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1. Introduction
It is seen as essential that LTE licensed-assisted access (LAA) system accessing unlicensed spectrum operates as a “good neighbour” for legacy systems, as captured in LAA Study Item description [1]. Hence both design targets as well as suitable mechanisms for fair co-existence need to be carefully considered during the SI, as we also note in [3]. Considerations need to address various co-existence scenarios, including 
· Co-channel co-existence with other technologies using the same band 

· Co-channel and adjacent channel co-existence with other LTE LAA services/networks 

· Co-channel co-existence with other LTE LAA nodes of the same LTE LAA network

· In-device co-existence in devices with modems supporting multiple 3GPP and non-3GPP radio technologies.

In this contribution, we consider L1 functionalities that facilitate efficient co-channel co-existence in the listed scenarios.  
2. L1 functionalities for co-existence with radars
Obviously different regions have different regulatory requirements for unlicensed band operation, as summarized in [2] and discussed in [4]. In order to achieve a single global design/solution as targeted in SID, LTE needs to support functionalities to meet regulatory requirements on any of the regions.

Protection of radar systems via Dynamic Frequency Selection (DFS) is required for certain frequency bands in regions including Europe, US, China, Japan, Korea beside others [2]. To meet the DFS requirements, multiple measurements related functionalities need to be supported: 

· Channel Availability Check (CAC)

· Off-channel CAC

· In-service monitoring

These functionalities clearly need to be supported in the eNodeB. However, these functionalities may be considered to be implementation specific and are tested with the related test cases specified by regulation already. 

From UE point of view, these DFS measurement functionalities need to be studied in LAA SID and finally specified in 3GPP for UE, if UE needs to support DFS for UL transmissions. The need for supporting DFS functionalities in UE is not fully clear. European regulations [5] identify a slave device that does not need to support DFS. LTE UE, if not supporting high transmission powers, can be considered as such slave device as LTE UE transmissions on Scell are sceduled by eNodeB. In [4], we propose that RAN1 clarifies the applicability of slave definition in the DFS context globally.    
Other requirements such as Channel Shutdown (achieved e.g. by using the LTE carrier aggregation framework through carrier activation/deactivation) or Uniform Spreading can be easily supported with existing LTE functionalities. Furthermore, these requirements hardly require particular L1 functionalities.

It can be noted that the DFS requirements, especially Uniform Spreading, effectively facilitate also fair spectrum use between multiple radio technologies as well as between multiple LTE LAA networks.  

3. L1 functionalities for co-existence with other RLAN and LTE LAA systems
Another regulatory requirement in Europe is adaptivity, which in this context means an automatic channel access mechanism that prevents a device from transmitting on a channel that is already occupied with transmissions from other RLAN systems. In other words, the regulations mandate the equipment operating on unlicensed spectrum in Europe to implement Listen-Before-Talk procedure by performing Clear Channel Assessment (CCA) before starting a transmission, to verify that the operating channel is not occupied. We consider LBT in more detail in [6] and compare the related equipment types, that is, Frame Based Equipment and Load Based Equipment. LBT procedure is not required in all regions. However, we see that it facilitates fair and dynamic co-channel co-existence with other RLAN and LTE LAA systems in an efficient and relatively simple manner and should be assumed as a baseline solution for facilitating inter-RAT co-existence. Furthermore, we see that additional co-existence mechanism significantly improving co-channel co-existence (i.e. interference management) e.g. between different LTE LAA networks or cells over the simple LBT mechanism can be studied in the LAA SI.

LTE was originally designed to rely on continuous DL transmissions. Introduction of LBT means that a cell needs to be able to be turned on and off dynamically at very short (sub-1 ms) time scale. Mechanisms enabling such on/off switching were extensively discussed within Rel-12, but without a reasonable use case. Now such dynamic cell on/off functionality need to introduced. When introducing dynamic cell on/off functionality, the specific requirements and conditions of LTE LAA LBT on unlicensed spectrum need to be taken carefully into account.
Observation: LTE LAA needs to support LBT functionality. 
Proposal #1: Functionalities for dynamic cell on/off switching for supporting LBT are introduced in LTE LAA. 

4. L1 functionalities for co-existence within single LTE LAA network

One of the strengths of LTE are the advanced solutions for inter-cell interference management and coordination, yielding efficient frequency reuse-1 operation between cells. While addressing the new co-existence cases with radar, other RLAN systems and between multiple, potentially uncoordinated LTE LAA systems, the original advantages of LTE on inter-cell interference management should not be lost. A simple example on such functionalities is UL TPC, avoiding unnecessary inter-cell interference on UL. 
We propose that LTE LAA will introduce a new procedure, LBT, for controlling channel access. As said, it provides a simple mechanism for fair coexistence with other RLAN systems and between multiple uncoordinated LTE LAA systems. However, simple uncoordinated LBT may in the worst case prevent frequency re-use 1 operation between LTE LAA SCells although otherwise LTE is well-equipped for such operation. A LAA SCell already transmitting on a channel can simply block neighboring cells of the same LTE LAA network from accessing channel simultaneously if simple LBT is employed without any inter-cell coordination. On the other hand, re-use 1 operation within single network is one of the key mechanisms for achieving high spectral efficiency. Hence we see it necessary to strive for the re-use 1 support of inter-cell LTE LAA Scells, and to take the necessary inter-cell coordination into consideration in the design of LBT procedure.
Proposal #2: LTE LAA should support functionalities necessary for frequency re-use 1 operation between LTE LAA SCells of same network. 

