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1. 
Introduction 
During RAN2#102 the need for informing the UE about any change of positioning SIBs has been discussed [1]. A multiple company contribution proposed the following [2]:
(a)
Introduce modification/update period for each assistance data type (i.e. Positioning SIB) in Scheduling Information.

(b)
UE can acquire the updated Positioning SIBs at least once in each modification period.

(c)
For slowly changing SIBs, the eNB can inform UE by the value tag or a paging message indicating whether the concerning SIB has changed. And during the assistance data modification/update period the value tag is not allowed to change.

In particular, the following additions were proposed for SIB1 [2]:
Pos-SchedulingInfo-r15 ::=
SEQUENCE {

pos-si-Periodicity-r15



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

pos-sib-MappingInfo-r15



Pos-SIB-MappingInfo-r15,


pos-SystemInfoValueTagSI-r15

INTEGER(0..15)



OPTIONAL
-- Need OP

pos-si-ModificationPeriod-r15       ENUMERATED {s1, s2, s5, s10, s15, s60, s3600},


slowVarying-pos-r15




ENUMERATED {true}

OPTIONAL   --NEED OP
}
The pos-SystemInfoValueTagSI is used to indicate if the corresponding positioning SI message has changed content. When something has changed in the SI message, the value tag is increased by one. If not present, the target device assumes that every instance of this SI message contains new information [2]. The pos-SystemInfoValueTagSI is intended for "slowly varying" positioning SI messages.
The pos-si-ModificationPeriod is used to indicate the modification period of the positioning SI messages; value s1 denotes 1 second, s2 denotes 2 seconds, and so on [2].
The slowVarying-pos flag is used to classify positioning SI messages as "slowly varying" or not. The paging message is then used to inform the UE about a "slowly varying" positioning SI message change [2]:
Paging-v15xy-IEs ::=


SEQUENCE {


slowsystemInfomodification-pos-r15
ENUMERATED {true}




OPTIONAL,
--Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

Based on the above summary, the following issues can be observed: 
(1)
Similar to the existing systemInfoValueTagSI for SIBs [3], the pos-SystemInfoValueTagSI for posSIBs indicates a change of a positioning SI message, and not a change of individual posSIBs (assistance data) in an SI message (unlike propsal (a) above). 
(2)
Similar to (1), the slowVarying-pos flag is applicable per SI message, and therefore, does not allow packing "slowly" and "fast" changing posSIBs in a single positioning SI message without creating ambiguity (e.g., GNSS-ReferenceTime and GNSS‑ReferenceLocation in a single positioning SI message). 

(3)
The classification of positioning SI messages into "slow" and "fast" changing is rather subjective and may depend on application and use case (i.e., deployment). 
(4)
In case of segmented posSIBs, the handling of pos-SystemInfoValueTagSI and pos-si-ModificationPeriod is ambiguous/unspecified. For example, the current definition of pos-SystemInfoValueTagSI implies that the value tag would change for each SI message containing a posSIB segment, which would create ambiguities in case of posSIBs with 15 or more segments (proposed value range of pos‑SystemInfoValueTagSI). Similar, the pos‑si‑ModificationPeriod is ambiguous in case the positioning SI message includes multiple segmented posSIBs, where each posSIB requires a different total number of segments. While the ambiguities could be removed with more precise definitions that might also partially overcome these problems, it will not be possible using just a single tag value and modification period for a whole positioning SI message to indicate to a UE when individual posSIBs will be or have been updated.
(5)
If the pos-SystemInfoValueTagSI is not present in Pos-SchedulingInfo, the target device assumes that every instance of this SI message contains new information (as per [2]). However, this contradicts the (mandatory present) pos-si-ModificationPeriod.
(6) The pos-si-ModificationPeriod is in units of (integer) seconds. It is unclear from which origin the seconds shall be counted. The positioning SI message may be transmitted a number of times with the same content within a positioning modification period. A change in positioning SI message content may happen at a next modification period. Since there is an undefined relation between pos-si-Periodicity (in units of radio frames) and pos‑si‑ModificationPeriod (in units of seconds), it is unclear at which modification boundary (seconds) new positioning SI message content is expected.
(7)
The positioning SI messages are determined at the E-SMLC. E.g., the E-SMLC obtains the data from a GNSS reference network, encodes and possibly ciphers the data, and transfers the data to eNB’s via LPPa for broadcast in positioning SI messages. Therefore, there may be complications due to varying update times at the E-SMLC, delay in transfer to an eNB and eNB processing that will make exact forecasting of SI modification difficult.
(8)
Sending paging messages because of a change of positioning SI also affects UEs which do not support positioning, or do not support the particular positioning method or mode, or UEs currently not interested in receiving updated positioning SI messages. It also unneccesarily affects UEs which indeed do support the particular positioning SI message content, but do not have a valid subscription/ciphering key to decode the data. 
To overcome the above issues, the solution in section 2 below is proposed.

2. 
Proposal 

The functionality of the pos-si-ModificationPeriod can be more efficiently implemented using a posSIB validity time (similar to the existing si-ValidityTime [3], but applicable per posSIB). This has several advantages:
(a)
The update periodicity can be indicated per posSIB type (assistance data element), as opposed to per positioning SI message.

