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1 Introduction

As discussed in [1], listening RS pattern used for fine synchronization needs to be introduced. In this contribution, design of listening RS pattern is discussed where it is based on the existing reference signal(s) and it should be designed such that the UE behaviours can be unchanged.

The design of listening RS pattern includes the following aspects and they will be discussed respectively:

· Per subframe listening RS pattern

· Configuration of listening subframes 
2 Per subframe listening RS pattern
As discussed in [1], it is preferable to keep the control area in the listening subframes to assure the correct transmission of UL grant and PHICH.  Two symbols per listening subframe need also be reserved for DL to UL and UL to DL switching. So the per subframe listening RS pattern should be designed such that it starts from the third symbols of the subframe and ends at the second last symbol. When special subframe or subframes containing PBCH/PSS/SSS is used for network listening, the symbols used for Guard Period and PBCH/PSS/SSS should not be used for listening and the patterns need to be punctured accordingly [2].
In the following, the different options for network listening RS in listening subframes are analyzed. 

2.1 Option 1: CRS

In this option, CRS is used for network listening RS, as shown in Figure 1, where 2 ports for CRS are used. 
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Control area TX/RX switching REs for CRS with 2 ports


Figure 1. CRS with two ports used for network listening RS
In this case, totally 12 REs per PRB can be used for network listening.  Since 3 frequency shifts can be supported, the reuse factor for the listening RS pattern is 3. Therefore the collision probability between network listening RS from different cells is 1/3. 

2.2 Option 2: PSS/SSS

In this option, PSS/SSS is used for network listening RS. Since the transmission bandwidth for PSS/SSS is limited to the central 6 PRBs, the synchronization accuracy is worse than that by CRS which is distributed over the whole system bandwidth. In addition, since the location for PSS/SSS transmitted by different source cells is the same, the reuse factor for the listening RS pattern is 1. Therefore it is difficult to apply muting.  PSS/SSS is not suitable for fine synchronization.
2.3 Option 3: CSI-RS

In this option, CSI-RS is used for network listening RS, as shown in Figure 2, where 1 port for CSI-RS is used. The reuse factor for the listening RS pattern is large, e.g. 12.
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Control area TX/RX switching REs for CSI-RS


Figure 2. CSI-RS with one port used for network listening RS

The timing synchronization performance is worst as only two Res per PRB is used for network listening. In addition, since the two symbols are adjacent, it will result in a large frequency tracking range and inaccurate estimated frequency shift [3]. In this sense, CSI-RS is not suitable for fine synchronization.

If CSI-RS with 2 ports is used for network listening, due to the operation of OCC, the channels of CSI-RS REs mapping on each antenna port in one subframe cannot be obtained unless these channels are assumed to be the same. Therefore the frequency shift could not be estimated in this scenario. This is also the case for CSI-RS with more ports (e.g. 4 or 8). 
2.4 Option 4: PRS

In this option, PRS is used for network listening RS, as shown in Figure 3.
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Control area TX/RS switching REs for PRS


Figure 3. PRS used for network listening RS

In this case, totally 14 REs per PRB can be used for network listening. Furthermore since 6 frequency shifts can be supported, the reuse factor for the listening RS pattern is 6. Accordingly the collision probability between network listening RS from different cells is 1/6, which is less than the case where CRS with 2 ports is used for network listening RS. Overall the synchronization performance of PRS is better than that of CRS.
2.5 Option 4: PRS+CRS with 1 port

In this option, PRS and CRS with 1 port are both used for network listening RS, as shown in Figure 4. 

When PRS was designed, the REs used for CRS were kept for CRS transmission, so that it does not have impact on UE measurement in non-MBSFN subframes. PRS pattern is common for MBSFN and non-MBSFN subfames and do not include the REs used for CRS.

In the subframes for network listening, the REs reserved for CRS can be utilized together with PRS for network listening. 
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Figure 4. PRS+CRS with one port used for network listening RS

In this case, totally 20 REs per PRB can be used for network listening. Furthermore the reuse factor for the listening RS pattern is kept as 6 and the collision probability between network listening RS from different cells is 1/6.  PRS+CRS with 1 port can achieve the best performance among the options.

