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1. Background

There have been contributions both in RAN4 and RAN1 in the past that have led to the conclusions that: 

1. PRS muting is necessary at least for lower bandwidths in partially-aligned (asynchronous) network deployments (for example, see [3], [4]).
2. PRS muting is extremely useful even in the synchronous larger cell deployments such as Case 3 where cell radius = 1 km or larger ([5], [2]). 
Two types of PRS muting were discussed in RAN1.

i) PRS muting with complete signaling support (either through explicit signaling of eNB muting patterns or through a PCID-dependent muting pattern)

ii) eNB autonomous muting of PRS

Autonomous muting is implicitly allowed by TS 36.213 though it is nowhere referenced in the specification.
In [1], several problems associated with UE handling of PRS autonomous muting have been identified. The issues primarily arise from the fact that a Rel-9 UE will have to implement complex buffering and measurement combining rules if it must handle autonomous muting and provide hearability benefits. In this contribution, we demonstrate that hearability benefits can be achieved without the network implementation of autonomous muting feature and without any additional LPP signaling.
2. Time-Offset Transmission of PRS
At present, the LPP specification [6] allows for signaling of the information element prsInfo (see Annex A for an extract from [6]) on a per-PCID basis. The element prsInfo contains both 

· the time re-use pattern (i.e., subframe offset and periodicity of PRS occasions), and
· NPRS or the number of DL subframes configured for PRS transmission in each PRS occasion.

If the network has PRS capability, from [6], it is clear that the assistance data must include (mandatory) prsInfo for each cell in the neighbor cell list. This means that both the time-reuse pattern and NPRS can be configured independently for each cell without any coordination although, network coordination is necessary to ensure that PRS design provides hearability enhancement. 

Consider a synchronous network where the cells coordinate in such a way that NPRS = 2 for all cells and PRS subframes are time offset as shown in Figure 1.
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Figure 1 – Cells time offset PRS subframes 
When Cell 1 transmits PRS, Cell 2 and Cell 3 have low interference subframes (LIS) configured in such a way that either no PDSCH is transmitted or PDSCH is transmitted on only a few RBs in those subframes. Since the assistance data to the UE indicates that NPRS = 2 for Cell 1, the UE must measure PRS only on subframes 3 and 4 and the resulting measurement clearly benefits from the improved PRS SINR if Cell 2 and Cell 3 transmit LIS in those subframes. It can be noted that there is no need for the UE to know that Cell 2 and Cell 3 have configured LIS on subframes 3 and 4, as the PRS SINR and resulting measurement are improved regardless.

Similar observations hold for PRS measurements for Cell 2 and Cell 3 if this coordination scheme is used. This means that an additional time re-use factor of 3 can be achieved by time-offsetting transmission of PRS in this manner (TDM-ed transmission in this particular example). No additional LPP signaling is necessary relative to what is already available in the March 2010 ASN.1. The UE capability can be further tested by means of RAN5 test compliance to ensure that UEs measure PRS only over the configured NPRS = 2 subframes. Also, in terms of PRS overhead, this scheme is equivalent to a network configuration where NPRS = 6 and all PRS subframes from all cells completely overlap. 
To exemplify this further as a network coordination method, the set of 504 PCIDs can be subdivided into M groups where each cell in the j-th group transmits PRS on NPRS = N subframes and uses a PRS subframe offset equal to (j-1)N subframes relative to some arbitrary time reference. This leads to a time re-use factor equal to M and a total time-frequency reuse factor of 6M. Put another way, if the network coordinates PRS transmission this way, for any PCID, there are at most ceil(504/(6M)) other PCIDs that overlap both in frequency and in time.
In Annex B, we show the time offsetting can lead to somewhat more general schemes as compared to the simple TDM scheme shown in Figure 1. For the inter-frequency RSTD measurements, the active measurement duration is 5 ms per gap. By restricting the time span covering the PRS and LIS subframes in each PRS occasion to the active measurement duration, these schemes can be deployed for inter-frequency RSTD measurements as well. 
3. Simulation Results

Simulation results from past RAN1 investigations can provide some insight on the gains of the time offsetting. For example, in [8] and [9] it was shown that transmitting 1 or 2 subframes out of 3 provides sufficiently high performance positioning performance. In these contributions, the UE position estimate was determined based on observations over at most 3 occasions. Time offsetting method performs as well as or better than the schemes in these examples as the results in these contributions were generated with reference signal transmission on much fewer symbols (3 or 4 OFDM symbols per occasion) than what is currently possible with PRS (e.g., 9, 18, etc. OFDM symbols per occasion).
4. Discussion

The deployment of autonomous muting is likely completely unnecessary if PRS subframes are time offset in a coordinated manner as described in Figure 1 and in Annex B . Furthermore, the PRS subframes can be offset as required without any new signaling relative to that already available in the March 2010 ASN.1 freeze. 

