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1. Introduction
In [1], a draft copy of phase II positioning test cases for inter-frequency RSTD was provided. Core requirements were developed for two cases (corresponding to Note 1 and Note 2 in the table below) in 36.133. One open issue that needs to be addressed is which of these two types of interfrequency measurements need to be tested.

Table 8.1.2.6.1-1: Number of PRS positioning occasions within 
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	f2 Note1
	f1 and f2 Note2

	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.


2. Discussion

For the purpose of this discussion, we will refer to the two types of inter-frequency RSTD measurements corresponding to Note1 and Note2 as Type1 measurements and Type2 measurements. 

(1) Type1: Serving Cell on f1, Reference Cell on f2, Neighbor Cell on f2

(2) Type2: Serving Cell on f1, Reference Cell on f1, Neighbor Cell on f2
The only difference between the two types of measurements is the frequency on which the reference cell used for inter-frequency measurements is present.  Other apparent differences are not really an issue; for example Type1 measurement only lists neighbor cells on f2. However, the number of PRS occasions is also half the number as Type2 measurements. This means the remaining PRS occasions can be used to schedule intra-frequency measurements. This leads us to: 

Observation 1: There is no difference between the two types of measurements in the intra-frequency case. 
Looking at the interfrequency case, type1 measurements are of the form TNEIGH1 – TREF-F2, TNEIGH2 – TREF-F2, TNEIGH3 – TREF-F2 etc., where NEIGH1, NEIGH2 are the inter-frequency neighbors on f1 and REF-F2 is the reference cell on f2. Similarly Type2 measurements are of the form TNEIGH1 – TREF-F1, TNEIGH2 – TREF-F1, TNEIGH3 – TREF-F1 etc., where NEIGH1, NEIGH2 are the inter-frequency neighbors on f1 and REF-F1 is the reference cell on f1. The only difference is TREF-F1 vs TREF-F2 between the two cases. This leads to the next observation:   

Observation 2: The two types of measurements only differ in the reference cell in the inter-frequency case.  
This difference in reference cell however causes Type2 measurements to be significantly worse than Type1 measurements for a number of reasons. 

(1) The measurement of the reference cell on freq f1 and neighbor cell on freq f2 need to be done at different times. The maximum allowed value of prsSubframeOffset is 1279, so the measurements could occur more than one second apart.  

a. With a 0.1ppm frequency error at the UE, this translates to a 100ns or >3Ts error.

b. Further errors are added if the multipath profile changes between the time when the measurement is done on f1 and when it is done on f2.  
(2) In the inter-band scenario, different propagation delays are seen on different carriers. 

a. Previous simulations in RAN4 [2] indicated up to 3 microsecond delays in an urban scenario from the serving cell. This number is likely to be higher for non-serving cells.  

b. Presence of frequency-selective repeaters increases this error to up to 30us, rendering the RSTD measurement useless.   
(3) Type2 measurements are not even possible in some scenarios. 
a. For example if frequency f1 is used for a femto deployment, there may be no PRS transmission as femtos don’t support the LPP(a) protocols, and also the femto location is unknown.  

b. An operator may not wish to deploy PRS on some carriers. For example, an operator with PRS on a carrier in the 700 MHz range need not deploy PRS in a 2 GHz carrier since the propagation conditions there are poorer. 
Observation 3: Type2 measurements provide significantly poorer performance than Type1 measurements.  
And finally, we consider the complexity associated with Type1 and Type2 measurements on both the network side and UE side. On the network side, the parameters needed for Type1 measurements (such as expectedRSTD) come for free since these are identical to the intra-frequency parameters on f2. On the other hand, additional drive testing is needed to compute expectedRSTD, expectedRSTD-Uncertainty etc for Type2 measurements.    
On the UE side, samples corresponding to only one carrier need to be buffered with Type1 measurements while samples corresponding to both carriers need to be buffered with Type2 measurements. This increases the complexity at the UE and also degrades performance (e.g. by not allowing the UE to perform measurements on >16 cells or on >2 carriers).
Observation 4: Type2 measurements incur more cost on both the UE and network-side than Type1 measurements.  
3. Conclusions 

It is important that that the test cases in RAN4 prioritize the most likely and most useful deployment scenarios for any feature. In the case of inter-frequency positioning, it is easy to see that Type2 measurements offer no benefits compared to Type1 measurements, and are worse than Type1 measurements in many aspects such as complexity and performance. Therefore, we recommend that RAN4 adopt test cases for Type1 measurements in the Rel 10 timeframe. 
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