(b)
The UE can acquire the periodicity information only for those posSIB types it is interested in, as opposed to all scheduled positioning SI messages.
(c)
The received/stored validity time per posSIB can still be applicable after a cell change (at least for cells belonging to the same tracking area).
(d)
There is no mismatch between pos-si-Periodicity (radio frames) and pos-si-ModificationPeriod (seconds). Note, to solve this mismatch the use of a hyper-SFN would be needed to cover larger modification periods (as currently specified for the BL UEs and UEs in CE [3, section 5.2.1.3]. But a hyper-SFN is typically not available for normal UEs). 
(e)
The update period (validity time) could be time varying (changing at the next update period), e.g., due to uncertainties in prediction of an exact modification period.
(f)
The specification would be included in the AssistanceDataSIBelement in LPP, and therefore, has no additional RRC and LPPa impacts (and therefore, no additional eNB impacts). 
The functionality of the pos-SystemInfoValueTagSI could also be more efficiently implemented and applicable per posSIB type (as opposed to per positioning SI message segment) without RRC and LPPa impacts. Each posSIB (AssistanceDataSIBelement) could include a counter (i.e., value tag) that allows a UE to see if a posSIB included in a positioning SI message has changed. In case of octet string segmentation, the value tag needs to be included only in the first posSIB segment.
The UE may use the validity time of the desired posSIBs to determine when to read the next positioning SI message containing the posSIB(s) of interest. The UE could use the value tag to determine whether an update has occurred without having to read, possibly decipher and process the entire posSIB when there is no update. As mentioned above, this does not impact RRC and LPPa (and therefore eNB’s) and does not add additional UE processing compared to the SIB1 solution proposed in [2] (and summarized in section 1 above), as will be further discussed in section 2.1 below. Also, it allows the UE to look for update information only for those posSIBs (assistance data) it is interested in (and not for all posSIBs scheduled). And since all required parameters are determined at the E-SMLC, it is also more robust to any unpredictable/unforeseen delays in transfer of the data to an eNB and eNB processing delays. 

The above could be implemented in LPP as follows:
–
AssistanceDataSIBelement
The IE AssistanceDataSIBelement is used in the IE PositioningSystemInformationBlockType as specified in TS 36.331 [12].

-- ASN1START

AssistanceDataSIBelement-r15 ::= SEQUENCE {

valueTag-r15





INTEGER (0..63)







OPTIONAL,

validityTime-r15




ValidityTime-r15






OPTIONAL,

cipheringKeyData-r15



CipheringKeyData-r15 





OPTIONAL,


segmentationInfo-r15



SegmentationInfo-r15





OPTIONAL,


assistanceDataElement-r15


OCTET STRING,


...

}
ValidityTime-r15 ::= SEQUENCE {


startTime-r15





UTCTime,


duration-seconds-r15



INTEGER (1..60)







OPTIONAL,


duration-minutes-r15



INTEGER (1..60)







OPTIONAL,


duration-hours-r15




INTEGER (1..256)






OPTIONAL,


...

}
CipheringKeyData-r15 ::= SEQUENCE {


cipherSetID-r15 




INTEGER (0..65535),


d0-r15 







BIT STRING (SIZE (1..128)),


...

}

SegmentationInfo-r15 ::= SEQUENCE {


segmentationOption-r15



ENUMERATED {pseudo-seg, octet-string-seg},


assistanceDataSegmentType-r15

ENUMERATED {notLastSegment, lastSegment},


assistanceDataSegmentNumber-r15

INTEGER (0..63),


...

}

-- ASN1STOP

	AssistanceDataSIBelement field descriptions

	valueTag
This field is used by the target device to identify any changes in the AssistanceDataSIBelement. The valueTag counter is incremented by one by the location server every time a new AssistanceDataSIBelement (with changed content) is provided to the eNB for broadcasting (see 3GPP TS 36.455 [x]). In case of octet-string-segmentation (i.e., if segmentationOption is included and indicates ‘octet-string-seg’), the location server may include the valueTag only in the AssistanceDataSIBelement which includes the first segment of the assistanceDataElement.

	validityTime

This field indicates the validity time of the AssistanceDataSIBelement and comprises the following subfields:

-
startTime indicates the UTC start time of the validity period in the form of "YYMMDDhhmm[ss]Z. 
-
duration-seconds, duration-minutes, duration-hours indicates the validity time of the AssistanceDataSIBelement. The target device considers the received AssistanceDataSIBelement to be valid from the startTime for the duration of the sum of duration-seconds, duration-minutes, and duration-hours. The value 256 hours indicates a validity time greater than 256 hours. If the IE ValidityTime is included, at least one of the fields duration-seconds, duration-minutes, or duration-hours shall be present. The target device may use this information to determine when to read the corresponding positioning SI messages.

