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1. Introduction

RAN1 are considering the possibility of supporting blank downlink subframes in Rel-8 ([1]).  This document describes the necessary support in TS 36.331, TS 36.304, and TS 36.321.

2. Discussion

The expected behaviour of blank subframes is that any subframe may be indicated as blank.  This blank status does not apply for subframes 0 or 5 in a frame, paging subframes, or MBSFN subframes.
In FDD, because of the synchronous uplink HARQ, blank subframes should (to the extent possible) occur in a cycle of 8 (not 10!) ms, so that if subframe x is blank, so is subframe x+8 (or subframe (x+8) % 10 of the next frame).  The result is a “sliding” effect, as shown in Figure 1.
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Figure 1: Sliding alignment of frame and blanking structures (FDD case)
To some extent, exceptions to this 8-ms periodicity are tolerable, with the cost of causing occasional lost HARQ acknowledgements.  RAN4 are considering the severity of this problem.
The situation for TDD depends on the allocation of uplink subframes, with details still being discussed in RAN1; for this contribution, we focus on the FDD case, although TDD support is included in the attached text proposals.
2.1.
Signalling support

The blank subframe allocation needs to be signalled in the system information of a cell.  Ideally, it should be provided in SIB1, since it affects the UE’s reception of subsequent SIBs, and so that it can be read with a reasonable chance of success by a UE in a neighbouring cell.  However, especially in the case of a full explicit bitmap (32 bits), the impact to SIB1 might be unacceptable.  For this reason, and because of the conceptual similarity to the MBSFN allocation, the attached text proposal places this information in SIB2.  The main impact is that the UE risks wasting some battery life unwittingly attempting to decode the PDCCH in blank subframes during SIB2 reception.

The attached text proposal to 36.331 (in two versions) indicates what the signalling impact of this support would be.  In one approach, the blank subframes are signalled as a 32-bit bitmap covering a 40-ms period (for FDD; the TDD case uses 10 bits); this alternative offers maximum flexibility, but adds more overhead to SIB2.  The second alternative makes use of the MBSFN configuration, and assumes that the blank subframes are “overlaid” on the MBSFN subframe allocation; that is, the blank subframes are a subset of the MBSFN subframes.

2.2.
Impact to idle mode and MAC specifications
In addition to the RRC support to signal the subframe allocation, we have identified the following impacts of potential concern to RAN2:
· It would be most efficient to allow systems using blank subframes to use only subframes 0 and 5 (rather than 4 and 9) for paging, so that all other subframes can be blanked.  This change is not mandatory, but would increase the efficiency of the blanking scheme.  The impact is a single-line change in 36.304.  We have chosen to present the alternative subframe indices as conditional on the presence of blank subframes, so that a cell that is blanking always uses subframes 0 and 5 for paging, but this behaviour could be made optional (at the cost of an additional bit in SIB2).
· Although the network would be able to avoid scheduling UEs in blank uplink subframes, the MAC needs an indication that HARQ acknowledgements are not transmitted in blank subframes (as is done today for measurement gaps), and that RACH transmissions may take blank subframes into account.  (It is open to discussion whether the latter condition should be mandatory; a UE that sends a RACH transmission in a blank subframe is generating interference, but in some cases such as handover it may be an undesirable burden to force the UE to wait to determine the SFN before making a RACH attempt.)
Both sets of changes are quite straightforward and involve no real complexities.  Separate text proposals are included to show the impact on these specifications.
2.3.
Mobility concerns
At mobility, of course, the UE does not know the blanking configuration of the target cell.  In idle mode, this could affect measurements; UEs that are not aware of a neighbour’s possible blanking configuration can only safely measure on subframes 0 and 5.  While such measurements should still meet RAN4’s minimum requirements, it would be desirable to allow UEs to measure other subframes where possible.

The simplest approach would be either a per-frequency or per-cell flag in the neighbouring cell list, indicating whether the cell is, or the frequency may contain cells that are, using blank subframes.  The per-frequency approach would involve minimal signalling changes and overhead, but would not be completely optimal from a deployment perspective, since UEs measuring any frequency that might contain a single cell using blank subframes would suffer the performance impact on all target cells.  However, making both per-frequency flags and per-cell “exception” flags available seems to offer the most flexibility, allowing operators to make the final judgement about the tradeoff between signalling overhead and measurement impact.

In particular, an operator with no eNode Bs using blank subframes (which presumably means all operators in the Rel-8 timeframe) can simply indicate “no blanking” on all frequencies, and suffer no further impact from the existence of the feature.

