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1. Introduction

In RAN#65 plenary meeting, proposal for licensed-assisted access (LAA) using LTE was approved as Rel-13 LTE study item [1]. The SI targets to developing LTE standards to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements, especially considering 5 GHz band. 
In this paper, we suggest design target and required functionalities of LAA to support data offloading on unlicensed band especially considering coexistence with other networks such as WiFi, e.g., which may operate in the same unlicensed band.

2. General design target of LAA
The main purpose of introducing LAA in LTE is to support data offloading of UE in unlicensed band while the UE is connected to the PCell in licensed band at the same time for reliable maintenance of data communication and mobility. Since there are always existing solutions such as WiFi for wireless data communication in unlicensed band, LAA standard should achieve data offloading performance better than or at least comparable with other RAT for unlicensed band to be a competitive solution in unlicensed band. Moreover, LAA performance should be guaranteed when it coexists with other networks since different operator’s LAA networks or other RAT can coexist in the same unlicensed band (in the same carrier frequency or near frequency). Also, regulatory requirements in unlicensed band should be obeyed in LAA design [2]. Therefore, we suggest following as the general design target of LAA
Proposal 1:  LAA should achieve competitive performance with other existing standards (WiFi, etc.) targeting unlicensed band with and without coexistence of different operator’s LAA networks or different RAT in same band while being compliant with the regulations in unlicensed band

3. Design target of LAA for coexistence with other standards
3.1. Evaluation metric and target for Inter-RAT coexistence

LAA SID suggests the SI should define targets for coexistence of LAA with other unlicensed spectrum deployments as quoted below [1].
	Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. [RAN1, RAN4]


To assess the ability of coexistence of LAA with other unlicensed spectrum deployments, reasonable metric to test the coexistence performance should be defined. Considering LAA should respect coexistence with other existing solutions in unlicensed band, one aspect which can be considered as the metric for coexistence is the effect of LAA to the performance of other RAT in unlicensed band. WiFi can be used as a reference network for testing coexistence since it has been a prevalent solution in the market for unlicensed band so far. Therefore, we suggest following.

Proposal 2:  For evaluating coexistence performance of LAA with other RATs, WiFi is used as coexisting RAT while other RATs can be considered if necessary
In general, a RAT standard is designed in such way that system performance of the network is optimized when the radio resource is solely occupied by its own network without any other interfering network nearby. Therefore, there can be a performance degradation of a network which occurs by the network standard itself since the network standard is not optimized for the case of coexistence with other RAT. For WiFi standard, the followings can be examples of source of potential performance degradation when coexisting with other RATs due to WiFi standard itself [3]:
· Different CCA threshold for WiFi signal and unknown interference

· In 802.11ac standard, CCA threshold of -82 dBm is applied when WiFi training sequence or know WiFi signal is decoded but CCA threshold of -62 dBm is applied otherwise. Consequently, applying larger CCA threshold for unknown interference may degrade the efficiency of WiFi network when coexists with other RAT compared to the case of no coexisting RAT since the larger CCA threshold would reduce the radio access chance of WiFi nodes.
· Radio resource reservation via RTS-CTS exchange

· In 802.11 standard, WiFi nodes (AP/STA) can reserve the radio resource for a time duration by exchanging RTS/CTS signal before starting communication so that other nodes which are not participating the communication can mute for the reserved time duration not to interfere the upcoming communication. Unless LAA eNB/UE decodes RTS/CTS signal following WiFi standard, it is impossible to perfectly avoid interfering the radio resource reservation within WiFi network. Even though it could be one potential candidate solution of LAA to decode WiFi signal, such operation cannot be assumed as baseline for the coexistence study during SI.
The potential inefficiency of coexistence due to WiFi standard by itself as above should be considered as already given rather than created by coexisting LAA when evaluating coexistence performance. Therefore, in principle, effect of LAA to WiFi performance should be compared with that of other RATs to WiFi performance for the coexistence evaluation. On the other hand, it may be difficult to select another representative RAT than WiFi or LAA for coexistence test. A practical approach for coexistence test is to compare the effect of LAA to WiFi performance with that of WiFi network to another WiFi network which are regarded as unknown independent RAT to each other (e.g. two WiFi networks cannot distinguish each other’s transmission from noise, STAs operating within each WiFi network are independently generated, etc.). Therefore, we suggest the following.
Proposal 3:  The following is used as coexistence metric for evaluating coexistence between LAA and WiFi networks:

· WiFi performance with additional LTE network compared to the WiFi performance with additional other RAT.

· Practically, WiFi performance with additional other RAT can be evaluated by assuming two coexisting WiFi networks which are regarded as unknown independent RAT to each other
As for the target of the coexistence, LAA design may target harmless coexistence to the other existing solutions in unlicensed band. Especially considering WiFi as a representative existing solution, we suggest the following.
Proposal 4:  As for target of coexistence between LAA and WiFi networks, LAA design should strive to not degrade WiFi performance significantly with regard to the coexistence metric in proposal 3:

3.2. Scenarios for coexistence evaluation
To evaluate coexistence performance between LAA and WiFi using coexistence metric suggested in section 3.1, two types of coexistence should be evaluated, that is, WiFi_a + WiFi_b and WiFi + LAA, where “WiFi_a” and “WiFi_b” represent two WiFi networks regarded as unknown independent networks to each other. Those two scenarios are illustrated in figure 1.
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Figure 1 Examples of coexistence types
We suggest the followings as the details of deployment scenarios with two coexistence types for evaluation of coexistence performances between LAA and WiFi networks.
Coexistence type 1) WiFi_a + WiFi_b

