the UE entered the cell). When the information is no longer valid, UE should have received valid SIB7 information according to existing requirements.
2.3 Paging message size considerations

The size of a PAGING TYPE 1 message at an UTRAN-triggered page to one UE in Cell/URA_PCH is assumed to be max 6 octets (UTRAN Single UE identity (U-RNTI) size is 32 bits). The same maximum size is assumed for CN-triggered page to one UE in Idle mode (size of TMSI and PTMSI is 32 bits). In [34.108], the combinations on SCCPCH carrying PCH offer payload sizes of 240 or 80 bits, depending on used spreading factor (128 alt 256). For the PAGING TYPE 1 message up to maxPage1=8 paging records could be introduced. It is however, assumed that for most cases only a few number of paging records are included in each paging message. This is especially true for the scenario when a system is optimised for delay, since any paging record that does not fit related to its first paging occasion need to be queued until the next paging occasion resulting in an additional delay of one DRX cycle.

Therefore, there seems not to be any message size constraints to introduce information elements from SIB7 into the PAGING TYPE 1 message. However, the extra information would slightly increase the load on the paging channel since more information is transmitted.

2.4 Optimisation for UE-originated access

As described above, to introduce SIB7 IEs into the PAGING TYPE 1 message would primarily shorten the “call” setup time for the paged UE, i.e. for network-originated “call” setup. But since the PAGING TYPE 1 message is sent on the PCH, nothing prevents UEs also at UE-originated “call” setup from reading the PCH in parallel to the BCH, and use whichever message is received first (SIB7 on BCH or PAGING TYPE 1 (intended for another UE) on PCH). This would in average shorten the delay also for UE-originated “call” setup.

2.5 UE-specific vs. UE-common parameters

By introducing “UL interference” and “Dynamic persistence level” in the PAGING TYPE 1 message, we introduce the possibility to set UE-specific values, which could be a way to give UTRAN possibility to prioritize RACH accesses of UEs differently. However, if we allow all UEs to read PAGING TYPE 1 messages as proposed in section 2.4, the “UL interference” and “Dynamic persistence level” could be introduced in two sets into the paging message, one set that is specific to the paged UE, and one set that is valid for all other UEs reading PCH in parallel to BCH.
2.6 UE Release
Since the proposed change is rather limited compared to the gain in reduced delay, we propose that this is introduced in Rel-6.

An advantage of the proposal is that it can be supported by Pre-Rel6 UEs without any compatibility problems. The added information elements of the PAGING TYPE 1 message to introduce the SIB7 information will appear as non-critical extensions.

3. Proposal

In this document, we have presented a proposal to reduce “call” setup delay by introducing the SIB7 information elements “UL interference” (and “Dynamic persistence level”) into the PAGING TYPE 1 message.

We propose RAN2 to

1) discuss and if possible agree on introducing “UL interference” and possibly also “Dynamic persistence level” into the PAGING TYPE 1 message in Rel-6, 

2) discuss and if possible agree on the further optimisations proposed in section 2.4 and 2.5

A draft CR on introducing the “UL Interference” into the PAGING TYPE 1 is attached.
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8
RRC procedures

8.1
RRC Connection Management Procedures

8.1.2
Paging

8.1.2.3
Reception of a PAGING TYPE 1 message by the UE

A UE in idle mode, CELL_PCH state or URA_PCH state shall receive the paging information for all its monitored paging occasions. For a UE in idle mode, the paging occasions are specified in [4] and depend on the IE "CN domain specific DRX cycle length coefficient", as specified in subclause 8.6.3.1a. For a UE in CELL_PCH state or URA_PCH state, the paging occasions depend also on the IE "UTRAN DRX cycle length coefficient" and the IE "RRC State Indicator", as specified in subclauses 8.6.3.2 and 8.6.3.3 respectively.

When the UE receives a PAGING TYPE 1 message, it shall perform the actions as specified below.

If the UE is in idle mode, for each occurrence of the IE "Paging record" included in the message the UE shall:
1>
if the IE "Used paging identity" is a CN identity:

2>
compare the IE "UE identity" with all of its allocated CN UE identities:
2>
if one match is found:

3>
indicate reception of paging; and

3>
forward the IE "CN domain identity", the IE "UE identity" and the IE "Paging cause" to the upper layers.
1>
otherwise:

2>
ignore that paging record.
If the UE is in connected mode, for each occurrence of the IE "Paging record" included in the message the UE shall:
1>
if the IE "Used paging identity" is a UTRAN single UE identity and if this U-RNTI is the same as the U-RNTI allocated to the UE stored in the UE variable U_RNTI:

2>
if the optional IE "CN originated page to connected mode UE" is included:

3>
indicate reception of paging; and

3>
forward the IE "CN domain identity", the IE "Paging cause" and the IE "Paging record type identifier" to the upper layers.

