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1 Introduction
In RAN#70, Rel-13 WI for LAA (Licence Assisted Access) has been completed [1] and a new work item was agreed for enhanced LAA (eLAA) of LTE in unlicensed spectrum [2]. This is a Rel-14 WI, thus the related specification work in RAN4 is scheduled to start from April 2016 (RAN4#78bis) meeting and to be finished by September 2016 (RAN4#80 and RAN#73) meeting. This is indeed a very tight schedule.

In Rel-13 LAA WI, DL CA has been considered. In Rel-14 eLAA WI, UL is considered in addition to already specified DL CA. 

In this contribution, we present our conclusions on receiver selectivity levels for LAA BS by describing simulations for adjacent channel co-existence when UL LAA is considered. The layout and deployment parameters are taken similar to RAN1 evaluations and while some additional adjacent channel related parameters are added. 
2 Coexistence Scenarios for evaluations

For LAA deployments, both indoor and outdoor scenarios are considered as described in [3]. 
2.1 Indoor deployment scenario

In Figure 1, we describe an example indoor deployment where LAA nodes and Wi-Fi APs are deployment along a corridor. The terminals can be deployed across the floor.
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Figure 1 Indoor deployment for in-building scenario
In RAN4, we are supposed to perform adjacent channel coexistence studies for the following coexistence cases:

1. Wi-Fi-LAA coexistence

2. LAA-LAA coexistence

2.2 Channel allocation

The adjacent channel coexistence case that is studied here is shown in Figure 2
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Figure 2 Adjacent channel carrier arrangements in LAA and Wi-Fi operations in 5GHz
2.3 Evaluation scenarios and simulation results
First, we describe the considered interference scenarios for both WiFi-LAA and LAA-LAA, and thereby we present the simulation results to show that the impact of relaxed BS-Rx ACS 35 dBc has relatively insignificant impact on the performance compared to BS-Rx ACS 46 dBc.
2.3.1 WiFi-LAA
Since both WiFi and LAA system have the same priority and have to follow the same channel access procedure, it is highly likely that there will be adjacent WiFi operations to LAA carrier. Depending on different bandwidth combinations, there are numerous use cases, example:

· WiFi and LAA with the same BW (LAA and WiFi has 20MHz BW)

· WiFi and LAA with the different BW (LAA has 20MHz BW while WiFi has higher bandwidth, e.g. 40MHz)

In order to limit the number of cases, we consider LAA and WiFi having same 20MHz carrier bandwidth, and consider the following interference scenarios, namely DL-to-UL and UL-to-UL interference scenarios, where WiFi is an aggressor and LAA is a victim, to analyse the impact on the BS receiver performance due to reduced ACS requirements. The following table shows the considered ACLR and ACS values for evaluation of the considered interference scenarios. Figure 3 illustrate the interference scenarios that are evaluated.
	Interference Scenario
	Aggressor (WiFi)
	Victim (LAA)
	Key parameters for evaluation

	DL-to-UL
	AP-Tx
	BS-Rx
	AP-Tx-ACLR=26dBc, BS-Rx-ACS={35,40,46} dBc.

	UL-to-UL
	STA-Tx
	BS-Rx
	STA-Tx-ACLR=26dBc, BS-Rx-ACS={35,40,46} dBc.
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Figure 3: Example to illustrate the considered interference scenarios for WiFi-to-LAA (denoted as LAA<-WiFi), where one operator, OP#A, has deployed LAA nodes on carrier, Fc1 and another operator, OP#B has deployed WiFi APs on adjacent carrier, Fc2.
2.3.2 LAA-LAA

In case of LAA-LAA coexistence, when there are two operators which are using carriers adjacent to each other, then the adjacent channel coexistence performance is well known, since 20MHz LAA nodes are very similar to 20MHz LTE nodes (for which the coexistence studies have been done in Rel-8 timeframe). However, Rel-13 LAA reduced the BS-Tx ACLR to 35 dBc, whereas WiFi AP-Tx has 26 dBc. So, in this paper, we propose to relax BS-Rx ACS since from well-known adjacent channel interference rejection ratio (ACIR) computation, the smallest of either ACLR or ACS dominates. So, Rel-8 ACS should also be relaxed while rendering minimal or negligible performance impact on the BS receiver. 
Similar to WiFi-to-LAA set-up, we consider LAA-to-LAA having same 20MHz carrier bandwidth, and similar DL-to-UL and UL-to-UL interference scenarios. The following table shows the interference scenario with considered ACLR and ACS values for evaluation.

	Interference Scenario
	Aggressor (LAA)
	Victim (LAA)
	Key parameters for evaluation

	DL-to-UL
	BS-Tx
	BS-Rx
	BS-Tx-ACLR=35dBc, BS-Rx-ACS={35,40,46} dBc.

	UL-to-UL
	UE-Tx
	BS-Rx
	UE-Tx-ACLR=30dBc, BS-Rx-ACS={35,40,46} dBc.


2.3.3 Simulation Results

We present the coexistence simulation results considering the static channel allocation where the simulation assumptions are given in our previous contribution in RAN4#78bis [4]. Annex. We show the performance of the aforementioned WiFi-to-LAA and LAA-to-LAA scenarios in terms of the distribution of ULSINR. 

 REF _Ref450750454 \h 
  depicts the distribution of UL SINR for DL-to-UL interference scenario. Under LAA-to-LAA scenario, the performance degradation in terms of SINR for ACS 35 dBc compared to ACS 46 dBc at 50th percentile is in the order of ~0.2 dB respectively. However, under WiFi-to-LAA scenario, the performance degradation in terms of SINR for ACS 35 dBc compared to ACS 46 dBc is and nearly 0 dB (~0.1dB). Hence, one can construe from these simulation results that the performance loss of relaxed ACS 35dBc relative to ACS 46 dBc, notably, in terms of SINR is negligible.
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Figure 4: Distribution of UL SINR for DL-to-UL interference scenario.

The distributions of SINR for UL-to-UL interference scenario are depicted in  REF _Ref450751684 \h 
  Figure 5. One could also infer similar to DL-to-UL scenario that the performance impact of relaxed BS ACS 35 dBc relative to BS ACS 46 dBc is insignificant.  
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Figure 5: Distribution of UL SINR for UL-to-UL interference scenario.

It is worth to highlight that the 4 cells of each operator are synchronized and the channels are static/fixed in these simulations. So, one could comprehend that the DL-to-UL interference scenario is one of the worst case interference scenario for the considered indoor co-existence set-up. If the cells are asynchronous of a considered operator, e.g., 2 cells are in DL and other 2 cells are in UL, then the expectation is that the performance of that scenario would be bounded in between the DL-to-UL and UL-to-UL interference scenario.
3 Proposal
Based on the above discussions, we propose the following:

Suitable ACS parameter for LAA BS would be 35dBc having negligible impact on the LAA UL performance.
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