For connected-mode handover, even if the target cell’s blanking configuration is delivered to the UE before mobility, the UE cannot interpret this information until it knows the target’s SFN.  This could result either in a futile RACH in a blank subframe or in a brief delay to acquire the target MIB before starting the RACH procedure.  However, assuming the configuration is available to the UE, these impacts apply only when the target is actually applying blanking—if there are no blank subframes, the UE takes no special action.
3. Conclusion
The attached text proposal has two parts.  The first shows the RRC impact of introducing support for blank subframes.  The second part contains an alternative format for SIB1 only, showing how the blank subframe configuration could be incorporated in the MBSFN configuration.
4. References
[1]
R1-08xxxx: “Specifying blank subframes in Rel-8” (Qualcomm Europe, RAN1#55)
TP to 36.331

5.2.2.9
Actions upon reception of SystemInformationBlockType2
Upon receiving SystemInformationBlockType2, the UE shall:

1>
if a (UE specific) paging cycle was received (signalling details FFS):

Editor's note:
It is FFS is the UE specific DRX value is signalled by NAS or AS.
2>
Apply the lowest of the paging cycle and the defaultPagingCycle included in the radioResourceConfigCommon;
1>
else:

2>
Apply the defaultPagingCycle included in the radioResourceConfigCommon;
1>
if the IE mbsfn-SubframeConfiguration is included:

2>
consider that no other DL assignments occur in the MBSFN subframes indicated in the IE mbsfn-SubframeConfiguration:

1>
if the IE blankSubframeConfiguration is included:
2>
Under the following conditions on subframe #X of the current:


3>
If X is not equal to 0 or 5 (this condition applies for FDD only); and

3>
if subframe #X is not designated as an MBSFN subframe; and


3>
if subframe #X is not used for paging; and


3>
if the corresponding bit of blankSubframeConfiguration is set to 1.


4>
consider that subframe #X is blank.
[...]
5.3.5.4
Reception of a RRCConnectionReconfiguration including the mobilityControlInformation by the UE (handover)

NOTE 1:
The UE should perform the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message.

NOTE 2:
If the RRCConnectionReconfiguration message indicates that the target cell is using blank subframes, the UE may delay transmission of the response to read the MIB so that the blank subframe configuration can be applied before the RACH procedure occurs.

If the RRCConnectionReconfiguration message includes the mobilityControlInformation and the UE is able to comply with the configuration included in this message, the UE shall:
1>
stop timer T310, if running;

1>
start timer T304 with the timer value set to t304, as included in the mobilityControlInformation;

1>
if the eutra-CarrierFreq is included:

2>
consider the target cell to be one on the frequency indicated by the eutra-CarrierFreq with a physical cell identity indicated by the targetCellIdentity;

1>
else:

2>
consider the target cell to be one on the current frequency with a physical cell identity indicated by the targetCellIdentity;

1>
deactivate any semi-persistent scheduling resources, if active;

1>
start synchronising to the DL of the target cell;
NOTE 2:
The UE applies the new configuration, resulting after the following actions, upon switching to the target cell.

1>
request PDCP to initiate the PDCP Re-establishment procedure for all RBs that are established;

NOTE 3:
The handling of the radio bearers after the successful completion of the L2 re-establishment, e.g. the re-transmission of unacknowledged PDCP SDUs (as well as the associated status reporting), the handling of the SN and the HFN, is specified in [8].

1>
reset MAC and re-establish RLC for all RBs that are established;

1>
set the C-RNTI to the value of the newUE-Identity;

1>
if the dl-Bandwidth is included:

2>
for the target cell, apply the downlink bandwidth indicated by the dl-Bandwidth;

1>
else:

2>
for the target cell, apply the same downlink bandwidth as for the current cell;

1>
if the ul-Bandwidth is included:

2>
for the target cell, apply the uplink bandwidth indicated by the ul-Bandwidth;

1>
else:

2>
for the target cell, apply the same uplink bandwidth as for the current cell;

1>
 configure lower layers in accordance with the received radioResourceConfigCommon;

1>
If the RRCConnectionReconfiguration message includes the radioResourceConfiguration: 

2>
perform the Radio resource configuration procedure as specified in 5.3.10;
1>
If the RRCConnectionReconfiguration message includes the securityConfiguration: 

2>
derive and apply the KRRCint, KRRCenc and KUPenc keys associated with the KeNB key indicated by the keyIndicator;

2>
configure lower layers to apply the indicated integrity protection algorithm and the KRRCint key, i.e. the indicated integrity protection configuration shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;

2>
configure lower layers to apply the indicated ciphering algorithm, the KRRCenc key and the KUPenc key, i.e. the indicated ciphering configuration shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;

1>
perform the measurement related actions as specified in 5.5.6.1;
1>
If the RRCConnectionReconfiguration message includes the measurementConfiguration:

2>
perform the Measurement configuration procedure as specified in 5.5.2;

1>
submit the RRCConnectionReconfigurationComplete message to lower layers for transmission using the new configuration;

1>
If MAC successfully completes the random access procedure: 

2>
stop timer T304;

2>
If the UE needs the SFN of the target cell to apply the PUCCH and Sounding RS configuration:

3>
apply the new PUCCH and Sounding RS configuration upon acquiring the SFN of the target cell;

2>
else:
3>
apply the new PUCCH and Sounding RS configuration;
2> indicate to PDCP to complete the PDCP Re-establishment procedure for all DRBs that are established, if any;

2>
the procedure ends.
Editor's note:
It has been agreed that the UE is not required to determine the SFN of the target cell by acquiring system information from that cell before performing RACH access in the target cell.

