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Discussion and decision
1 Introduction
In this contribution we discuss some issues with regards to Positioning SI message scheduling for eMTC (BL UE or UE in CE).
2 Discussion
2.1 Missing scheduling restrictions 
The Rel-15 WI on “UE Positioning Accuracy Enhancements for LTE” [1] targeted both Normal UEs and BL UEs, and with regards to broadcasting GNSS and OTDOA positioning assistance information the field posSchedulingInfoList-r15 was introduced in SystemInformationBlockType1 and SystemInformationBlockType1-BR. However, there are following issues with regards to Positioning SI message scheduling for eMTC (BL UE or UE in CE):
In case SystemInformationBlockType1-BR is scheduled, restrictions to the scheduling of SI messages apply given by schedulingInfoList-BR-r13 within bandwidthReducedAccessRelatedInfo-r13 IE, see [2]: 
· si-Narrowband-r13: index of a narrowband used to broadcast the SI message towards BL UEs and UEs in CE.
· si-TBS-r13: transport block size used to broadcast the SI message towards BL UEs and UEs in CE.

SystemInformationBlockType1-v1310-IEs ::=
SEQUENCE {


hyperSFN-r13







BIT STRING (SIZE (10))
OPTIONAL,
-- Need OR


eDRX-Allowed-r13






ENUMERATED {true}

OPTIONAL,
-- Need OR


cellSelectionInfoCE-r13




CellSelectionInfoCE-r13
OPTIONAL,
-- Need OP


bandwidthReducedAccessRelatedInfo-r13
SEQUENCE {



si-WindowLength-BR-r13




ENUMERATED {














ms20, ms40, ms60, ms80, ms120,














ms160, ms200, spare},



si-RepetitionPattern-r13



ENUMERATED {everyRF, every2ndRF, every4thRF,
















every8thRF},



schedulingInfoList-BR-r13



SchedulingInfoList-BR-r13  OPTIONAL,-- Cond SI-BR


fdd-DownlinkOrTddSubframeBitmapBR-r13
CHOICE {




subframePattern10-r13




BIT STRING (SIZE (10)),




subframePattern40-r13




BIT STRING (SIZE (40))



}















OPTIONAL,
-- Need OP



fdd-UplinkSubframeBitmapBR-r13


BIT STRING (SIZE (10))
OPTIONAL,
-- Need OP



startSymbolBR-r13





INTEGER (1..4),



si-HoppingConfigCommon-r13



ENUMERATED {on,off},



si-ValidityTime-r13





ENUMERATED {true}
OPTIONAL,

-- Need OP



systemInfoValueTagList-r13



SystemInfoValueTagList-r13
OPTIONAL -- Need OR


}















OPTIONAL,-- Cond BW-reduced

nonCriticalExtension





SystemInformationBlockType1-v1320-IEs
OPTIONAL

}
SchedulingInfoList-BR-r13 ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo-BR-r13

SchedulingInfo-BR-r13 ::=
SEQUENCE {


si-Narrowband-r13

INTEGER (1..maxAvailNarrowBands-r13),


si-TBS-r13



ENUMERATED {b152, b208, b256, b328, b408, b504, b600, b712, b808, b936}

}
	schedulingInfoList-BR
Indicates additional scheduling information of SI messages for BL UEs and UEs in CE. It includes the same number of entries, and listed in the same order, as in schedulingInfoList (without suffix).


	Conditional presence
	Explanation

	BW-reduced
	The field is optional present, Need OR, if schedulingInfoSIB1-BR in MIB is set to a value greater than 0. Otherwise the field is not present.

	SI-BR
	The field is mandatory present if schedulingInfoSIB1-BR is included in MIB with a value greater than 0. Otherwise the field is not present.


Currently, the restrictions given by schedulingInfoList-BR-r13 have been specified only for schedulingInfoList (without suffix), see field description of schedulingInfoList-BR-r13. However, the scheduling restrictions apply for posSchedulingInfoList-r15 as well. But then there is another issue to solve: the number and order of entries in schedulingInfoList-BR-r13 are tied to the number and order of entries in schedulingInfoList. However, for Positioning we can assume that the number of scheduled Positioning SI messages is independent from the ones in schedulingInfoList. Thus, schedulingInfoList-BR-r13 cannot be made applicable for Positioning SI messages. In order to solve the issues, we identified the following options (list of options may not exhaustive):

· Option 1: Introduce a non-critical extension of PosSchedulingInfoList-r15 for adding the missing scheduling restrictions for BL UEs and UEs in CE. Below an example is shown how this option can be realized in ASN.1, see highlighted part in red font color.
· Option 2: Specify a default narrowband and TBS to be used for broadcasting Positioning SI messages towards BL UEs and UEs in CE.
PosSchedulingInfoList-r15 ::= SEQUENCE (SIZE (1..maxSI-Message)) OF PosSchedulingInfo-r15

