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Discussion and decision 
1 Introduction
In RAN1#76bis, the RS signals and their configuration were discussed with the following agreements,  
· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD
· Other specification impacts are FFS
 And 

· PRS and/or CRS is used as the listening RS for RIBS
· FFS: Down-select of listening RS

· Subframe-level muting is supported for RIBS

· FFS: In RAN1, UE impact of detailed subframe-level muting
· An LS [3] was sent to RAN3 for information capture this meeting agreements.
During the RAN1 discussion, it was observed that the performance impact of network listening solution needs to further consider the scenarios when multiple operators operate TDD band in the same area.   It was agreed that it would be beneficial to extend the network listening solutions not only to synchronize within a operator’s network but also to synchronize with other operator’s TDD network as follows,

· Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded
· Whether standard impact is needed is FFS
This paper discusses the specifications required of RS type, RS configuration, muting configuration, and inter-operator synchronization for Network Listening inter-cell synchronization.     
2 System Analysis of RS type, RS configuration, and Muting configuration for RIBS
Network listening synchronization is for the target cell to use the estimated received timing of the detected RS from a source cell directly, for synchronization with the source cell’s transmission time.   Since CRS or/and PRS was agreed to be used as the listening RS for RIBS, the selection of CRS or PRS should be subject to the factors affecting the network listening performance.  
Two main factors affecting the performance of network listening synchronization are considered as the primary reference of RS selection for network listening.  
1. Accuracy of estimated received timing - The accuracy of estimated received timing depends on the received RS signal quality and implementation errors in transmitter and receiver signal processing as indicated in [3].   
· Received RS signal quality -Two main factors to affect the RS signal quality are the multi-path fading channel and the interference.   The multi-path fading channel would bias the timing estimation toward the strongest path instead of first path of arrival.   The interference will bring down the received SINR and degrade the timing estimation performance.  The received signal quality could be improved by increasing the hearability of RS, which is equivalent to reducing the interference.    The agreement of supporting subframe level muting in RAN1#76bis would improve the hearability of RS.   Network listening could be performed in the initial cell setup without any muting.   Muting for periodic synchronization through network synchronization could be achieved by not transmitting on the measuring cell, such as by configuring MBSFN subframes or PRS muting pattern.   Both CRS and PRS have similar properties in muting configurations supported in the current specifications since Rel-9.   CRS is always available and should therefore be used as the baseline RS for network listening.  If PRS is available, PRS could also be used as the RS for network listening.
Proposal 1: CRS should be used as the baseline RS for network listening.   If PRS is configured for the source cell, the target cell could use PRS along with CRS for network listening.  
· Implementation errors in Tx and Rx signal processing – the main source of estimation error is the stability of the oscillators at the Tx and Rx.   The minimum requirements of frequency error for wide area and medium range/local area BS are (0.05 and (0.1 ppm, respectively [7] .  Long-term frequency drift of free running clock at the source and the target cells could cause timing offset and increase synchronization error.  If the network listening synchronization procedure is performed periodically, the time synchronization error caused by frequency drift of free running clock could be removed.  Since in most cases the small cells would synchronise by listening to the macro cell, there will not be error propagation across different stratum levels like in the digital synchronous hierarchy in traditional telecommunication.   
2. Propagation delay between the source cell and the target cell – The propagation delay between the source cell and the target cell could be measured and calibrated in advance during small cell deployment, such as by distance measurement from a map during the cell planning or direct measurement in the cell setup during the field deployment.  The measurement error of propagation delay could be controlled to the minimum with today’s technology in distance measurement.   Since neither small cells nor macro cells are dynamically situated, the provisioned propagation delay should be fixed for good after cell deployment.    This is different to TDD home eNB study in [8] where the propagation delay between the source cell and target home eNB could not be provisioned and could vary if the home eNB is relocated.  
In RAN1#75, the evaluation results were discussed with possible summary of the results based on contributions [4]

 REF _Ref378761795 \r \h 
[5]

