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1. Background

Our view is that PRS muting is not a critical hearability enhancement as the existing LPP signaling allows eNBs to coordinate transmission without any increase to eNB implementation complexity by configuring PRS subframes with time offsets [2] in order to increase PRS hearability. In [1], several issues associated with PRS autonomous muting were discussed and it was proposed that if muting is indeed viewed as critical to DL OTDOA, then in order that it is feasible to specify tighter accuracy requirements for muting it was proposed that complete specification support should be provided. Two approaches for providing complete specification support are:

1. Provide LPP signaling support for muting, where the transmission/muting pattern for each cell is signaled to the UE in the assistance data. 

2. Use pre-defined muting patterns. 

In this contribution, we further elaborate on 1) and 2) above. We provide some examples for each method and then provide a discussion of one key observation on hearability.
2. Signaling muting pattern in LPP
We describe this approach in its general form first and then proceed to some examples. Suppose that each PRS occasion has NPRS positioning subframes configured, and there are K PRS occasions over which the muting patterns are specified. There are a total of N =  KNPRS PRS subframes within the muting pattern. Since the pattern typically extends over multiple radio frames, the first PRS subframe occurring after the SFN wrap around point (i.e., SFN index #0 that repeats once every 10240 ms) can be used as the starting point of the muting pattern
. A binary ‘1’ can be used to indicate PRS transmission and a binary ‘0’ can be used to indicate PRS muting or non-transmission in a subframe. Since, there are 24 cells per layer in the neighbor cell list (NCL), and 2 layers including the serving cell layer in the LPP, 

· we need N bits per cell, and 
· a total of 48N bits in LPP.
Figure 1 shows an example with NPRS = 4 and K = 2 PRS occasions. The PRS occasion periodicity is 160 ms. The assistance data includes bit patterns reflecting muting patterns of length N =  KNPRS = 8 for each cell. For Cell 1, the bit pattern is ‘11101001’ and for Cell 2, it is ‘01111011’. It is assumed that the muting pattern repeats with a periodicity of K PRS occasions, which in this example is equal to 2 x 160 ms = 320 ms.
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Figure 1 – Muting patterns signaled through a bit mask

Accuracy requirements where the RSTD measurements are carried out over NPRS = [8] PRS occasions are being envisioned, and therefore, one would need a total of 48 x 8 x 6 = 2304 bits in the worst case if the muting pattern length is 8 x 6 = 48. This is clearly excessive as we do need such long muting patterns to obtain most of the benefits of PRS muting. Choosing the pattern length N =  KNPRS = 6 bits results in
· 26 = 64 muting patterns which means coordination can be carried out such that not more than 8 PCIDs have to share a muting pattern, and

· a pattern length that is divisible by all values of NPRS (= 1, 2, 4, 6), and
· a total LPP overhead of 48 x 6 = 288 bits in the assistance data.

It may also be noted that as there are 6 PRS frequency shift, the number of pairing of muting patterns and frequency shifts is 64 x 6 = 384.  Thus, it would never be necessary for more than 2 PCID’s to share the same pairing of muting pattern and frequency offset.

The above parameters seem sufficient for most practical deployments as multiple RAN1 system simulations [4,5,6] have shown that three muting patterns are sufficient to meet E-911 requirements for the simulation framework given in [7]

.

3. Pre-defined muting patterns
The need for signaling overhead can be completely eliminated as follows. Based on the number of muting patterns needed, the length of the muting pattern N is pre-specified in TS 36.133 or TS 36.211/36.213 (N = 6 seems sufficient.). Either of the following two alternatives below can be adopted.