Editor’s note
Currently it is specified that the keyIndicator always needs to be provided upon handover as a result of which the securityConfiguration becomes mandatory in case of handover. If however the securityConfiguration would be optional in case of handover, the case the IE is not included needs to be covered also.

 [...]
–
SystemInformationBlockType2

The IE SystemInformationBlockType2 contains radio resource configuration information that is common for all UEs.

NOTE 1:
UE timers and constants related to functionality for which parameters are provided in another SIB are included in the corresponding SIB.

NOTE 2:
It is FFS whether Uplink EARFCN should be moved to SIB 1. This relates to the discussion on UE capability for variable TX-RX frequency separation.

SystemInformationBlockType2 information element
-- ASN1START

SystemInformationBlockType2 ::=

SEQUENCE {


accessBarringInformation


SEQUENCE {



accessBarringForEmergencyCalls

BOOLEAN,



accessBarringForSignalling


AccessClassBarringInformation
OPTIONAL,
-- Need OD



accessBarringForOriginatingCalls
AccessClassBarringInformation
OPTIONAL
-- Need OD


}

OPTIONAL,
















-- Need OD


radioResourceConfigCommon


RadioResourceConfigCommonSIB,


ue-TimersAndConstants



UE-TimersAndConstants,


frequencyInformation



SEQUENCE {



ul-EARFCN






INTEGER (0..maxEARFCN)


OPTIONAL,
-- Need OP



ul-Bandwitdh





ENUMERATED {












n6, n15, n25, n50, n75, n100, spare10, 













spare9, spare8, spare7, spare6, spare5, 













spare4, spare3, spare2, spare1},



additionalSpectrumEmission


INTEGER (0..31)


},


mbsfn-SubframeConfiguration


MBSFN-SubframeConfiguration


OPTIONAL,

blankSubframeConfiguration


BlankSubframeConfiguration


OPTIONAL
-- Need OD

...

}

AccessClassBarringInformation ::=
SEQUENCE {


accessProbabilityFactor



ENUMERATED {











p00, p05, p10, p15, p20, p25, p30, p40,











p50, p60, p70, p75, p80, p85, p90, p95},


accessBarringTime




ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},


accessClassBarringList



AccessClassBarringList
}
AccessClassBarringList ::=


SEQUENCE (SIZE (maxAC)) OF SEQUENCE {


accessClassBarring




BOOLEAN

}

MBSFN-SubframeConfiguration ::= 
SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF SEQUENCE {


radioframeAllocationPeriod


ENUMERATED {n1, n2, n4, n8, n16, n32},


radioframeAllocationOffset


INTEGER (0..7),


subframeAllocation




INTEGER (1..7)

}
BlankSubframeConfiguration ::=

CHOICE {


fdd








BIT STRING (SIZE(32)),


tdd








BIT STRING (SIZE(10))

}
-- ASN1STOP

Editor's note:
The extension mechanisms in this system information block are FFS.

	SystemInformationBlockType2 field descriptions

	accessBarringForEmergencyCalls

Access class barring for AC 10.

	accessBarringForSignalling

Access class barring for mobile originating signalling

	accessBarringForOriginatingCalls

Access class barring for mobile originating calls

	accessProbabilityFactor

If the random number drawn by the UE is lower than this value, access is allowed. Otherwise the access is barred.

	accessBarringTime

Mean access barring time in seconds.

	accessClassBarringList

Access class barring for AC 11-15. First in the list is for AC 11, second in the list is for AC 12, and so on

	ul-EARFCN

Default value determined from default TX-RX frequency separation defined in [36.101]

	ul-Bandwidth

Parameter: Uplink bandwidth [36.101]. Value n6 corresponds to 6 resource blocks, n15 to 15 resource blocks and so on

	additionalSpectrumEmission

Defined in [36.101]

	mbsfn-SubframeConfiguration

Defines the subframes that are reserved for MBSFN in downlink

	blankSubframeAllocation

Defines the subframes that are blanked in downlink.  For FDD, the bits indicate the blank (1) or nonblank (0) status of each subframe, other than subframes 0 and 5 of any frame, of a 40-ms period starting with a frame in which the MIB is transmitted.  For TDD, the bits indicate the status of subframes 0 through 9 in that order of each frame.

	radioFrameAllocation

Radio-frames that contain MBSFN subframes occur when equation SFN mod radioFrameAllocationPeriod
  = radioFrameAllocationOffset is satisfied. n1 denotes value 1, n2 denotes value 2, and so on 

	subframeAllocation

Number of MBSFN subframes within a radio frame carrying MBSFN. The MBSFN subframes are allocated from the beginning of the radio-frame in consequtive order with the restriction that only those subframes that may carry MBSFN are allocated: subframes 0 and 5 are not allocated; subframe 4 is not allocated (FDD); subframes 1, 6 and uplink subframes are not allocated (TDD)


–
SystemInformationBlockType3

The IE SystemInformationBlockType3 contains cell re-selection information common for intra-frequency, inter-frequency and/ or inter-RAT cell re-selection (i.e. applicable for more than one type of cell re-selection but not necessarily all) as well as intra-frequency cell re-selection information other than neighbouring cell related.