In case of a segmented assistanceDataElement (i.e, if segmentationOption is included) the location server may include the validityTime only in the first segment.

	cipheringKeyData

If present, indicates that the assistanceDataElement octet string is ciphered.

	segmentationInfo

If present, indicates that the assistanceDataElement is one of many segments.

	assistanceDataElement

The assistanceDataElement OCTET STRING depends on the pos-sib-type and is specified in Table 7.2-1. NOTE.

	cipherSetID 

This field identifies a cipher set comprising a cipher key value and the first component C0 of the initial counter C1.

	d0

This field provides the second component for the initial ciphering counter C1. This field is defined as a bit string with a length of 1 to 128 bits. A target device first pads out the bit string if less than 128 bits with zeroes in least significant bit positions to achieve 128 bits. C1 is then obtained from D0 and C0 (defined by the cipherSetID) as:

C1 = (D0 + C0) mod 2128 (with all values treated as non-negative integers).

	segmentationOption

Indicates the used segmentation option. 

	assistanceDataSegmentType

Indicates whether the included assistanceDataElement segment is the last segment or not.

	assistanceDataSegmentNumber

Segment number of the assistanceDataElement segment. A segment number of zero corresponds to the first segment, one corresponds to the second segment, and so on. Segments numbers wraparound should there be more than 64 segments


NOTE: 
For example, if the pos-sib-type in IE Pos-SIB-Type defined in TS 36.331 [12] indicates ‘posSibType1-7’, the assistanceDataElement OCTET STRING includes the LPP IE GNSS‑RTK‑AuxiliaryStationData.

2.1
Sequence of UE operation

The solution outlined in section 2 above has only LPP impacts and has more flexibility (e.g., allows change indication per assistance data element, more possible values for the update period, etc.), whereas the solution proposed in [2] would impact RRC (and potentially LPPa). However, the UE processing is essentially the same in both solutions as can be seen by considering the structure of a posSIB: 
PositioningSystemInformationBlockType: 

assistanceDataSIBelement: OCTET STRING {
valueTag: INTEGER

validityTime: SEQUENCE

cipheringKeyData: SEQUENCE 

segmentationInfo: SEQUENCE

assistanceDataElement: OCTET STRING {
LPP Assistance Data Segment }
} 
Note, the actual assistance data is included in two nested OCTET STRINGs. With the proposal in section 2 above, the typical sequence of UE operation comprises:

(1)
The UE acquires the Pos-SchedulingInfoList-r15 in SIB1. From this the UE knows which posSIBs are available and when the posSIBs are scheduled. The UE also knows which posSIBs are ciphered, and can check whether it has a valid subscription or ciphering key.
Considering the UE capabilities, the target use case, and the UE subscription, a UE may typically be interested in (or can receive) only a sub-set of the available assistance data at a particular time. 
(2)
The UE acquires the positioning SI message(s) containing the currently desired assistance data IEs (posSIBs). Each positioning SI message includes one or more PositioningSystemInformationBlockType-r15 IEs which however includes just the assistanceDataSIBelement-r15 OCTET STRING. 
(3)
The UE ASN.1 decodes the AssistanceDataSIBelement-r15 OCTET STRING and obtains:
(a) Control information (if included):

-
valueTag-r15;

-
validityTime-r15;

-
cipheringKeyData-r15;

-
segmentationInfo-r15, and
(b) the assistanceDataElement-r15 OCTET STRING.
(4)
The UE checks the control information including the valueTag and/or validityTime to determine whether to proceed with deciphering and decoding of the assistanceDataElement-r15, which is the 2nd OCTET STRING in the overall posSIB. If the valueTag has not changed, and/or the validityTime has not expired (and/or the UE has no ciphering key), the UE stops the processing. Otherwise, the UE performs steps (5) and (6).
(5) The UE deciphers the assistanceDataElement‑r15 OCTET STRING (possibly after assembling all segments in case of octet string segmentation).

(6)
The UE ASN.1 decodes the deciphered OCTET STRING and processes the received assistance data fields. 
Steps (5) and (6) need only occur when the valueTag IE (or validityTime IE if the valueTag IE is not present) indicates that a posSIB of interest has changed (or is about to change). Steps (2), (3) and (4) need only occur when the validityTime IE (if included) for a previously acquired posSIB of interest indicates that a change to the posSIB is imminent. The most processor intensive steps above are steps (5) and (6) due to performing ASN.1 decoding and possibly deciphering of an entire posSIB segment. However, these steps need only occur when absolutely necessary. The less processor intensive steps (2), (3) and (4) above need only occur when a change to posSIB content is imminent, and thus possibly with a few unnecessary iterations according to how a UE is implemented and how precisely a location server is able to indicate the validity time.
In contrast, the proposal in [2] can only indicate to a UE when an entire positioning SI message has changed (via the pos-SystemInfoValueTagSI IE) or is about to change (via the pos-si-ModificationPeriod IE). This may result in many unnecessary iterations of steps (5) and (6) when posSIBs of interest to a UE have not changed. 
3. 
Summary

This contribution discussed the modification of positioning SIBs, based on the proposals made in [2]. Several issues with the proposal in [2] have been identified and a more efficient implementation of the proposals in [2] without additional RRC, LPPa and eNB impacts is proposed in this contribution. A corresponding CR to LPP is provided in [5].
Proposal:


Agree the CR provided in [5].
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