TSG-RAN WG4 Meeting #58 meeting
R4-110804
Taipei, Taiwan, 21 – 25 February, 2011
Agenda Item:    5.7.1
Source:
    LG Electronics 
Title:
    Issues on RSTD measurement for Rel-9
Document for:   Discussion & Decision

1. Introduction
In previous RAN4 meeting, companies have given discussion and provided system level simulation and link level simulation performance for Positioning-RS measurements. However, a few insufficient test parameters and requirements were surfaced. A quick summary of raised issues are as below;
· OTDOA report time ambiguity when Ref cell and neighbor cell have different PRS_info.

· The number of inter-frequency carrier for RSTD measurements

· RSTD measurement accuracy for intra-frequency measurement in the different PRS allocation BW case
In this contribution we analyze the reporting period of TPRS to achieve a correct RSTD reporting time and also we indentified the RSTD measurement accuracy which is defined by the PRS bandwidth.
2. OTDOA report time requirement issue (Issue 1)
According to the LTE Position Protocol (LPP) [1], for a given frequency layer the Positioning Reference Signals (PRS) have the same periodicity (TPRS value), while PRS transmissions in different frequency layer may have a different periodicity. This possibility was agreed in RAN2 as to give operators flexibility in deploying LPP and configuring PRS transmission across the network. This means when making inter-frequency RSTD measurements the UE may need to track up to 3 different TPRS values and make measurements.
As of the latest RRM requirements specification [2], we have indentified an ambiguity issue in the standard. The following a copy of section 8.1.2.6.1 from TS36.133. The analysis also applies to section 8.1.2.6.3 which is the section for TDD.
	8.1.2.6.1

E-UTRAN FDD-FDD Inter-Frequency OTDOA Measurements

When the physical layer cell identities of 
neighbor cells together with the OTDOA assistance data are provided, the UE shall be able to detect and measure inter-frequency RSTD, specified in 3GPP TS 36.214 [4], for at least n=16 cells, including the reference cell, within 
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is the total time for detecting and measuring at least n cells, 
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 is the cell-specific positioning subframe configuration period as defined in 3GPP TS 36.211 [16], 
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 is the number of PRS positioning occasions as defined in Table 8.1.2.6.1-1, where  a PRS positioning occasion is as defined in Section 8.1.2.5.1, and
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 ms is the measurement time for a single PRS positioning occasion which includes the sampling time and the processing time. 

Table 8.1.2.6.1-1: Number of PRS positioning occasions within 
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Positioning subframe configuration period 
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Number of PRS positioning occasions 
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f1 (intra-frequency)

f1 and f2 (inter-frequency)

160 ms

16

32

>160 ms

8

16

Note 1: When inter-frequency RSTD measurements are performed over the reference cell and neighbour cells, which belong to the FDD inter-frequency carrier frequency f2.
Note 2: When inter-frequency RSTD measurements are performed over the reference cell and the neighbour cells, which belong to the serving FDD carrier frequency f1 and the FDD inter-frequency carrier frequency f2 respectively.




The RSTD reporting time requirements are computed based on the fundamental periodicity of the PRS, namely TPRS value. The problem is that in inter-frequency RSTD measurements, up to 3 different TPRS value can exist, and the current specification is ambiguous on which TPRS the requirements should be based on. In order to build inter-operable system and make the specification crystal clear, we provide 4 possible options to resolve this issue.
· Method 1) Always use TRSTD from the reference cell 
· Method 2) Use longest TRSTD of the entire target measurement cells
· Method 3) Define requirements which use TRSTD from the reference cell (TRSTD-REF) and also a second requirement using the longest TRSTD of the target measurement cells (TRSTD-MAX)
· Method 4) Define 3 requirements which use TRSTD corresponding to each frequency layer (e.g. define requirements for each of potential TRSTD values)
To resolve this issue, we have further look into what TPRS values is supported by the specification. In Figure 2-1 we show an example PRS transmission and periodicity for three different frequency layers. From the above equation for
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, the TRSTD is defined by TPRS values. However, the TPRS is defined by reference cell and measurement cell, respectively. In the example the reference cell TPRS value is in between the largest TPRS valued cell and smallest TPRS valued cell. If the time report requirement is based on the smallest TPRS value, which is smaller than the reference cell TPRS value, there is risk of getting smaller number of RSTD samples in which the UE can take measurements from. This is because all the RSTD by definition is a time different between the reference cell and the measurement cell. Only few reference cell PRS samples will fit in within the minimum TRSTD time requirement if the chosen TPRS value used for the requirement is the smallest one. This makes method 1 unattractive, and may cause degradation of PRS measurement performance for certain implementation. Because of this and from the fact that there is only maximum of 3 TPRS value, we prefer to make the specification clear by using method 2 which define the TPRS value used to derive the RSTD time requirement to be the largest (maximum) TPRS value of the all the measurement set the UE is configured for.
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Figure 2- 1. Example PRS transmission and periodicity for different frequency layer
Method 3 may be also feasible, but it may lead to excessive complication of the specification. The same rational applies to method 4.

