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1. Introduction

In RAN #70 meeting, a new work item (WI) on enhanced LAA (eLAA) was approved with the following objectives [1].

	· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]


The introduction of UL transmission can make the hidden node problem worse, so eLAA performance can be degraded by the impact of UE-to-UE interference. Therefore, in this contribution, we provide simulation results to observe the impact of UE-to-UE interference on LAA DL performance.
2. Evaluation assumptions
LBT is performed to coexist in unlicensed carrier. However, interference from the nodes out of sensing range is still a problem to be resolved, which is well-known as hidden node problem. It should be noted that the problem occurs even within a single operator’s network if neighbour nodes’ DL/UL timings are not aligned well.
Fig. 1 shows an example of hidden node problem. In Fig. 1, since eNB1 is out of sensing range of UE2, UE2 causes interference to UE1’s DL reception. If the received power from eNB1 to UE2 is smaller than ED threshold (-72 dBm) and the received power from UE2 to UE1 is more than X dBm, we call UE2 as “Interfering UE” from UE1 perspective.
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Figure 1. UE-to-UE interference

We consider outdoor scenario that two LAA operators’ networks coexist. We also assume category 4 LBT for LAA DL as well as UL and cross-carrier scheduling with multi-SF scheduling and set X to -62.
3. Simulation results

In this section, we provide simulation results evaluating the performance loss by the impact of UE-to-UE interference. The performance metric is the average DL UPT with respect to the number of interfering UEs. The simulation results are shown as follows.
	High load
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Figure 2. CDF of average DL UPT

	Low load
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Figure 3. CDF of average DL UPT


Table 1. Ratio of the number of UEs having N interfering UEs to the number of total UEs

	
	N=0
	N=1
	N=2
	N=3
	N=4
	N=5
	N=6
	N>=7

	Ratio
	25 %
	28 %
	21 %
	13 %
	7 %
	3 %
	2 %
	1 %


As shown in above figures, we can observe that LAA DL performance significantly degrades as the number of interfering UEs increase especially for high load case. The straight forward way to reduce UE-to-UE interference can be to separate eNB TX and UE TX in frequency or time domain, which may require coordination between cells in the same operator or inter-operators. Coordination between cells belonging to a same operator’s network may be achieved by a network implementation. However, coordination between cells belonging to different operator’s network may not be easy without specification support. For example, specification may define prioritized utilization of downlink transmission or uplink transmission for each carrier frequency in an unlicensed band.
Observation: The LAA performance loss can be significant as UE-to-UE interference increases.

Suggestion: Discuss necessity to address UE-to-UE interference problem and the potential solutions.
4. Summary and conclusions

In this contribution, we provided simulation results to observe the impact of UE-to-UE interference on LAA DL performance. The observation and suggestion of this contribution are summarized as follows.
Observation: The LAA performance loss can be significant as UE-to-UE interference increases.

Suggestion: Discuss necessity to address UE-to-UE interference problem and the potential solutions.
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