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1. Introduction

In RAN1#78bis, Listen-before-talk (LBT) and Discontinuous transmission on a carrier with limited maximum transmission duration were agreed as required at least to meet regulatory requirements in some regions/bands for an LAA system [1]. When an LAA network operates with LBT functionality or there is coexisting inter-operator/RAT networks operating with LBT functionality, LAA eNB or UE experiences very fast interference variation compared to the conventional LTE deployment environments. In this contribution, we provide our observations on evaluation results of CSI measurement considering interference variation.
2. Method for CSI measurement
When an LAA network is operating with LBT, interference varies very fast due to intermittent transmission of LAA and/or WiFi nodes. Assuming LBT functionality operates properly, most appropriate period for interference measurement to construct a DL CSI for a given UE is during the UE’s serving eNB is transmitting something in DL. This is because other nodes within a carrier sensing coverage would not generate interference by LBT operation when the serving eNB transmits some signals in DL. While the serving eNB does not transmit, various interference can be generated by neighbor nodes, which does not reflect the interference characteristics while the UE is receiving DL transmission from the serving eNB. Therefore, if we define TX burst as a continuous transmission block per each LBT operation, we suggest that the interference measurement for DL CSI feedback can be restricted within TX burst.
Suggestion 1: In LAA, it should be considered to restrict the interference measurement for DL CSI feedback within TX burst.
3. Evaluation results
In this section, we provide the simulation results evaluating CSI measurement method proposed in Section 2. Detailed simulation assumptions are shown in Appendix.
Figures 1~4 depict average UPT with respect to packet arrival rate () for two LBT schemes which are FBE and LBE as described in [2]. Specifically, Figures 1 and 2 show the results for LAA-WiFi coexistence scenario while Figures 3 and 4 show the results for LAA-LAA coexistence scenario. In the following results, “CSI1” indicates interference measurement over all the subframes and “CSI2” indicates interference measurement only within the serving eNB’s DL TX burst.
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	Figure 1. Average UPT for indoor case in LAA-WiFi coexistence scenario
	Figure 2. Average UPT for outdoor case in LAA-WiFi coexistence scenario

	
[image: image3]
	
[image: image4]

	Figure 3. Average UPT for indoor case in LAA-LAA coexistence scenario
	Figure 4. Average UPT for outdoor case in LAA-LAA coexistence scenario


As shown in above figures, we can observe that if LAA system applies FBE, UPT is not much affected by restricting the interference measurement within TX burst. However, we can also observe that if LAA system adopts LBE, UPT performance with CSI feedback based on interference measurement within TX burst is much better than that with CSI feedback based on interference measurement over unrestricted time instance. This is because in the case of LBE, transmitting nodes (e.g., LAA eNB or WiFi STA) try to grab the channel more opportunistically than in the case of FBE, which leads to more fast interference variation.
Observation 1: In the case of FBE, LAA performance is not much affected by restricting the interference measurement within TX burst.
Observation 2: In the case of LBE, LAA performance with restriction on the interference measurement within TX burst is much better than that with the interference measurement over all subframes.
4. Conclusion
In this contribution, we have discussed CSI measurement method for LAA and provided the system level evaluation results for coexistence scenario. Our suggestion and observations are summarized as follows:
Suggestion 1: In LAA, it should be considered to restrict the interference measurement for DL CSI feedback within TX burst.
Observation 1: In the case of FBE, LAA performance is not much affected by restricting the interference measurement within TX burst.
Observation 2: In the case of LBE, LAA performance with restriction on the interference measurement within TX burst is much better than that with the interference measurement over all subframes.
5. Reference

[1] RAN1 Chairman’s Notes, RAN1#78bis
[2] R1-150214, “DL/UL solutions of LAA with LBT,” LG Electronics, February 2015.
6. Appendix
	
	LAA
	WiFi

	Macro cell layout
	19 sites

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED
-82 dBm for CCA-CS

	CCA slot length
	24 us
	8 us

	Tx burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop
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