 REF _Ref378761797 \r \h 
[6] as follows: 
· These observations are derived based on the agreed assumptions in RAN1 #74bis meeting, R1-134966
· Based on contributions [4]

 REF _Ref378761795 \r \h 
[5]

 REF _Ref378761797 \r \h 
[6] in this meeting, by link-level evaluations, for each hop, all companies assumed 1 msec measurement interval with the period of 10 sec inter-measurement period,

· For the time sync. performance with no propagation delay, and no implementation margin
· About 90% time sync. error falls into [-1 - -0.1 s, +0.1 – 1 s] when SINR is about -10 dB

· For the freq. sync. performance with no freq. error at source cell and assuming source cell is GPS

· About 90% freq. sync. error falls into [-150 Hz - -100 Hz, + 100Hz - 150 Hz] when SINR is -10 dB

· When case 1 for source cell selection is assumed

· 4 – 6 hops are observed; freq. sync. accuracy and/or time sync. accuracy may not be assured for all the small cells

· This observation does not assume muting and CRS IC

· Note that the achievable accuracy may depend on definition of sync. error, source cell selection mechanism

· Freq. sync. accuracy and time sync. accuracy can be assured for all small cells when coordinated muting is assumed as described in TR36.922

· When case 2 for source cell selection is assumed, assuming each small cell listens to macro cell with the strongest received signal

· Almost all the small cells are at an SINR higher than -5 dB

· A substantial number of small cell clusters listen to more than one macro cells

· Time sync. of small cells is not assured when macro cell layer is not synchronized

· Time sync. of small cells can be assured when macro cell layer is synchronized assuming additional signalling

· Schemes to ensure time and freq. sync. when macro cell is not synchronized have been proposed

It was agreed in RAN1#75 that improvement on the achievable synchronization accuracy could be achieved by improving the hearability of received network listening RS at the target cells.  Since the timing estimation algorithm would not be specified in the standard, we could conclude from the Network Listening evaluation results summary that current RS signals, such as CRS, or PRS, are sufficient to meet the synchronization requirements for intra and inter-frequency scenarios without further enhancement.   
Proposal 2: Both CRS or/and PRS are sufficient to meet the synchronization requirements for intra and inter-frequency scenarios with/without muting.   
3 Discussion on Inter-operator Network Listening 

Non-cochannel interference between two TDD systems operating in the same band, which belong to two different operators, was discussed in [5].  It was concluded that network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded.   For the inter-frequency network listening, the target eNB was configured to listen to the RS, wither CRS or PRS, of the target cell at another carrier frequency, whether the carrier frequency is in the same frequency band or not.   If an operator would measure the possible inter-operator interference from other operator’s TDD system in the same frequency band, the target eNB could configure the inter-frequency network listening targeting the source eNB of the other operator’s LTE TDD carrier frequency in the same frequency band.    The inter-operator inter-frequency network listening could be performed in the initial cell setup and RF optimization in the small cell initial deployment and continue after the small cell goes live.   If TDD operators could conduct the inter-frequency network listening synchronization of other operator’s existing LTE network in the same frequency band,  it will minimize the interference of inter-operator inter-frequency emission leakage in the same frequency band in TDD system.
Proposal 3: Inter-operator synchronization could be achieved by configuring inter-frequency network listening, where the measuring frequency of a source eNB is an LTE carrier frequency of another operator in the same frequency band.   There is no standard impact on inter-operator synchronization.   
4 Conclusions

In this paper, we analyze the RS used for Network Listening synchronization and inter-operator synchronization.   We make the following proposals:
· Proposal 1: CRS should be used as the baseline RS for network listening.   If PRS is configured for the source cell, the target cell could use PRS along with CRS for network listening.  

· Proposal 2: Both CRS or/and PRS are sufficient to meet the synchronization requirements for intra and inter-frequency scenarios with/without muting.     
· Proposal 3: Inter-operator synchronization could be achieved by configuring inter-frequency network listening, where the measuring frequency of a source eNB is an LTE carrier frequency of another operator in the same frequency band.   There is no standard impact on inter-operator synchronization.   
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