SystemInformationBlockType3 information element
-- ASN1START

SystemInformationBlockType3 ::=

SEQUENCE {


cellReselectionInfoCommon


SEQUENCE {



q-Hyst







ENUMERATED {













dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10,













dB12, dB14, dB16, dB18, dB20, dB22, dB24},



t-ReselectionEUTRAN




INTEGER (0..7),



speedDependentReselection


SEQUENCE {




mobilityStateParameters



MobilityStateParameters,




speedDependentScalingParameters

SEQUENCE {





q-HystSF-Medium





ENUMERATED {















db-6, dB-4, db-2, db0,















db2, db4, db6, spare},





q-HystSF-High





ENUMERATED {















db-6, dB-4, db-2, db0, db2,















db4, db6, spare},





t-ReselectionEUTRAN-SF-Medium 

ENUMERATED {oDot25, oDot5, oDot75, lDot0}, 





t-ReselectionEUTRAN-SF-High 

ENUMERATED {oDot25, oDot5, oDot75, lDot0}




}








OPTIONAL







-- Need OP



}









OPTIONAL,







-- Need OP



sameRefSignalsInNeighbour


BOOLEAN,



neighbourCellConfiguration


BIT STRING (SIZE (2)),



neighbourCellBlankConfiguration

BIT STRING (SIZE (2))

},


cellReselectionServingFreqInfo

SEQUENCE {



s-NonIntraSearch




INTEGER (0..56)


OPTIONAL,

-- Need OP



threshServingLow




INTEGER (0..56),



cellReselectionPriority



INTEGER (0..7)


OPTIONAL


},




















-- need FFS

intraFreqCellReselectionInfo

SEQUENCE {



s-IntraSearch





INTEGER (0..56)


OPTIONAL,

-- Need OP



measurementBandwidth



MeasurementBandwidth
OPTIONAL

-- Need OP


},


...

}

-- ASN1STOP

	SystemInformationBlockType3 field descriptions

	cellReselectionInfoCommon

Cell re-selection information common for cells, e.g. Ssearch

	q-Hyst

Value q-Hyst in dB. Value dB1 corresponds to 1 dB, dB2 corresponds to 2 dB and so on.

	speedDependentReselection

Speed dependent reselection parameters. If the IE is not present, the UE behaviour is specified in [4].

	q-HystSF-Medium

Additional hysteresis apllied in Medium Mobility state to q-Hyst as defined in [4]. In db. Value db-6 corresponds to -6dB, db-4 corresponds to -4dB and so on.

	q-HystSF-High

Additional hysteresis apllied in High Mobility state to q-Hyst as defined in [4]. In db. Value db-6 corresponds to -6dB, db-4 corresponds to -4dB and so on.

	speedDependentScalingParameters
Speed dependent scaling parameters. If the IE is not present, the UE behaviour is specified in [4].

	t-ReselectionEUTRAN

Cell reselection timer value TreselectionRAT for E-UTRAN. In seconds

	t-ReselectionEUTRAN-SF-Medium
The IE t-ReselectionEUTRAN is multiplied with this factor if the UE is in Medium Mobility state as defined in [4]. Value oDot25 corresponds to 0.25, oDot5 corresponds to 0.5 , oDot75 corresponds to 0.75 and so on. 

	t-ReselectionEUTRAN-SF-High
The IE t-ReselectionEUTRAN is multiplied with this factor if the UE is in High Mobility state as defined in [4]. Value oDot25 corresponds to 0.25, oDot5 corresponds to 0.5 , oDot75 corresponds to 0.75 and so on.

	s-IntraSearch 

Parameter Sintrasearch, see [4]. Actual value Sintrasearch = IE value * 2. Value in dB.

	sameRefSignalsInNeighbour

Valid only in TDD operation [RAN1 spec; FFS].

If TRUE: the UE may assume that the same reference signals are available in neighbour cells as in serving cell.

	neighbourCellConfiguration

Provides information related to MBSFN and TDD UL:DL configuration of neighbour cells

00: Not all neighbour cells have the same MBSFN subframe allocation as serving cell

10: All neighbour cells have same MBSFN subframe allocation as the serving cell

01: No MBSFN subframes are present in all neighbour cells

11: Different UL/DL allocation in neighbouring cells for TDD compared to the serving cell

	neighbourCellBlankConfiguration

Provides information related to the status of blank subframes in neighbouring cells.