In the LAA SID [1], high priority is set on the completion of the DL only scenario. Nevertheless, support for both UL and DL on LAA SCell needs to be taken into account from the start of LTE LAA design, so that the scenario with UL and DL on LAA SCell can be completed efficiently after completing DL only scenario. For example, a somewhat similar situation is faced also with UL transmissions as is faced in the DL re-use 1 operation: simple LBT procedure may in the worst case prevent any multiplexing other than TDM within a cell. Therefore it is clear that UL related aspect should be kept in mind already from the start of the study. 

Proposal #3: Support for both UL and DL on LAA SCell is taken into account from the start of LTE LAA design, while keeping high priority on the DL only LAA SCell operation. 

When considering the scenario where LAA SCell includes both DL and UL, and assuming frequency re-use 1 operation within a network, it worth noting that the scenario has a lot of commonalities with typical LTE TDD scenarios. Cross-link interference (DL-to-UL and UL-to-DL) could severely limit system performance and is therefore typically avoided in LTE TDD. Due to aggressive TPC in UL when compared to DL, one can expect that transmission powers are frequently considerably lower in UL than in DL also with low power LAA SCells. This means that cross-link interference remains a source of severe interference also in LAA SCells. On other hand, it was noted during Rel-12 eIMTA work that mitigation of cross-link interference is essential to reduce the negative impact on system performance.

Based on the learnings from eIMTA work, we think that when LAA Scell contains both UL and DL, LTE LAA network should support aligning at least part of DL and UL subframes between cells in order to mitigate cross-link interference between cells. There are existing mechanisms available for interference mitigation defined in Rel-12 eIMTA. Those include e.g. support for multiple UL power control subframe sets and support for subframe set dependent Overload Indicator signalled via X2. The existing interference mitigation mechanisms should be reused with LAA as much as possible. A prerequisite for cross-link interference avoidance between cells is that the cells are synchronized. Hence we see that synchronous operation of at least neighboring LAA SCells belonging to the same network and having the same PCell should be supported and should be the baseline assumption for the studies, but also unsynchronized operation of LAA Scells should be enabled.     
Proposal #4: LTE LAA should support mechanisms for aligning at least part of DL and UL subframes between cells to avoid or manage DL-UL interference based on existing LTE mechanisms when applicable. 

LTE LAA SCell containing both UL and DL raises the question on fast adaptation between UL and DL resources according to the actual traffic. It was noted in Rel-12 eIMTA studies that dynamic traffic adaptation can provide considerable throughput gain especially in the small cell environment. Based on the learnings from eIMTA, it makes sense to support dynamic traffic adaptation also in LTE LAA SCell containing both UL and DL. 
Proposal #5: LTE LAA to support necessary functionalities for efficiently adapting UL and DL resources based on current traffic conditions. 

One of the basic issues in the LTE LAA design is whether UE has asynchronous or synchronous operation on LAA SCell: 

· With synchronous UE operation a UE remains synchronized to LAA SCell all the time. This also means that reference signals used for time/frequency tracking (e.g. CRS) as well as signals required for synchronization (PSS/SSS) need to be transmitted reasonably frequently and periodically.
· In asynchronous UE operation, when eNB loses the access to channel on LAA SCell, UE can no longer maintain accurate synchronization due to absence of reference signals (e.g. CRS). This also means that UE needs to re-acquire synchronization at the beginning of new DL transmission burst, thus increasing reference signal overhead as well as transmission latency. Obviously asynchronous UE operation minimizes interference due to absence of regular reference signal and synchronization signal transmissions..
We see that synchronous UE operation allows for very dynamic channel access, with switching time effectively down to 1 ms or less. Design of synchronous UE operation benefits also directly from the similar discussions on New Carrier Type and Small Cell ON/OFF in Release 12. On other hand, it is unclear how fast UE can re-acquire synchronization. However, it is clear that asynchronous UE operation requires considerable changes on L1 design, e.g. on reference signals and synchronization signals. Based on above, we see synchronous UE operation on LAA SCell more preferable and propose that functionalities for supporting synchronous UE operation, such as necessary synchronization and reference signal transmissions, are studied further in LAA SI. 
Proposal #6: LAA SI should study synchronization and reference signal transmissions with sufficient periodicity for UEs to perform cell search and maintain synchronization with LTE LAA SCell continuously. 

5. Summary
In this contribution, we discussed the potential LTE LAA functionalities that facilitate coexistence with other radio technologies, other LTE LAA networks and within the same LTE LAA network.   

Based on the discussions in this paper, we make the following observations and proposals:

Observation: LTE LAA needs to support LBT functionality. 
Proposal #1: Functionalities for dynamic cell on/off switching for supporting LBT are introduced in LTE LAA. 

Proposal #2: LTE LAA should support functionalities necessary for frequency re-use 1 operation between LTE LAA SCells of same network. 

Proposal #3: Support for both UL and DL on LAA SCell is taken into account from the start of LTE LAA design, while keeping high priority on the DL only LAA SCell operation. 

Proposal #4: LTE LAA should support mechanisms for aligning at least part of DL and UL subframes between cells to avoid or manage DL-UL interference based on existing LTE mechanisms when applicable. 

Proposal #5: LTE LAA to support necessary functionalities for efficiently adapting UL and DL resources based on current traffic conditions. 

Proposal #6: LAA SI should study synchronization and reference signal transmissions with sufficient periodicity for UEs to perform cell search and maintain synchronization with LTE LAA SCell continuously. 
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