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1 Introduction

In this contribution, we present our views on the required functionalities and design targets for LAA. They are partly derived from the regulatory requirements for 5GHz band [2]. 
2 Required functionalities and design targets for LAA 

As mentioned in [2], LBT which is beneficial for ensuring fair co-existence with other radio equipment have the most significant impact to RAN1 work. Clear Channel Assessment (CCA) procedures and restrictions on the maximum channel occupancy need to be taken into account when considering the LTE frame design and operation on 5GHz. In particular, the maximum channel occupancy of 10ms or less means that the semi-static ON/OFF mechanism as specified in Rel-12 SCE does not work very well for LAA. As a result, enhancement to enable more dynamic ON/OFF operation is needed to meet the LBT requirements, including enhanced mechanism to indicate ON/OFF states of LAA cells.  
Proposal 1: LBT is supported for LAA to meet the regulatory requirements for different regions of the world. ON/OFF functionality as specified in Rel-12 SCE needs to be enhanced to enable more dynamic ON/OFF in order to meet the LBT requirements, including enhanced mechanism to indicate ON/OFF states of LAA cells.

However, not all regions in the world require LBT, e.g. LBT is not required in the US and South Korea. Furthermore, LBT requirements are also region specific, for example maximum channel occupancy in Europe is10ms or (13/32) × q ms (where q is a parameter from Extended CCA operation), depending on LAA is considered “frame-based” or “load-based”, but the maximum channel occupancy is less than 4ms for Japan. There are several options to handle such region-specific requirements.
Option 1: A single LAA solution is designed to meet the most stringent requirement of LBT. For example, Japan’s requirement on the maximum channel occupancy is more stringent than the European’s requirement; therefore LAA solution should be designed to meet maximum channel occupancy of < 4ms.

Option 2: LAA can be configured to meet different requirements imposed by different regions of the world. In this case, it is possible to optimize the performance of LAA subject to a given regulatory requirement. For regions that do not require LBT, LBT needs not be configured. For regions that require LBT, LBT parameters can be configured according to region-specific regulatory requirements.

Option 3: LBT support is mandatory for LAA even for regions that do not require LBT. LBT parameters can be configured according to region-specific regulatory requirements.

Option 3 seems to strike a good balance between minimizing specification, implementation and testing complexity and optimizing LAA performance given a regulatory requirement. Hence, Option 3 is preferred.
Proposal 2: LBT support is mandatory for LAA even for regions that do not require LBT, but LBT parameters can be configured according to region-specific regulatory requirements.

It is our understanding that LBT would only be required for co-existence with other RAT such as WiFi on 5GHz. LBT would not be required for co-existence with other LAA cells although it is also possible to define LBT for LAA cells co-existence as well. LTE was designed to enable co-channel cells to operate without LBT. Although there are interference issues with dense small cells deployments, they can be addressed with Rel-12 SCE features. Therefore, we expect LBT to be optimized only for co-existence with other RAT such as WiFi. 

Proposal 3: LBT is required for co-existence with other RAT on 5GHz and is not required for co-existence with other LAA cells. LBT should be optimized only for co-existence with other RAT such as WiFi.

Moreover, it can be beneficial from WiFi co-existence standpoint to allow alignment of LAA cells’ transmissions much as possible when WiFi APs are present in the neighbourhood. One example of alignment is shown in Figure 1, where it is shown that there is a common OFF period created by the intersection of the OFF periods of neighbouring LAA cells. Mechanism to enable common OFF period among LAA cells (even from different operators) can be studied. 
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Figure 1: Alignment of LAA cells’ transmissions
Proposal 4: It can be beneficial from WiFi co-existence standpoint to allow alignment of LAA cells’ transmissions much as possible when WiFi APs are present in the neighbourhood. 

According to the SID, LAA cell should be configured as a SCell which can be DL-only or can contain both DL and UL. Most of the features and procedures applicable to a legacy SCell such as activation/deactivation, cell/TP discovery/RRM measurement procedure (including with DRS), CSI measurements, SRS procedure, RACH procedure, HARQ-ACK procedures, self-scheduling and cross-carrier scheduling (at least from a licensed cell to a LAA cell, cross-carrier scheduling from a LAA cell may not make a lot of sense), EPDCCH should still be applicable for LAA SCell. However, some of the aforementioned features and procedures may need to be modified with the introduction of LBT. For example UL HARQ procedure may not be synchronous due to LBT. DL HARQ procedure may also need to be modified to reduce retransmission latency due to unavailability of the wireless channel. Further details of our views on the solutions for required functionalities and design targets for LAA can be found in [3].
Proposal 5:  LAA cell should support most of the legacy procedures for SCell with possible modifications to meet LBT requirements:
· SCell activation/deactivation;
· cell/TP discovery/RRM measurement procedure (including with DRS); 

· CSI measurements; 
· SRS transmission procedure (for LAA with UL);
· RACH procedure (for LAA with UL);

· HARQ-ACK procedures (e.g. asynchronous UL HARQ for LAA with UL);
· Self-scheduling & cross-carrier scheduling (from licensed cell to LAA cell);
· EPDCCH.
On the transmission modes to be supported on LAA, one option is to support all the transmission modes on the LAA. Another option is to support only DM-RS based transmission modes on the LAA (transmission mode 9, 10, 11) in order to minimize the CRS overhead. It should be discussed which option is to be adopted.
Proposal 6: It should be discussed if all transmission modes or only DM-RS based transmission mode 9, 10 and 11 are supported for LAA.
3 Conclusions
In this contribution, we discussed the required functionalities and design targets for LAA. Our views are summarized below.
Proposal 1: LBT is supported for LAA to meet the regulatory requirements for different regions of the world. ON/OFF functionality as specified in Rel-12 SCE needs to be enhanced to enable more dynamic ON/OFF in order to meet the LBT requirements, including enhanced mechanism to indicate ON/OFF states of LAA cells.

Proposal 2: LBT support is mandatory for LAA even for regions that do not require LBT, but LBT parameters can be configured according to region-specific regulatory requirements.
Proposal 3: LBT is required for co-existence with other RAT on 5GHz and is not required for co-existence with other LAA cells. LBT should be optimized only for co-existence with other RAT such as WiFi.
Proposal 4: It can be beneficial from WiFi co-existence standpoint to allow alignment of LAA cells’ transmissions much as possible when WiFi APs are present in the neighbourhood. Mechanism to enable common OFF period among LAA cells (even from different operators) can be studied.
Proposal 5:  LAA cell should support most of the legacy procedures for SCell with possible modifications to meet LBT requirements:

· SCell activation/deactivation;
· cell/TP discovery/RRM measurement procedure (including with DRS); 

· CSI measurements; 
· SRS procedure;
· RACH procedure;

· ACK/NACK procedure;

· HARQ procedure (e.g. asynchronous UL HARQ);
· Self-scheduling & cross-carrier scheduling (from licensed cell to LAA cell);
· EPDCCH.
Proposal 6: It should be discussed if all transmission modes or only DM-RS based transmission mode 9, 10 and 11 are supported for LAA.
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