PosSchedulingInfo-r15 ::=
SEQUENCE {


posSI-Periodicity-r15

ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},


posSIB-MappingInfo-r15

PosSIB-MappingInfo-r15

}
PosSchedulingInfoList-v15xy ::= SEQUENCE (SIZE (1..maxSI-Message)) OF PosSchedulingInfo-v15xy

PosSchedulingInfo-v15xy ::=
SEQUENCE {


si-Narrowband-r15
INTEGER (1..maxAvailNarrowBands-r13),


si-TBS-r15



ENUMERATED {b152, b208, b256, b328, b408, b504, b600, b712, b808, b936}

}

Based on above discussion, we suggest the following:

Proposal 1: Discuss the options for specifying the missing scheduling restrictions for Positioning SI messages in eMTC.
2.2 SI-window starting subframes 
SI message scheduling enhancement for positioning was introduced in 5.2.3 (for normal UEs) and 5.2.3a (for BL UE or UE in CE or a NB-IoT UE) in [2] by the R15 CR3596r4 [3]. However, in 5.2.3a the SI-window starting subframes have been specified differently depending on whether si-posOffset is configured or not:

· In case si-posOffset is not configured, the SI-window for the concerned SI message starts at the subframe #0.

· In case si-posOffset is configured, the SI-window for the concerned SI message starts at the subframe #a, where a = x mod 10.
<Start of reference>

When acquiring an SI message, the BL UE or UE in CE or NB-IoT UE shall:

1>
determine the start of the SI-window for the concerned SI message as follows:

2>
if the concerned SI message is configured in the schedulingInfoList, schedulingInfoListExt (if present) or if the concerned SI message is configured in the posSchedulingInfoList and si-posOffset is not configured;

3>
for the concerned SI message, determine the number n which corresponds to the order of entry in the concatenated list of SI messages configured by schedulingInfoList, schedulingInfoListExt (if present) in SystemInformationBlockType1-BR (or SystemInformationBlockType1-NB in NB-IoT) and posSchedulingInfoList in SystemInformationBlockType1-BR;

3>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength-BR (or si-WindowLength in NB-IoT);

2>
else if the concerned SI message is configured by the posSchedulingInfoList and si-posOffset is configured determine the start of the SI-window for the concerned SI message as follows:

3>
determine the number m which corresponds to the number of SI messages with an associated si-Periodicity of 8 radio frames (80 ms), configured by schedulingInfoList and schedulingInfoListExt (if present) in SystemInformationBlockType1-BR;

3>
for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by posSchedulingInfoList in SystemInformationBlockType1-BR;

3>
determine the integer value x = m*w + (n – 1)*w, where w is the si-WindowLength-BR;
3>
the SI-window starts at the subframe #a, where a = x mod 10, in the radio frame for which SFN mod T = FLOOR(x/10) + 8, where T is the si-posPeriodicity of the concerned SI message;
2>
if the UE is a NB-IoT UE:

3>
the SI-window starts at the subframe #0 in the radio frame for which (H-SFN * 1024 + SFN) mod T = FLOOR(x/10) + Offset, where T is the si-Periodicity of the concerned SI message and, Offset is the offset of the start of the SI-Window (si-RadioFrameOffset);

2>
else:

3>
the SI-window starts at the subframe #0 in the radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;
<End of reference>
We think that in case si-posOffset is configured, the Positioning SI-window should start at the subframe #0 as well considering the characteristics of SI message scheduling for eMTC:
· No dynamic scheduling of SI transmission is applied in bandwidth reduced operation.
· The set of subframes to be used for DL transmissions for BL/CE UEs can be explicitly and cell-specifically broadcasted by the eNB via SIB1-BR using the field fdd-DownlinkOrTddSubframeBitmapBR.

· New SI window lengths (si-WindowLength-BR-r13) in the range 20ms to 200ms were specified (compared to legacy SI window lengths in the range 1ms to 40ms).
· Within the SI window, SI repetition (si-RepetitionPattern-r13) is applied for SI message transmission.
· BL UE and UE in CE receives/accumulates SI message transmissions within the si-Narrowband until successful decoding of the accumulated SI message transmissions.
In Figure 1 an example of SI message transmission in eMTC is shown where an SI-1 message is sent 3 times within the SI-window and the UE may need 3 SI-window message transmissions to successfully decode the accumulated SI-1 message.
Proposal 2: In case si-posOffset is configured for SI messages in posSchedulingInfoList, the SI-window starts at the subframe #0.
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Figure 1: Example of SI message transmission in eMTC
3 Conclusion

In this contribution we have discussed some issues with regards to Positioning SI message scheduling for eMTC and made the following proposals:
Proposal 1: Discuss the options for specifying the missing scheduling restrictions for Positioning SI messages in eMTC.

Proposal 2: In case si-posOffset is configured for SI messages in posSchedulingInfoList, the SI-window starts at the subframe #0.
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