It can be argued that the time-offset PRS transmissions (as outlined here) may not be optimal as the PRS subframes must be configured consecutively due to ASN.1 signaling limitations, and thus arbitrary muting patterns are not allowed. However, this limitation can be addressed by increasing the time reuse factor M (e.g., M can be arbitrarily large) at a relatively small cost of overhead increase. 
The benefits of network muting outlined in Section 1 can be achieved with the method outlined in this contribution without any need for implementation of autonomous muting. Thus, it seems that the autonomous muting feature is redundant as a network hearability enhancement. As noted here and elsewhere, the implementation of autonomous muting will significantly increase the UE complexity associated with PRS measurement and the combining of these measurements due to the fact that the eNB muting behavior is entirely unpredictable.  Furthermore, without specification of the eNB muting behavior, it is quite difficult to set performance requirements for the UE. 

If UEs must support autonomous muting and meet tighter RSTD accuracy requirements under autonomous muting, it should first demonstrated that autonomous muting can provide network-wide benefits that coordination methods such as the ones discussed in this contribution (that can be entirely supported within the confines of the existing LPP specification) cannot. In the absence of such evidence, the autonomous muting feature should be removed from the Rel-9 specification.

5. Conclusion

In this contribution, we demonstrate that the existing ASN.1 signaling can be made use of to achieve the benefits of network muting by means of time offset transmission of PRS. This capability essentially renders the autonomous muting feature redundant. Keeping in mind that specifying RAN4 performance requirements for autonomous muting is difficult and the fact that this feature leads to a complex UE implementation requirement, RAN4 should consider asking RAN1 to disable this feature.
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7. Annex A

Extract from [6].
OTDOA Positioning

6.5.1.1
OTDOA Assistance Data

–
OTDOA-ProvideAssistanceData
The IE OTDOA-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑assisted downlink OTDOA. 

-- ASN1START

OTDOA-ProvideAssistanceData ::= SEQUENCE {


otdoa-ReferenceCellInfo


OTDOA-ReferenceCellInfo,


otdoa-NeighbourCellInfo


OTDOA-NeighbourCellInfoList,


...

}

-- ASN1STOP

6.5.1.2
OTDOA Assistance Data Elements

–
OTDOA-ReferenceCellInfo
The IE OTDOAReferenceCellInfo is used by the location server to provide reference cell information for OTDOA assistance data. The slot number offsets and expected OTDOAs in OTDOANeighbourCellInfoList are provided relative to the cell defined by this IE.
-- ASN1START

OTDOA-ReferenceCellInfo ::= SEQUENCE {


physCellId




INTEGER (0..503),


cellGlobalId



ECGI
OPTIONAL,


prsInfo





PRS-Info




OPTIONAL,

-- Cond PRS


...


}

-- ASN1STOP

	Conditional presence
	Explanation

	PRS
	The field is mandatory present if positioning reference signals are available in the network [14]; otherwise it is not present. 


	OTDOA-ReferenceCellInfo field descriptions

	physCellId 

This field specifies the physical cell identity of the reference cell for the OTDOA assistance data, as defined in [13].

	cellGlobalId

This field specifies the ECGI, the globally unique identity of a cell in E-UTRA, of the reference cell for the OTDOA assistance data, as defined in [13].

	prsInfo

This field specifies the PRS configuration.


PRSInfo information element
-- ASN1START

PRS-Info ::= SEQUENCE {


prs-Bandwidth


TBD,


prs-ConfigurationIndex
INTEGER (0..4095),


numDL-Frames



ENUMERATED { 1sf, 2sf, 4sf, 6sf, ... },


...

}

-- ASN1STOP

	PRSInfo field descriptions

	prs-Bandwidth

This field specifies the bandwidth that is used to configure the positioning reference signals on. 

	prs-ConfigurationIndex

This field specfies the positioning reference signals configuration index IPRS as defined in [14].  The range of this field is FFS pending confirmation from RAN4.

	numDL-Frames

This field specifies the number of consecutive downlink subframes NPRS with positioning reference signals, as defined in [14]. Enumerated values define 1, 2, 4, or 6 consecutive subframes.


–
OTDOA-NeighbourCellInfoList
The IE OTDOA-NeighbourCellInfoList is used by the location server to provide neighbour cell information for OTDOA assistance data. The OTDOA-NeighbourCellInfoList is sorted according to best measurement geometry at the a‑priori location estimate of the target device. I.e., the target device is expected to provide measurements in increasing neighbor cell list order (to the extent that this information is available to the target device).