2>
if the IE "Release indicator" in the IE "RRC connection release information" has the value "Release":

3>
release all its radio resources;

3>
indicate the release of the established signalling connections (as stored in the variable ESTABLISHED_SIGNALLING_CONNECTIONS) and established radio access bearers (as stored in the variable ESTABLISHED_RABS) to the upper layers;

3>
clear the variable ESTABLISHED_SIGNALLING_CONNECTIONS;

3>
clear the variable ESTABLISHED_RABS;

3>
pass the value of the IE "Release cause" received in the IE “Release information” to upper layers;

3>
enter idle mode;

3>
perform the actions specified in subclause 8.5.2 when entering idle mode;

3>
and the procedure ends.
2>
otherwise:

3>
perform a cell update procedure with cause "paging response" as specified in subclause 8.3.1.2.

2>
ignore any other remaining IE "Paging record" that may be present in the message.

1>
if the IE "Used paging identity" is a UTRAN group identity and there is a group identity match according to subclause 8.6.3.13:

2>
if the IE "Release indicator" in the IE "RRC connection release information" has the value "Release":
3>
release all its radio resources;

3>
indicate the release of the established signalling connections (as stored in the variable ESTABLISHED_SIGNALLING_CONNECTIONS) and established radio access bearers (as stored in the variable ESTABLISHED_RABS) to the upper layers;

3>
clear the variable ESTABLISHED_SIGNALLING_CONNECTIONS;

3>
clear the variable ESTABLISHED_RABS;

3>
pass the value of the IE "Release cause" received in the IE “Release information” to upper layers;

3>
enter idle mode;

3>
perform the actions specified in subclause 8.5.2 when entering idle mode;

3>
and the procedure ends.

2>
otherwise:

3>
perform a cell update procedure with cause "paging response" as specified in subclause 8.3.1.2.

2>
ignore any other remaining IE "Paging record" that may be present in the message.
1>
otherwise:

2>
ignore that paging record.
If the IE "BCCH modification info" is included, any UE in idle mode, CELL_PCH or URA_PCH state shall perform the actions as specified in subclause 8.1.1 in addition to any actions caused by the IE "Paging record" occurrences in the message as specified above.

For FDD, if the IE "UL interference" is included in the PAGING TYPE 1 message, any UE in idle mode, URA_PCH and CELL_PCH state shall store the content of the IE "UL interference", and consider the value to be valid during the time expressed by IE “Expiration TimeFactor” in the latest received SIB7 message.

8.5
General procedures

8.5.7
Open loop power control

For FDD and prior to PRACH transmission the UE shall:

1>
acquire valid versions of the necessary System Information IEs as follows:
2>
if the UE has stored valid versions of the IEs "Primary CPICH Tx power" and "Constant value":

3>
use the stored content of the IEs.

2>
otherwise:

3>
read and store the IE "Primary CPICH Tx power" and "Constant value" in System Information Block type 6 (or System Information Block type 5, if System Information Block type 6 is not being broadcast).
2>
if the UE has a valid version of the IE "UL interference" stored:

3>
use the stored content of the IE "UL interference".

2>
otherwise:

3>
read and store the IE "UL interference" in System Information Block type 7;

3>
if the UE fails to read the IE "UL interference" in System Information Block type 7 due to bad radio conditions, the UE shall use the last stored IE "UL interference".
1>
measure the value for the CPICH_RSCP;

1>
calculate the power for the first preamble as:

Preamble_Initial_Power = Primary CPICH TX power – CPICH_RSCP + UL interference + Constant Value

Where,


Primary CPICH TX power shall have the value of IE "Primary CPICH Tx power",


UL interference shall have the value of IE "UL interference"; and


Constant Value shall have the value of IE "Constant value".

1>
as long as the physical layer is configured for PRACH transmission:

2>
continuously recalculate the Preamble_Initial_Power when any of the broadcast parameters used in the above formula changes; and

2>
resubmit to the physical layer the new calculated Preamble_Initial_Power.

10
Message and information element functional definition and content

10.2
Radio Resource Control messages

10.2.20
PAGING TYPE 1

This message is used to send information on the paging channel. One or several UEs, in idle or connected mode, can be paged in one message, which also can contain other information.


RLC-SAP: TM


Logical channel: PCCH


Direction: UTRAN ( UE

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Message Type
	MP
	
	Message Type
	
	

	UE Information elements
	
	
	
	
	

	Paging record list
	OP
	1 to <maxPage1>
	
	
	

	>Paging record
	MP
	
	Paging record 10.3.3.23
	
	

	Other information elements
	
	
	
	
	

	BCCH modification info
	OP
	
	BCCH modification info 10.3.8.1
	
	

	CHOICE mode
	OP
	
	
	
	REL-6

	>FDD
	
	
	
	
	REL-6

	>>UL interference
	MP
	
	UL interference 10.3.6.87
	
	REL-6

	>TDD
	
	
	
	(no data)
	REL-6


If the encoded message does not fill a transport block, the RRC layer shall add padding according to subclause 12.1.