00: Not all neighbour cells have the same blank subframe configuration as the serving cell

01: All neighbour cells have the same blank subframe configuration as the serving cell

10: No blank subframes are present in intra-frequency neighbour cells

11: No blank subframes are present in any intra- or inter-frequency neighbour cells

	servingFreqCellReselectionInfo 



	s-NonIntraSearch 

Parameter Snonintrasearch,see [4]. Actual value Snonintrasearch = IE value * 2. Value in dB.

	threshServingLow 

Actual value threshServingLow = IE value * 2. Value in dB.

	cellReselectionPriority 

Absolute priority of the serving layer (0 means: lowest priority)

	intraFreqcellReselectionInfo



	s-IntraSearch 

Actual value Sintrasearch = IE value * 2. Value in dB.

	measurementBandwidth

Measurement bandwidth information common for all neighbouring cells. If absent, the value represented by the dl-SystemBandwidth included in MasterInformationBlock applies (FFS) 


–
SystemInformationBlockType4

The IE SystemInformationBlockType4 contains neighbouring cell related information relevant only for intra-frequency cell re-selection. The IE includes cells with specific re-selection parameters as well as blacklisted cells.
SystemInformationBlockType4 information element
-- ASN1START

SystemInformationBlockType4 ::=

SEQUENCE {


intraFreqNeighbouringCellList

IntraFreqNeighbouringCellList

OPTIONAL,


intraFreqBlacklistedCellList

IntraFreqBlacklistedCellList

OPTIONAL,


...

}

IntraFreqNeighbouringCellList ::=

SEQUENCE (SIZE (1..maxCellIntra)) OF SEQUENCE {


physicalCellIdentity




PhysicalCellIdentity,


q-OffsetCell






ENUMERATED {













dB-24, dB-22, dB-20, dB-18, dB-16, dB-14,













dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3,













dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5,













dB6, dB8, dB10, dB12, dB14, dB16, dB18,













dB20, dB22, dB24, spare1},


blankSubframesPresent




BOOLEAN,


...

}

IntraFreqBlacklistedCellList ::=

SEQUENCE (SIZE (1..maxCellBlack)) OF SEQUENCE {



physicalCellIdentity



PhysicalCellIdentity

}

-- ASN1STOP

	SystemInformationBlockType4 field descriptions

	intraFreqNeighbouringCellList

List of intra-frequency neighbouring cells with specific cell re-selection parameters.

	q-OffsetCell 

The value in dB. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	intraFreqBlacklistedCellList 

List of blacklisted intra-frequency neighbouring cells


–
SystemInformationBlockType5

The IE SystemInformationBlockType5 contains information relevant only for inter-frequency cell re-selection i.e. information about other E‑UTRA frequencies and inter-frequency neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
SystemInformationBlockType5 information element
-- ASN1START

SystemInformationBlockType5 ::=

SEQUENCE {


interFreqCarrierFreqList


InterFreqCarrierFreqList,


...

}

InterFreqCarrierFreqList ::=

SEQUENCE (SIZE (1..maxFreq)) OF SEQUENCE {


eutra-CarrierFreq




EUTRA-DL-CarrierFreq,


t-ReselectionEUTRAN




INTEGER (0..7),


speedDependentScalingParameters 
SEQUENCE {



t-ReselectionEUTRAN-SF-Medium 

ENUMERATED {oDot25, oDot5, oDot75, lDot0}, 



t-ReselectionEUTRAN-SF-High 

ENUMERATED {oDot25, oDot5, oDot75, lDot0}


}















OPTIONAL,

-- need OP


threshX-High





INTEGER (0..56),


threshX-Low






INTEGER (0..56),


measurementBandwidth



MeasurementBandwidth,


cellReselectionPriority



INTEGER (0..7)





OPTIONAL,


q-OffsetFreq





ENUMERATED {












dB-24, dB-22, dB-20, dB-18, dB-16, dB-14, 












dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3, 












dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5, 












dB6, dB8, dB10, dB12, dB14, dB16, dB18, 












dB20, dB22, dB24, spare1}




DEFAULT dB0,


interFreqNeighbouringCellList

InterFreqNeighbouringCellList
OPTIONAL,


interFreqBlacklistedCellList

InterFreqBlacklistedCellList
OPTIONAL,


blankSubframesPresentInFrequency
BOOLEAN,


...

}

InterFreqNeighbouringCellList ::=
SEQUENCE (SIZE (1..maxCellInter)) OF SEQUENCE {


physicalCellIdentity



PhysicalCellIdentity,


q-OffsetCell





ENUMERATED {












dB-24, dB-22, dB-20, dB-18, dB-16, dB-14, 












dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3, 












dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5, 












dB6, dB8, dB10, dB12, dB14, dB16, dB18, 












dB20, dB22, dB24, spare},

blankSubframesPresent




BOOLEAN,

}

InterFreqBlacklistedCellList ::=
SEQUENCE (SIZE (1..maxCellBlack)) OF SEQUENCE {


physicalCellIdentity



PhysicalCellIdentity

}

-- ASN1STOP

	SystemInformationBlockType5 field descriptions

	threshX-High 

Parameter "Thresx,high" [36.304]. Actual value in dB = IE value * 2.

	threshX-Low 

Parameter "Thresx,low" [36.304]. Actual value in dB = IE value * 2.

	speedDependentScalingParameters
Speed dependent scaling parameters. If the IE is not present, the UE behaviour is specified in [4]

	t-ReselectionEUTRAN

Cell reselection timer value TreselectionRAT for E-UTRAN. In seconds

	t-ReselectionEUTRAN-SF-Medium
The IE t-ReselectionEUTRAN is multiplied with this factor if the UE is in Medium Mobility state as defined in [4]. Value oDot25 corresponds to 0.25, oDot5 corresponds to 0.5 , oDot75 corresponds to 0.75 and so on. 