According to the above analysis, the performance of different network listening RS design options is compared and summarized in the following table. It can be observed that CRS and PRS have better synchronization accuracy among the candidate patterns, and PRS+CRS is with the best performance.
Table 1. Comparison between different network listening RS design options

	
	Achieved synchronization accuracy
	Reuse factor for listening RS pattern per subframe

	Option 1: CRS with 2 ports
	-
	3

	Option 2: PSS/SSS
	Worse than option 1
	1

	Option 3: CSI-RS
	Worse than option 1;
	large

	Option 4: PRS
	Comparable or better than option 1
	6

	Option 5: PRS+CRS with 1 port
	Best 
	6


Observation: CRS and PRS have better synchronization accuracy among the candidate patterns (i.e. CRS with 2 ports, PRS, PSS/SSS, CSI-RS, PRS+CRS with 1 port), and PRS+CRS with 1 port is with the best performance.

Proposal 1: Use PRS and/or CRS  for network listening

3 Configuration of listening subframes
The configuration of listening subframes can be defined by radio periodicity , radio frame offset and subframe offset.

· Periodicity

As listed in Table 6.1.2.3-1 of [4], the synchronization maintenance periods are depending on the frequency error values. Assuming 0.1ppm frequency error for pico cells, the maximum frequency error between two cells is 0.2ppm and the synchronization maintenance period is 7.5 seconds. So the periodicity of listening RS should be no larger than 7.5 seconds.   

Proposal 2: Define the periodicity of listening RS for each source cell as x radio frames, where x is no larger than 750
· Radio frame offset

As discussed in [1], at least in order to exchange the stratum level between eNBs of different operators, the listening RS can be configured dependent on stratum levels, so that the stratum level can be blindly detected. Specifically, the radio frame offset can be dependent on stratum level, and they should be distributed enough so as the listening subframes do not impact UE behaviors. 
Proposal 3:  Define the radio frame offset of listening RS as O(s), where s is the number of stratum level, s=1, 2,….., S
· Subframe offset

As discussed in [2], different options for subframe offset are analyzed, where the subframe offset needs to be designed common for all the TDD UL-DL configurations.
Proposal 4: Define subframe offset of listening RS for both FDD and TDD, where the subframe offset is common for all the TDD UL-DL configurations
4 Maximum stratum level 

It was stated in [5] that the network listening is “able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios”. The maximum stratum level needs to be decided and there are two ways to decide it:
· Alt.1: Adopt a fixed value of the maximum stratum level (e.g., 5 or 6 or 7)
· Alt.2: Support up to stratum level S (e.g., S=6) in the specification, and allow OAM configuring the maximum stratum level in the network
Proposal 5: Make decision between the above alternatives on maximum stratum level 
5 Conclusion

In this contribution, the details for network listening RS design are discussed including the per subframe listening RS pattern and the configuration of listening subframes. The supported maximum stratum level is also mentioned. The following are observed and proposed: 

Observation: CRS and PRS have better synchronization accuracy among the candidate patterns (i.e. CRS with 2 ports, PRS, PSS/SSS, CSI-RS, PRS+CRS with 1 port), and PRS+CRS with 1 port is with the best performance.

Proposal 1: Use PRS and/or CRS  for network listening 

Proposal 2: Define the periodicity of listening RS for each source cell as x radio frames, where x is no larger than 750

Proposal 3:  Define the radio frame offset of listening RS as O(s), where s is the number of stratum level, s=1, 2,….., S
Proposal 4: Define subframe offset of listening RS for both FDD and TDD, where the subframe offset is common for all the TDD UL-DL configurations
Proposal 5: Make decision between the following two alternatives on maximum stratum level

· Alt.1: Adopt a fixed value of the maximum stratum level (e.g., 5 or 6 or 7)

· Alt.2: Support up to stratum level S (e.g., S=6) in the specification, and allow OAM configuring the maximum stratum level in the network
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