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Abstract: This document proposes a new use case about how to provide immersive sound based on coordinated ranging.
Discussion

As introduced in the use case about finding pets, some technologies based on Time of Flight for ranging are introduced. Since ranging is based on the time or time difference of flight, LOS path among UEs is very important for accuracy. However, LOS paths among UEs do not always exist. In all timing-based positioning methods, additional random bias due to non-line-of-sight condition deteriorates performance of position estimation. This makes the accuracy of an initiating UE to range another UE who has no LOS path with the initiating UE unpredictable. 
In some scenarios there will be multiple UEs which may provide help with ranging. For example, in home scenarios there may be multiple UEs and even if there is no LOS path between the UE who initiates the ranging and the target UE, some UEs may “create” a LOS path for the two, i.e., some UE have LOS paths with both of the two UEs.  For example in Fig.1, UE A needs to range UE B but there is an obstacle between them which results in no LOS path. UE A needs to first find a UE who has a LOS path with UE A and also a LOS path with UE B, i.e., UE A needs to find a UE C. Also according to the requirement on the ranging accuracy, UE A may also needs to check the ranging accuracy level of UE C when ranging UE B.
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Fig. 1 Create LOS path between UE A and UE B 

Since the ranging operation proposed in other use cases is about peer to peer, and the UE ranges other UE based on its own coordinate system. For example, UE A knows UE C is on its 4 o’clock direction, and UE C tells UE A that UE B is on its 11 o’clock direction. However, with the UE C’s information about UE B, UE A cannot know where the UE B is. This is because UE A does not know which direction UE C is facing. To help UE A, UE C needs to first calibrate its own coordinate system with UE A to make sure they have the same understanding on the coordinate system, e.g., by providing and compensating for the UE C direction reference point. Then, with the information collected from UE C and UE B, UE A can determine the range to UE B accurately even though UE B has no LOS path with UE A. 
Begin First Change

5.x
Immersive sound based on coordinated ranging
5.x.1
Description

When considering the ranging based on time or time difference of flight, LOS path among UEs is very important for accuracy. However, LOS paths among UEs do not always exist. In all timing-based positioning methods, additional random bias due to non-line-of-sight condition deteriorates performance of position estimation. This makes the accuracy of an initiating UE to range another UE who has no LOS path with the initiating UE unpredictable. 

In some scenarios, there may be multiple UEs which may provide help with ranging. For example, in home scenarios there may be multiple UEs and even if there is no LOS paths between the UE who initiates the ranging and the target UE, some UEs may “create” a LOS path for the two, i.e., some UE have LOS paths with both of the two UEs.  For example in Fig. 5.x.1-1, UE A needs to range UE B but there is an obstacle between them which results in no LOS path. UE A needs to first find a UE who has a LOS path with UE A and also a LOS path with UE B, i.e., UE A needs to find a UE C. Also according to the requirement on the ranging accuracy, UE A may also needs to check the ranging accuracy level of UE C when ranging UE B. 
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Fig. 5.x.1-1 Create LOS path between UE A and UE B 

Since the ranging operation proposed in other use cases is about peer to peer, and the UE ranges other UE based on its own coordinate system. For example, UE A knows UE C is on its 4 o’clock direction, and UE C tells UE A that UE B is on its 11 o’clock direction. However, with the UE C’s information about UE B, UE A cannot know where the UE B is. This is because UE A does not know which direction UE C is facing.  To help UE A, UE C needs to first calibrate its own coordinate system with UE A to make sure they have the same understanding on the coordinate system, e.g., by providing and compensating for the UE C direction reference point. Then with the information collected from UE C and UE B, UE A can determine the range to UE B accurately even though UE B has no LOS path with UE A. 
It will be fantastic to have an immersive audio experience when watching movies in home. The speakers can provide this kind of experience if they can know the position of each other and also the user.  
Usually, to have immersive audio experience, several speakers are needed. Ranging may help the speakers to determine position relative to each other and to the listener. With the relative position of each other and to the listener, the speakers can adjust the sound field and provide a better experience to the listeners. The scenarios without LOS path may occur frequently due to the uncertainty of the interior design and decoration of the space. In a home, the speakers may be placed in any part of a room.  In some cases, there may be no LOS path between two of them. The NLOS path results in inaccurate ranging between the two speakers, and it is hard to build the immersive audio experience. In addition, a NLOS scenario between any speaker and the UE representing the listener can be adapted for based on this method.
5.x.2
Pre-Conditions

This use case is about Tom’s home theatre plan. Tom bought a set of speakers, and placed them in his home to create an immersive audio experience. According to the instruction of the speakers, and also based on the availability of audio and power wiring Tom distributed the speakers in his living room. However, speaker A has detected that there is no LOS path to speaker B. Speaker A can detect that speaker C has LoS path with speaker A. And speaker C can detect that speaker B has LoS path with speaker B. This detection mechanism is outside the scope of this document.
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Fig. 5.x.2-1 Tom’s home theatre 
5.x.3
Service Flows
1) Configuration procedure 

Tom switched on the power to speakers A, B and C to perform calibration. Speaker A discovers all UEs in the area to assist with coordinated ranging of a target UE. Speaker A discovers speaker B and C, and Tom’s UE.

Speaker A, speaker B and speaker C began ranging each other to adjust the sound field when in later use.
Speaker A identifies by itself that it has NLOS path with speaker B, and a LOS path with speaker C and Tom’s UE.
Speaker B identifies by itself that it has NLOS path with speaker A and Tom’s UE, and a LOS path with speaker C.

Speaker C identifies by itself that it has LOS path with speaker A, B and Tom’s UE.

Note: the UE procedure for determining LOS and NLOS is out of scope of this document.
Speaker A determines the relative position of speaker B through coordinated ranging with speaker C. Co-ordinated ranging in this scenario is where Speaker A uses the ranging result of Speaker A to Speaker C, and the ranging result of Speaker B to Speaker C to calculate/calibrate/corroborate the ranging result of Speaker A to Speaker B. Therefore, Speaker A gathers the ranging results from the other speakers in order to perform these calculations.
Speaker A prepares to adjust the sound field.

2) Listening set-up procedure Speakers A, B and C began to range Tom’s phone, when Tom places the phone near to his head and uses the phone as a reference point of his head. The speakers give quick feedback to Tom and adjust the sound field to provide an immersive audio experience to Tom.
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Fig. 5.x.3-1 Calibration of speakers and ranging the listener with coordinated ranging
5.x.4
Post-Conditions

Thanks to supporting coordinated ranging, Tom get a fantastic home theatre audio experience. 

5.x.5
Existing features partly or fully covering the use case functionality
None.
5.x.6
Potential New Requirements needed to support the use case

[PR. 001] The 5G system shall support coordinated ranging among multiple UEs, e.g., UE 1 can determine the distance and angle to UE 2 with no LOS path with the help of UE 3, which has LOS with both UE 1 and UE 2.

[PR. 002] The 5G system shall support a UE initiating discovery of one or multiple UE(s) to assist with coordinated ranging of a target UE.

[PR. 003] The 5G system shall provide a mechanism for UE to identify UEs who can assist with ranging a target UE. 
[PR. 004] The 5G system shall support transferring sufficient information from UEs participating in coordinated ranging such that the UEs can calibrate ranging measurements. 
End First Change
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