	t-ReselectionEUTRAN-SF-High
The IE t-ReselectionEUTRAN is multiplied with this factor if the UE is in High Mobility state as defined in [4]. Value oDot25 corresponds to 0.25, oDot5 corresponds to 0.5 , oDot75 corresponds to 0.75 and so on.

	measurementBandwidth

Measurement bandwidth common for all neighbouring cells on the frequency.

	cellReselectionPriority

Absolute priority of the E-UTRA carrier frequency (0 means: lowest priority)

	q-OffsetFreq 

The value q-OffsetFreq in dB. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	interFreqNeighbouringCellList

List of inter-frequency neighbouring cells with specific cell re-selection parameters. 

	q-OffsetCell 

The value q-OffsetCell in dB. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	interFreqBlacklistedCellList 

List of blacklisted inter-frequency neighbouring cells


[...]
–
PhysicalConfigDedicated
The IE PhysicalConfigDedicated is used to specify the UE specific physical channel configuration.

PhysicalConfigDedicated information element
-- ASN1START

PhysicalConfigDedicated ::=


SEQUENCE {


pdsch-Configuration




PDSCH-ConfigDedicated


OPTIONAL,

-- need OC


pucch-Configuration




PUCCH-ConfigDedicated


OPTIONAL,

-- need OC


pusch-Configuration




PUSCH-ConfigDedicated


OPTIONAL,

-- need OC


uplinkPowerControl




UplinkPowerControlDedicated

OPTIONAL,

-- need OC


tpc-PDCCH-ConfigPUCCH



TPC-PDCCH-Configuration 

OPTIONAL,

-- need OC

tpc-PDCCH-ConfigPUSCH



TPC-PDCCH-Configuration 

OPTIONAL,

-- need OC


cqi-Reporting





CQI-Reporting




OPTIONAL,

-- need OC


soundingRsUl-Config




SoundingRsUl-ConfigDedicated
OPTIONAL,

-- need OC


antennaInformation




CHOICE {



explicit






AntennaInformationDedicated,



default







NULL


}

OPTIONAL,
















-- need OC


schedulingRequestConfig



SchedulingRequest-Configuration OPTIONAL, 

-- need OC

blankSubframeAllocation



BlankSubframeAllocation


OPTIONAL,

-- need OD

...

}

-- ASN1STOP

	PhysicalConfigDedicated field descriptions

	antennaInformation

The default antenna configuration is described in section 9.2.4

	tpc-PDCCH-ConfigPUCCH

PDCCH configuration for power control of PUCCH using format 3/3A, see TS 36.212 [22]. If the IE is not present and no tpc-PDCCH-ConfigPUCCH has been configured, then the function remains disabled. 

	tpc-PDCCH-ConfigPUSCH

PDCCH configuration for power control of PUSCH using format 3/3A, see TS 36.212 [22]. If the IE is not present and no tpc-PDCCH-ConfigPUSCH has been configured, then the function remains disabled. 


[Alternative version of SIB2 using pre-existing MBSFN subframes]
–
SystemInformationBlockType2

The IE SystemInformationBlockType2 contains radio resource configuration information that is common for all UEs.

NOTE 1:
UE timers and constants related to functionality for which parameters are provided in another SIB are included in the corresponding SIB.

NOTE 2:
It is FFS whether Uplink EARFCN should be moved to SIB 1. This relates to the discussion on UE capability for variable TX-RX frequency separation.

SystemInformationBlockType2 information element
-- ASN1START

SystemInformationBlockType2 ::=

SEQUENCE {


accessBarringInformation


SEQUENCE {



accessBarringForEmergencyCalls

BOOLEAN,



accessBarringForSignalling


AccessClassBarringInformation
OPTIONAL,
-- Need OD



accessBarringForOriginatingCalls
AccessClassBarringInformation
OPTIONAL
-- Need OD


}

OPTIONAL,
















-- Need OD


radioResourceConfigCommon


RadioResourceConfigCommonSIB,


ue-TimersAndConstants



UE-TimersAndConstants,


frequencyInformation



SEQUENCE {



ul-EARFCN






INTEGER (0..maxEARFCN)


OPTIONAL,
-- Need OP



ul-Bandwitdh





ENUMERATED {












n6, n15, n25, n50, n75, n100, spare10, 













spare9, spare8, spare7, spare6, spare5, 













spare4, spare3, spare2, spare1},



additionalSpectrumEmission


INTEGER (0..31)


},


mbsfn-SubframeConfiguration


MBSFN-SubframeConfiguration


OPTIONAL,

...

}

AccessClassBarringInformation ::=
SEQUENCE {


accessProbabilityFactor



ENUMERATED {











p00, p05, p10, p15, p20, p25, p30, p40,











p50, p60, p70, p75, p80, p85, p90, p95},


accessBarringTime




ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},


accessClassBarringList



AccessClassBarringList
}
AccessClassBarringList ::=


SEQUENCE (SIZE (maxAC)) OF SEQUENCE {


accessClassBarring




BOOLEAN

}

MBSFN-SubframeConfiguration ::= 
SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF SEQUENCE {


radioframeAllocationPeriod


ENUMERATED {n1, n2, n4, n8, n16, n32},


radioframeAllocationOffset


INTEGER (0..7),


subframeAllocation




INTEGER (1..7),


blankAllocation





INTEGER (1..7)

DEFAULT 0
}

-- ASN1STOP

Editor's note:
The extension mechanisms in this system information block are FFS.