Editor’s Note: The inclusion of EARFCN is FFS pending input from RAN4.

-- ASN1START

-- The upper limit of 64 is FFS pending RAN4 input

OTDOA-NeighbourCellInfoList ::= SEQUENCE (SIZE (1..64)) OF OTDOA-NeighbourCellInfoElement
OTDOA-NeighbourCellInfoElement ::= SEQUENCE {

physCellId






INTEGER (0..503),


cellGlobalId





ECGI



OPTIONAL,


earfcn







ARFCN-ValueEUTRA
OPTIONAL,

-- Need ON


cpLength






ENUMERATED { normal, extended, ... } 
















OPTIONAL,

-- Cond NotSameAsRef1


prsInfo







PRSInfo



OPTIONAL,

-- Cond PRS


antennaPortConfig




ENUMERATED {1-or-2-ports, 4-ports, ... }
















OPTIONAL,  

-- Cond NotsameAsRef2


slotNumberOffset




INTEGER(0..31)

OPTIONAL,

-- Cond NotSameAsRef3


expectedRSTD





TBD


expectedRSTD-Uncertainty


TBD


...

}

-- ASN1STOP

	Conditional presence
	Explanation

	NotsameAsRef1
	The field is mandatory present if the cyclic prefix length is not the same as for the reference cell; otherwise it is not present.

	NotsameAsRef2
	The field is mandatory present if the antenna port configuration is not the same as for the reference cell; otherwise it is not present.

	NotsameAsRef3
	The field is mandatory present if the slot timing is not the same as for the reference cell; otherwise it is not present.

	PRS
	The field is mandatory present if the neighbour cell transmits positioning reference signals; otherwise it is not present.


	OTDOA-NeighbourCellInfoList field descriptions

	physCellId

This field specifies the physical cell identity of the neighbour cell for the OTDOA assistance data, as defined in [13].

	cellGlobalId

This field specifies the ECGI, the globally unique identity of a cell in E-UTRA, of the neighbour cell for the OTDOA assistance data, as defined in [13].

	earfcn

This field should be provided when the neighbour cell being described is not on the UE’s serving frequency.

	cpLength

This field specifies the cyclic prefix length of the neigbour cell PRS. If this field is absent, the cyclip prefix length is the same as for the reference cell.

	antennaPortConfig

This field specifies whether 1 (or 2) antenna port(s) or 4 antenna ports for cell specific reference signals are used.

If this field is absent, the cell specific reference signals are transmitted on the same antenna port(s) as the reference cell.

	slotNumberOffset

This field specifies the slot number offset between this neighbour cell and the reference cell. If this field is absent, the slot timing is the same as for the reference cell.

	expectedRSTD

This field indicates the RSTD value that the target device is expected to measure between this cell and the reference cell in OTDOAReferenceCellInfo. The resolution is TBD, in the range between TBD and TBD.

	expectedRSTD-Uncertainty

This field indicates the uncertainty in expectedRSTD value. The uncertainty is related to the location server’s a‑priori estimation of the target device location. The expectedRSTDUncertainty defines the following search window for the target device:

[expectedRSTD expectedRSTD-Uncertainty] < measured RSTD < 

[expectedRSTD expectedRSTD-Uncertainty]  


8. Annex B

More generally, the network can coordinate PRS transmission in such a way that it partitions the eNBs into several distinct groups. In the example in Figure 2, four muting groups are defined (in a manner consistent with measurement gap requirements) with each group offset from the next by 160 msec. The eNBs from each group transmit PRS once every TPRS = 640 ms while the eNBs from the other three groups configure LIS on those subframes. Such an implementation can be used to decrease PRS overhead when NPRS = 1 must be used.  A similar configuration with four muting groups is shown in Figure 3.  In this example, the PRS transmissions of Group 3 and 4 are offset by 160 msec relative to the PRS transmission of Groups 1 and 2.  The PRS transmission of Group 2 is offset by 1 subframe relative to Group 1, while the PRS transmission of Group 4 is offset by 1 subframe relative to Group 3.  Many other permutations of this method are possible, and none require autonomous PRS muting detection by the UE.
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Figure 2 – Cells time offset PRS subframes
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Figure 3 – Cells time offset PRS subframes
Figure 4 shows the same scheme as in Figure 1 but with four time offset muting groups so that M = 4.
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Figure 4 – Cells time offset PRS subframes
Figure 5 shows a time offsetting scheme where each eNB transmits PRS on NPRS = 2 subframes but in with an overlap of at most one PRS subframe between any two time offset groups. Both M = 3 and M = 5 time offset groups are shown.
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Figure 5 – Cells time offset PRS subframes
