3GPP TSG RAN WG1 82bis Meeting
R1-155097
Malmo, Sweden, October 5th – 9th, 2015
Agenda Item:
7.2.3.1
Source:
Huawei, HiSilicon
Title:
Adaptation rules of energy detection threshold
Document for:
Discussion and decision 
1 Introduction
At RAN #82 meeting, it is agreed that RAN1 shall identify adaptation rules for LAA to adaptively lower the maximum energy detection threshold and consider the following points [1]:

· RAN1 shall identify adaptation rules for LAA to adaptively lower the maximum energy detection threshold to ensure co-existence with other RATs including Wi-Fi and good performance of LAA
· Technologies that ensure co-existence with other RATs including Wi-Fi, using alternative means not requiring lowering of the maximum energy detection threshold, are not precluded.

· At least the following shall be considered in defining the adaptation rules of the maximum energy detection threshold:

· Antenna gain and number of transmit antennas

· Coexistence with LAA in absence of other RATs including Wi-Fi

· The maximum rated EIRP of the LAA transmission point within unlicensed band

· The maximum EIRP within the transmission burst following the LBT procedure 

· The transmission bandwidth

· Measured ambient noise floor

· Deployment scenario: Indoor, outdoor

· Estimated Load on the operating channel

· Feasibility of the co-existence test

· Single global solution

· In regions and bands/sub-bands without regulations, define an upper bound for the maximum energy detection threshold taking into consideration

· May be based on bandwidth and presence of other RATs

In this contribution the adaptation rules for LAA energy detection threshold is discussed. The partial simulation evaluations are performed for the co-existence in companied contribution [2].
2 Adaptation rules of energy detection threshold
Energy detection threshold is an important parameter for both LAA and Wi-Fi, which decides the opportunity of node transmission and the coexistence fairness. Based on the agreements in last meeting and the ETSI rules [3], we suggest two options are considered respectively for LAA adaptation rules of energy detection thresholds.
· Option 1: if an unlicensed band is known not to be used for non-LTE system, the energy detection threshold for LAA operators can be set higher than -62dBm by making use of coordination between LAA operators. 
If an unlicensed band or a set of channels in unlicensed band is known not to be used for non-LTE system, e.g. Wi-Fi, i.e. by regulations or by coordination among LAA and Wi-Fi operators or because Wi-Fi equipment cannot operate in certain frequency ranges, the ED threshold used by LAA operators may be set higher than -62 dBm. In such scenario, LAA operators may need to coordinate their ED threshold. Based on the simulation results of companion contribution [2], when only LTE transmission is detected, LAA can improve the user experience by means of increasing the energy detection threshold. 
Proposal 1: if an unlicensed band is known not to be used for non-LTE system, the energy detection threshold for LAA operators can be set higher than -62dBm by making use of coordination between LAA operators.
· Option 2: if an unlicensed band is known to be used for non-LTE system, there are two possible scenarios. 
· Scenario 1: LAA cell is capable of being aware of the presence of non-LTE nodes, e.g., Wi-Fi, by means of sensing Wi-Fi preamble, then LAA eNB may use an ED threshold of -62 dBm as long as the cell continuously establishes that there is no Wi-Fi presence. 
· Scenario 2: LAA cell is not capable of being aware of the presence of non-LTE nodes, e.g., Wi-Fi, then the LAA eNB shall use an ED threshold of Y dBm. The value of Y is FFS.

Firstly, considering the way of LAA sensing to Wi-Fi, there are two alternatives. Alternative 1 is that LAA eNB sense the Wi-Fi nodes directly if LAA eNB is able to decode and demodulate the Wi-Fi preamble. But it increases the eNB complexity especially for detecting a signal in a WiFi system. Another alternative is that UEs assist eNB to sense the Wi-Fi node. UE is able to sense near Wi-Fi node and then report the sensing results to the eNB. Then eNB can judge whether Wi-Fi is coexisting with LAA in network and adjust the energy detection threshold according to the reporting results from UE. Taking UE reporting way into account, the eNB environment and interference levels experience are different from UE, so the UE reporting information may not accurately match the eNB condition. Combinations of the two alternatives are also possible implementations. Other methods of detecting the presence of LAA and the absence of Wi-Fi are possible, such as described in [3].
Proposal 2: the LAA network may detect the presence of Wi-Fi by sensing Wi-Fi preambles.
Based on the detection results whether eNB or UE sense the Wi-Fi preamble, when Wi-Fi presence is detected by LAA, LBT scheme can guarantee the fairness of coexistence between Wi-Fi and LAA from the previous evaluation results. In this scenario, -62 dBm energy detection threshold based on ETSI is assumed. On the other hand, if LAA detected the absence of Wi-Fi, although Wi-Fi is known to be allowed in the unlicensed band, one possibility is that Wi-Fi did not transmit at that moment. Another possibility is that Wi-Fi is hidden node for LAA and LAA is also hidden node for Wi-Fi. So they don't sense each other efficiently. In this case, the more friendly behavior of LAA is decreasing the energy detection threshold to offer more transmission opportunity for Wi-Fi. So the energy detection threshold lower than -62 dBm in this scenario is reasonable.
Proposal 3: if an unlicensed band is known to be used by non-LTE system, the adaptation of LAA energy detection threshold depends on whether LAA is capable of being aware of non-LTE transmission.
· If LAA cell is capable of being aware of the presence of non-LTE nodes, LAA eNB may use an ED threshold of -62 dBm as long as the cell continuously establishes that there is no non-LTE presence.
· If LAA cell is not capable of being aware of the presence of non-LTE nodes, the LAA eNB shall use an ED threshold of Y dBm lower than -62 dBm.
3 Conclusion

In this contribution, we analyze the adaption rules of LAA energy detection threshold. Based on the analysis, we draw the following conclusions:
Proposal 1: if an unlicensed band is known not to be used for non-LTE system, the energy detection threshold for LAA operators can be set higher than -62dBm by making use of coordination between LAA operators.

Proposal 2: the LAA network may detect the presence of Wi-Fi by sensing Wi-Fi preambles.
Proposal 3: if an unlicensed band is known to be used by non-LTE system, the adaptation of LAA energy detection threshold depends on whether LAA is capable of being aware of non-LTE transmission.

· If LAA cell is capable of being aware of the presence of non-LTE nodes, LAA eNB may use an ED threshold of -62 dBm as long as the cell continuously establishes that there is no non-LTE presence.
· If LAA cell is not capable of being aware of the presence of non-LTE nodes, the LAA eNB shall use an ED threshold of Y dBm lower than -62 dBm.
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