· APs belonging to WiFi_a and APs belonging to WiFi_b coexist in a same geometrical region
· STAs belonging to WiFi_a and STAs belonging to WiFi_b are independently distributed in a same geometrical region
· WiFi_a network and WiFi_b network cannot distinguish signalling of each other from noise

Coexistence type 2) WiFi + LAA

· APs belonging to WiFi and eNBs belonging to LAA coexist in a same geometrical region

· STAs belonging to WiFi and UEs belonging to LAA are independently distributed in a same geometrical region

· WiFi network cannot distinguish signalling of LAA from noise

Proposal 5:  For the evaluation of coexistence between LAA and WiFi, coexistence type 1) and 2) above are used
To evaluate LAA performance in case of coexistence of different LTE operators, the following deployment scenario can be evaluated.
Coexistence type 3) LAA (operator A) + LAA (operator B)

· eNBs belonging to LTE operator A and LTE operator B coexist in a same geometrical region

· UEs belonging to LTE operator A and LTE operator B are independently distributed in a same geometrical region

· It depends on further candidate proposals for LAA design whether there can be some kind of signal exchange or cooperation/coordination between LAA networks of different LTE operators

Proposal 6:  For the evaluation of coexistence between LAA networks of different LTE operators, coexistence type 3) above is used

4. Required functionalities of LAA

LAA design should target to satisfying requirements of coexistence with other RATs or coexistence between inter-operator LTE networks. LAA should be also compliant with existing regulatory requirements in 5 GHz unlicensed bands in various regions as discussed in companion paper [4]. Based on such requirements, we suggest the followings as basic functionalities required for LAA operation.
4.1. Listen-before-Talk
LBT (Listen-before-Talk) operation is mandated in 5 GHz unlicensed band in some regions, for example, in European regions by ETSI regulation [2]. Moreover, LBT is an essential operation to guarantee LAA coexist as a “good neighbour” with other network deployments. Therefore, functionality for LBT operation should be introduced in LAA design.
4.2. Cooperation within LTE network

While LTE network and other RAT network may have to mainly rely on LBT operation for coexistence in a same unlicensed band, better cooperation than LBT can be achieved between LTE nodes within a single operator or even between multiple operators depending on the LAA design. Cooperation within LTE network can include CoMP, ICIC in time/frequency/spatial domain, interference cancelation, etc.
4.3. Non-continuous transmission

In LBT operation, eNB cannot transmit CRS or other necessary control signals (if any) continuously with guaranteed periodicity. Even without LBT operation, regulations in some bands in some regions [2] prohibit continuous transmission in unlicensed band. Therefore, eNB non-continuous transmission and the corresponding UE operations such as measurement, synchronization, etc. are required.
4.4. Maximum transmit power restriction
Maximum transmit power in unlicensed bands are regulated by both total transmit power limitation and transmit power density limitation [2]. Therefore, functionality to restrict maximum transmit power of eNB/UE is necessary to be compliant with regulations in unlicensed band.
4.5. Mitigation of short-term interference variation
When other RATs such as WiFi coexists with LTE LAA in an unlicensed band, time scale of interference variation can be much smaller than the case when LTE only is an existing system in licensed bands since transmission time unit of WiFi network can be much smaller than LTE. For example, OFDM symbol duration of WiFi system is defined as 4us and the packet length can be less than 100us which is much smaller than the 1ms subframe duration of LTE system. Therefore, LAA design should study enhancements of CSI feedback, data decoding, etc., considering short-term interference variation.
Proposal 7: 
The followings should be considered as required functionalities to be studied for LAA design.
· LBT (Listen-before-Talk)

· Cooperation within LTE network
· Non-continuous transmission
· Maximum transmit power restriction
· Mitigation of short-term interference variation
5. Summary and conclusions

In this contribution, we discussed design target and required functionalities of LAA to support data offloading on unlicensed band especially considering coexistence with other networks such as WiFi, e.g., which may operate in the same unlicensed band. The suggestions of this paper are summarized as follows.
Proposal 1:  LAA should achieve competitive performance with other existing standards (WiFi, etc.) targeting unlicensed band with and without coexistence of different operator’s LAA networks or different RAT in same band while being compliant with the regulations in unlicensed band

Proposal 2:  For evaluating coexistence performance of LAA with other RATs, WiFi is used as coexisting RAT while other RATs can be considered if necessary

Proposal 3:  The following is used as coexistence metric for evaluating coexistence between LAA and WiFi networks:

· WiFi performance with additional LTE network compared to the WiFi performance with additional other RAT.

· Practically, WiFi performance with additional other RAT can be evaluated by assuming two coexisting WiFi networks which are regarded as unknown independent RAT to each other

Proposal 4:  As for target of coexistence between LAA and WiFi networks, LAA design should strive to not degrade WiFi performance significantly with regard to the coexistence metric in proposal 3:

Proposal 5:  For the evaluation of coexistence between LAA and WiFi, coexistence type 1) and 2) in section 3.2 are used

Proposal 6:  For the evaluation of coexistence between LAA networks of different LTE operators, coexistence type 3) in section 3.2 is used

Proposal 7: 
The followings should be considered as required functionalities to be studied for LAA design.

· LBT (Listen-before-Talk)

· Cooperation within LTE network
· Non-continuous transmission
· Maximum transmit power restriction
· Mitigation of short-term interference variation
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