Alt 1) The muting patterns corresponding to M muting groups are first specified as a table in TS 36.133 or TS 36.211/36.213. The muting pattern associated with each PCID can either be signaled (e.g., 
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 bits are sufficient) or the mapping can be statically defined in TS 36.133 or TS 36.211/36.213. The latter option does not require LPP specification change relative to the March 2010 ASN.1 freeze.
Alt 2) A set of rules are defined in TS 36.133 or TS 36.211/36.213 for deriving the muting pattern from PCID as illustrated in [3]. This too does not require LPP specification change relative to the March 2010 ASN.1 freeze.
In [3], a framework for designing muting patterns is presented where

i) the set of all PCIDs (= 504) are subdivided into muting groups such that each eNB transmits PRS on the same number of PRS subframes and mutes on the same number of PRS subframes;
ii) PCIDs with the same subcarrier shift are divided across the different muting groups as equally as possible.

Condition (i) is needed to ensure that all eNB’s are equally hearable in an average sense, as otherwise, some eNB’s might mute the PRS more frequently to allow the UE’s served by it more opportunities to take PRS measurements on neighbor cells.  The consequence to UE’s in the neighboring cells would be that there would be fewer opportunities to take measurements on the eNB which is muting more frequently.  Together, conditions i) and ii) ensure a good trade-off in which the UE has a large number of opportunities to take PRS measurements on neighboring cells while the serving cell is muting PRS.

For a muting pattern of length N, the eNB transmits the PRS in 
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 and mutes the PRS in the other N-L subframes. The number of muting patterns of length N and weight L is given by
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. For example, for N = 6, there are M = 20 muting patterns.  In [3], there is a fixed mapping between the PCID and the muting patterns, and thus there is no LPP signaling overhead associated with increasing the length N of the muting pattern.  If we choose N = 12, the number of muting patters is M = 924 which exceeds the number of PCID’s., and thus each PCID can be assigned its own muting pattern with no signaling overhead!
4. Discussion

An additional benefit of providing complete specification support for PRS muting is that it leads to a significant benefit relating to hearabilty. Suppose that an LTE implementation has a receiver dynamic range of the order of 60-70 dB. A back off of 20 dB relative to the peak power is necessary to prevent clipping in order to maintain a sufficiently low EVM for the received signal. This means that the effective dynamic range for “hearing” the PRS signal is 40-50 dB relative to the mean received power of the serving cell. In a cell deployment with 4 km inter-site distance, suppose that a UE is 300 m away from its serving cell. The difference in the PRS received power between the serving cell and the first best neighbor (assuming that the UE is on a line connecting the two cells and both of the antenna patterns are directed towards the UE) is about 40 dB
. This means that neighbor cell power level is in the vicinity of the ADC quantization noise power. As a result, a UE located 300 meters from the serving cell cannot ’hear’ the PRS from a single neighbor cell unless the UE resets the AGC blindly in anticipation of serving cell muting occasions. 

If there is muting, and the UE knows of the muting occasions for the different cells, the UE can bring down the AGC set point (over the PRS region) in subframes where the serving cell is muting its PRS transmission thus, rendering the neighbor cell PRS transmission “hearable”. However, this is not possible for autonomous muting as the UE does not know a priori the subframes where the serving cell mutes PRS.

5. Conclusion

Specifying requirements for muting may not be critical for the reason that coordination methods for hearability enhancement exist within the existing LPP signaling (i.e., March 2010 ASN.1 freeze). However, if muting is perceived as critical, it is necessary to provide complete specification support either through explicit muting pattern signaling or through the definition of pre-defined muting patterns in the specification. Some examples for both approaches were provided. 
Complete specification support where the UE knows the exact transmission/muting occasions of PRS for each cell helps the UE increase hearability of neighbor cells in large cell deployments. This hearability enhancement is difficult to achieve with autonomous muting.
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� This assumes that the cells in the network are SFN synchronous. However, if the cells in the network are radio frame synchronous, but not SFN synchronous (i.e., SFN of different cells for completely overlapping radio frames are different), then additional signaling bits are necessary to indicate the start of the muting pattern, say, relative to the SFN wrap around point for each cell. For a muting pattern of length N, at most � EMBED Equation.3  ���bits are necessary.


� Assuming Case 1/Case 3 PL model, the pathloss difference is 37.6*log10((4000-300)/300)) = 41 dB for this example.
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