3. Number of inter-frequency for RSTD measurement (Issue 2)

The second issue is about the number of inter-frequency carrier f2 which is defined in the table 8.1.2.6.1-1. The values of f2 can have more than one inter-frequency carrier, because in TS36. 36.355 LPP specification contains total of 78 EARFCN value for reference cell and neighbor cell list. But the requirements are specified for only one inter-frequency carrier i.e. 2 in total including intra-frequency. This means the network can configure the UE to measure RSTD on 2 inter-frequency carriers but the UE does not have to meet the requirements for the 2nd inter-frequency. Hence, we should decide to make a new requirement for another inter-frequency f3 and parameters as below table 3.1, or not to make a new requirement for f3 and just restricted the RSTD is reported only one inter-frequency as below table 3.2.
Table 3.1: Number of PRS positioning occasions within 
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	Number of PRS positioning occasions 
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	f1 (intra-frequency)
	f1 and f2 (inter-frequency)
	f1, f2 & f3 (inter-frequency)

	160ms
	16
	32
	48

	>160ms
	8
	16
	24

	Note 1: When inter-frequency RSTD measurements are performed over the reference cell and neighbour cells, which belong to the FDD inter-frequency carrier frequency f2.
Note 2: When inter-frequency RSTD measurements are performed over the reference cell and the neighbour cells, which belong to the serving FDD carrier frequency f1 and two inter-frequency carriers frequency f2&f3 respectively.


Table 3.2: Number of PRS positioning occasions within 
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	f1 (intra-frequency)
	f1 and f2 (inter-frequency)

	160 ms
	16
	32

	>160 ms
	8
	16

	Note 1: When inter-frequency RSTD measurements are performed over the reference cell and neighbour cells, which belong to the FDD inter-frequency carrier frequency f2.
Note 2: When inter-frequency RSTD measurements are performed over the reference cell and the neighbour cells, which belong to the serving FDD carrier frequency f1 and one inter-frequency carrier frequency f2 respectively.


When, we consider previous study to make RSTD measurement requirements using proposed simulation assumption and parameters, we prefer the second method, which simplifies the specification 
4. RSTD measurement accuracy issue (Issue 3)
The third issue we have indentified is that the RSTD measurement accuracy is defined by the PRS bandwidth. The PRS bandwidth defines the number of sub-frames in which the RSTD measurement can take place, and the required time resolution accuracy.
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Figure 4- 1. Example PRS transmission when the bandwidths of serving cell and neighbor cell are the different
Figure 4-1 shows the example PRS transmission when the bandwidths of serving cell and neighbor cell are 1.4MHz and 20MHz, respectively. In Figure 4-1, it is assumed that the numbers of PRS subframes of serving cell and neighbor cell are 6 and 1, respectively. In this case, if UE, with one RF chain, should receive the signal transmitted from serving cell, the signal transmitted from neighbor cell is passed through low pass filter with 1.4MHz filter bandwidth. Therefore, the estimated ToA (Time-of-Arrival) using the filtered signal with sampling frequency, fs=1.4MHz, have ambiguity from -8Ts to 8Ts. RSTD measurement accuracy can not fulfill the requirement in section 9.1.10.1 of TS36.133 since the bandwidth and the number of PRS sub-frames of signal to measure ToA of neighbor cell are 1.4MHz and 1, respectively.
Because of this issue, we propose to take one of the two remedies listed below.
Method 1) RSTD measurement accuracy requirement for intra-frequency are only applied when target cell’s PRS transmission Bandwidth is less than or equal to serving cell’s PRS transmission Bandwidth 
Method 2) modify the specification for the general RSTD measurement accuracy corresponding to the serving cell bandwidth should apply instead of the PRS bandwidth cell bandwidth
First candidate solution is to clarify the specification in section 9.1.10 of TS36.133 to be RSTD measurement accuracy requirement under the assumption the operating serving cell bandwidth is equal or larger than the measurement PRS bandwidth. Although in real deployments the PRS bandwidth of other intra-frequency cells can be larger than the serving cell bandwidth (e.g. country border boundaries or different deployments regions), simply do not define requirements for this corner deployment case. It means that the RSTD measurement accuracy for the intra-frequency just restricted for the above test scenarios. But this relaxation or change should be studied and discussed when we consider the UE RF complexity to measure all of serving cell and neighbor’s RSTD accuracy in the intra-frequency case.
The second candidate solution is to clarify the specification so that in case the serving cell bandwidth is smaller than the PRS bandwidth which needs to be measured the RSTD accuracy requirements corresponding to the serving cell bandwidth should apply instead of the PRS bandwidth. This should also include the number of sub-frames available for measurements. To verify this measurement accuracy, we should make a new simulation assumption for these test cases and then we can modify the measurements accuracy to apply all PRS channel bandwidth respectively.
5. Conclusion and Recommendation
Most network-based positing support performance requirements are defined for phase I Positioning test cases in TS36.133. But still there are some argue points to consider for the supporting PRS measurements reporting. In this contribution, we provide our preference to remove some ambiguity for positioning-RS measurement. Our proposals are as below,
Proposal 1) Use longest TRSTD of the target measurement cells for PRS measurement requirements
Proposal 2) For inter-frequency RSTD measurements, UE perform RSTD measurements for one inter-frequency carrier, hence UE does not have to meet the requirements for the 2nd inter-frequency carrier.
Proposal 3) RSTD measurement accuracy for intra-frequency are only applied when target neighbor cell’s PRS transmission bandwidth is less than or equal to serving cell’s PRS transmission bandwidth.
We hope these proposals should be discussed and decided to settle sufficient test parameters and make correct measurement accuracy.
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