	SystemInformationBlockType2 field descriptions

	accessBarringForEmergencyCalls

Access class barring for AC 10.

	accessBarringForSignalling

Access class barring for mobile originating signalling

	accessBarringForOriginatingCalls

Access class barring for mobile originating calls

	accessProbabilityFactor

If the random number drawn by the UE is lower than this value, access is allowed. Otherwise the access is barred.

	accessBarringTime

Mean access barring time in seconds.

	accessClassBarringList

Access class barring for AC 11-15. First in the list is for AC 11, second in the list is for AC 12, and so on

	ul-EARFCN

Default value determined from default TX-RX frequency separation defined in [36.101]

	ul-Bandwidth

Parameter: Uplink bandwidth [36.101]. Value n6 corresponds to 6 resource blocks, n15 to 15 resource blocks and so on

	additionalSpectrumEmission

Defined in [36.101]

	mbsfn-SubframeConfiguration

Defines the subframes that are reserved for MBSFN in downlink

	radioFrameAllocation

Radio-frames that contain MBSFN subframes occur when equation SFN mod radioFrameAllocationPeriod
  = radioFrameAllocationOffset is satisfied. n1 denotes value 1, n2 denotes value 2, and so on 

	subframeAllocation

Number of MBSFN subframes within a radio frame carrying MBSFN. The MBSFN subframes are allocated from the beginning of the radio-frame in consequtive order with the restriction that only those subframes that may carry MBSFN are allocated: subframes 0 and 5 are not allocated; subframe 4 is not allocated (FDD); subframes 1, 6 and uplink subframes are not allocated (TDD)

	blankAllocation

Number of the MBSFN subframes within the MBSFN allocation that are blank.  The blank subframes are allocated from the beginning of the radio frame.  The value of blankAllocation cannot exceed the value of subframeAllocation. 


TP to 36.304
7.2
Subframe Patterns

FDD:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	4 [alt. 0]
	N/A
	N/A
	N/A

	2
	4 [alt., 0]
	9 [alt. 5]
	N/A
	N/A

	3
	0, 
	4 [alt. 5]
	9
	N/A

	4
	0, 
	4
	5
	9


NOTE: For FDD, the alternative PO values for Ns=1 and Ns=2 apply when the blank subframe allocation in the serving cell is not empty.
TDD (all UL/DL patterns):

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


TDD UL/DL pattern 1: ….

TP to 36.321
5.1.3
Random Access Preamble transmission

The random-access procedure shall be performed as follows:

-
If PREAMBLE_TRANSMISSION_COUNTER = PREAMBLE_TRANS_MAX + 1:

-
indicate a Random Access problem to upper layers.

[-
set the parameter PREAMBLE_RECEIVED_TARGET_POWER to PREAMBLE_INITIAL_RECEIVED_TARGET_POWER + (PREAMBLE_TRANSMISSION_COUNTER-1) * POWER_RAMP_STEP;]

-
determine the next available Random Access occasion (a UE may take into account the possible occurrence of measurement gaps and blank subframes when determining the next available Random Access occasion);

-
instruct the physical layer to transmit a preamble using the selected PRACH resource, corresponding RA-RNTI, preamble index and PREAMBLE_RECEIVED_TARGET_POWER.

[…]
5.3.2.2
HARQ process

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission for this HARQ process; or

-
if the HARQ process is equal to the broadcast process and the physical layer indicates a new transmission; or

-
if this is the very first received transmission for this HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.

-
else:

-
if the data has not yet been successfully decoded:

-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the TB size is different from the last valid TB size signalled for this HARQ process:

-
the UE may replace the data currently in the soft buffer for this HARQ process with the received data.

-
attempt to decode the data in the soft buffer;

-
if the data in the soft buffer was successfully decoded:

-
if the HARQ process is equal to the broadcast process:
-
deliver the decoded MAC PDU to RRC.

-
else:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:

-
generate a negative acknowledgement (NACK) of the data in this HARQ process.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if there is a measurement gap or a blank uplink subframe at the time of the transmission of the HARQ feedback:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement to the physical layer.

[…]
5.4.2.1
HARQ entity

There is one HARQ entity at the UE, which maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for the feedback on the successful or unsuccessful reception of previous transmissions.

The number of parallel HARQ processes is specified in [2], clause 8.

At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the received feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process.

If TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. Within a bundle HARQ retransmissions are non-adaptive and shall be performed without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The feedback for a bundle is only received for the TTI corresponding to TTI_BUNDLE_SIZE. A retransmission of a TTI bundle is also a TTI bundle.

For transmission of an uplink message containing the C-RNTI MAC control element or an uplink message including a CCCH SDU during Random Access (see section 5.1.5) TTI bundling does not apply.