11
Message and Information element abstract syntax (with ASN.1)

11.2
PDU definitions


/ ... /

IMPORTS


:

-- Physical Channel IEs :


Alpha,


BEACON-PL-Est,


CCTrCH-PowerControlInfo,


CCTrCH-PowerControlInfo-r4,

CCTrCH-PowerControlInfo-r5,

ConstantValue,


ConstantValueTdd,


CPCH-SetInfo,


DHS-Sync,


DL-CommonInformation,


DL-CommonInformation-r4,


DL-CommonInformation-r5,

DL-CommonInformation-r6,


DL-CommonInformationPost,


DL-HSPDSCH-Information,


DL-InformationPerRL-List,


DL-InformationPerRL-List-r4,


DL-InformationPerRL-List-r5,

DL-InformationPerRL-List-r5bis,

DL-InformationPerRL-List-r6,

DL-InformationPerRL-ListPostFDD,


DL-InformationPerRL-PostTDD,


DL-InformationPerRL-PostTDD-LCR-r4,

DL-PDSCH-Information,


DL-TPC-PowerOffsetPerRL-List,


DPC-Mode,


DPCH-CompressedModeStatusInfo,


DynamicPersistenceLevel,


FrequencyInfo,


FrequencyInfoFDD,


FrequencyInfoTDD,


HARQ-Preamble-Mode,

HS-SICH-Power-Control-Info-TDD384,

MaxAllowedUL-TX-Power,


OpenLoopPowerControl-IPDL-TDD-r4,


Paging-FDD-ModeSpecificInfo,


PDSCH-CapacityAllocationInfo,


PDSCH-CapacityAllocationInfo-r4,

PDSCH-Identity,


PrimaryCPICH-Info,


PrimaryCCPCH-TX-Power,


PUSCH-CapacityAllocationInfo,


PUSCH-CapacityAllocationInfo-r4,

PUSCH-Identity,


PUSCH-SysInfoList-HCR-r5,


PDSCH-SysInfoList-HCR-r5,


RL-AdditionInformationList,


RL-AdditionInformationList-r6,


RL-RemovalInformationList,


Serving-HSDSCH-CellInformation,


SpecialBurstScheduling,


SSDT-Information,


SSDT-Information-r4,


TFC-ControlDuration,


SSDT-UL,


TimeslotList,


TimeslotList-r4,

TX-DiversityMode,


UL-ChannelRequirement,


UL-ChannelRequirement-r4,


UL-ChannelRequirement-r5,

UL-ChannelRequirement-r6,

UL-ChannelRequirementWithCPCH-SetID,


UL-ChannelRequirementWithCPCH-SetID-r4,


UL-ChannelRequirementWithCPCH-SetID-r5,

UL-DPCH-Info,


UL-DPCH-Info-r4,

UL-DPCH-Info-r5,

UL-DPCH-Info-r6,

UL-DPCH-InfoPostFDD,


UL-DPCH-InfoPostTDD,


UL-DPCH-InfoPostTDD-LCR-r4,

UL-EDCH-Information-r6,


UL-SynchronisationParameters-r4,

UL-TimingAdvance,


UL-TimingAdvanceControl,


UL-TimingAdvanceControl-r4,

:


/ ... /

-- ***************************************************

--

-- PAGING TYPE 1

--

-- ***************************************************

PagingType1 ::= SEQUENCE {


-- User equipment IEs



pagingRecordList



PagingRecordList




OPTIONAL,


-- Other IEs



bcch-ModificationInfo


BCCH-ModificationInfo



OPTIONAL,



laterNonCriticalExtensions

SEQUENCE {




-- Container for additional R99 extensions




pagingType1-r3-add-ext


BIT STRING

OPTIONAL,




v590NonCriticalExtensions

SEQUENCE {





pagingType1-v590ext



PagingType1-v590ext-IEs,





v6xyNonCriticalExtensions

SEQUENCE {






pagingType1-v6xyext



PagingType1-v6xyext-IEs





nonCriticalExtensions


SEQUENCE {}

OPTIONAL





}
OPTIONAL




}
OPTIONAL



}
OPTIONAL

}

PagingType1-v590ext-IEs ::= SEQUENCE {


-- User equipment IEs



pagingRecord2List



PagingRecord2List-r5



OPTIONAL

}

PagingType1-v6xyext-IEs ::=


SEQUENCE {


-- Other IEs



paging-FDD-ModeSpecificInfo

Paging-FDD-ModeSpecificInfo


OPTIONAL
}


/ ... /

11.3
Information element definitions


/ ... /

-- ***************************************************

--

--     PHYSICAL CHANNEL INFORMATION ELEMENTS (10.3.6)

--

-- ***************************************************


/ ... /

OpenLoopPowerControl-IPDL-TDD-r4 ::=
SEQUENCE {


ipdl-alpha






Alpha,


maxPowerIncrease




MaxPowerIncrease-r4

}

Paging-FDD-ModeSpecificInfo ::=

SEQUENCE {


ul-Interference





UL-Interference

}

PagingIndicatorLength ::=


ENUMERATED {











pi4, pi8, pi16 }


/ ... /

UL-Interference ::=




INTEGER (-110..-70)


/ ... /
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