For each TTI, the HARQ entity shall:

-
identify the HARQ process associated with this TTI;

-
if an uplink grant has been indicated for this TTI:

-
if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or

-
if this is the very first transmission for this HARQ process (i.e. , no previous NDI is available); or

-
if the uplink grant was received in a Random Access Response:

-
if there is an ongoing Random Access procedure and there is a  MAC PDU in the [Message3] buffer:

-
obtain the MAC PDU to transmit from the [Message3] buffer.

-
else:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-
instruct the identified HARQ process to trigger a new transmission.

-
else:

-
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission.

-
else, if the HARQ buffer of the HARQ process corresponding to this TTI is not empty:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

When determining if NDI has been incremented compared to the value in the previous transmission UE shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.

NOTE:
A retransmission triggered by the HARQ entity should be cancelled by the corresponding HARQ process if it collides with a measurement gap or a blank uplink subframe, or if a non-adaptive retransmission is not allowed.

5.4.2.2
HARQ process

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4.

New transmissions and adaptive retransmissions are performed on the resource and with the MCS indicated on PDCCH, while a non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt,

The UE is configured with a Maximum number of HARQ transmissions and a Maximum number of Message3 HARQ transmissions by RRC. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the [Message3] buffer, maximum number of transmissions shall be set to Maximum number of HARQ transmissions. For transmission of a MAC PDU stored in the [Message3] buffer, maximum number of transmissions shall be set to Maximum number of Message3 HARQ transmissions.

If the HARQ entity requests a new transmission, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;

-
if there is no measurement gap and no blank uplink subframe at the time of the transmission or if the MAC PDU was obtained from the [Message3] buffer:

-
generate a transmission as described below.

If the HARQ entity requests a retransmission, the HARQ process shall:

-
increment CURRENT_TX_NB by 1;

-
if there is no measurement gap and no blank subframe at the time of the retransmission:

-
if the HARQ entity requests an adaptive retransmission:

-
store the uplink grant received from the HARQ entity;

-
set CURRENT_IRV to the value provided in the HARQ information;

-
generate a transmission as described below.

-
else if the HARQ entity requests a non-adaptive retransmission:

-
if TTI bundling is not configured and the last received feedback for this HARQ process is a HARQ NACK; or

-
if TTI bundling is configured and CURRENT_TX_NB modulo TTI_BUNDLE_SIZE = 0 and the last received feedback for this HARQ process is a HARQ NACK; or

-
if TTI bundling is configured and CURRENT_TX_NB modulo TTI_BUNDLE_SIZE != 0:

-
generate a transmission as described below.

NOTE:
When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer.

NOTE:
When a non-adaptive retransmission does not take place due to the occurrence of a measurement gap or a blank subframe, the last received HARQ feedback for this HARQ process is the the feedback corresponding to the preceding transmission.

To generate a transmission, the HARQ process shall:

-
instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-
increment CURRENT_IRV by 1;

-
if there is a measurement gap or a blank uplink subframe at the time of the feedback reception for this transmission, consider the feedback coinciding with the measurement gap or blank subframe to be a HARQ ACK i.e the "last received feedback" for a retransmission of this HARQ process will be considered as a HARQ ACK.

The HARQ process shall:

-
if CURRENT_TX_NB = maximum number of transmissions - 1:

-
flush the HARQ buffer;

The HARQ process may:

-
if CURRENT_TX_NB = maximum number of transmissions - 1; and

-
if the last feedback received (i.e., the feedback received for the last transmission of this process) is a HARQ NACK except for the transmission of a MAC PDU stored in the [Message3] buffer:

-
notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs failed.

[…]
5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to monitor the PDCCH discontinuously. DRX operation is based on a Long DRX cycle, a DRX Inactivity Timer, a HARQ RTT Timer, a DRX Retransmission Timer and optionally a Short DRX Cycle and a DRX Short Cycle Timer, all defined in subclause 3.1.

When a DRX cycle is configured, the Active Time includes the time while: 

-
the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention Resolution Timer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI or Temporary C-RNTI of the UE has not been received after successful reception of a Random Access Response (as described in subclause 5.1.4).

When DRX is configured, the UE shall for each subframe:

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (Short DRX Cycle) = DRX Start Offset; or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (Long DRX Cycle) = DRX Start Offset:

-
start the On Duration Timer.

-
if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded:

-
start the DRX Retransmission Timer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received:

-
stop the On Duration Timer;

-
stop the DRX Inactivity Timer.

-
if the DRX Inactivity Timer expires or a DRX Command MAC control element is received in this subframe:

-
if the short DRX cycle is configured:

-
start or restart the DRX Short Cycle Timer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if the DRX Short Cycle Timer expires in this subframe:

-
use the long DRX cycle.

-
during the Active Time, for a PDCCH-subframe except if the subframe is required for uplink transmission for half-duplex FDD UE operation and except if the subframe is blank or part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the DRX Retransmission Timer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart the DRX Inactivity Timer.

-
when not in active time, CQI/SRS/PMI/RI shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.

