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1
Introduction
The Study Item “Study on Licensed-Assisted Access using LTE” was approved in RAN#65. The Study aims at determining a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. As a natural starting point, commonality with existing functionalities should be maximized, when possible. 
One particular aspect with operation on unlicensed spectrum is the need to co-exist with other equipment on the same carrier. As discussed in [1,] [2], and [3] in order to comply with certain regulatory requirements, eNodeBs and UEs transmitting on unlicensed bands will need to perform Listen-Before-Talk (LBT) / Clear Channel Assessment (CCA) procedures before being permitted to transmit. This inherently means that when the channel is deemed to be occupied, the eNodeBs and UEs must suspend their transmission. In other words, licensed assisted access using LTE must support dynamic (subframe level or faster) ON/OFF switching of transmission. In this contribution we discuss the implications of dynamic ON/OFF switching on LTE LAA system design taking the existing regulatory framework into account.   
2
Discussion
It is generally well understood that unnecessary transmissions on unlicensed carriers need to be kept at minimum level in order to avoid interfering other devices or access point operating on the same carrier frequency. Furthermore, LBT requirements mean that the eNodeBs and UE operating on unlicensed carrier may need to stop transmission from time to time to monitor whether the channel is available, and if not, suspend transmission for the duration of one or more subframes. On the other hand, in order to be able to operate, LTE Rel-8-12 terminals assume presence of certain downlink signals and channels. In the following we discuss briefly these functionalities from legacy LTE point of view.
2.1 Cell search and RRM measurements:

Before being able to operate on a cell, a terminal needs to first synchronize to the cell based on some predefined signals. In the LTE Releases 8 -11, the initial cell search relies on PSS/SSS as well as CRS, which are transmitted continuously, and the UE can assume to find at least one instance of each signal during any 6 ms time interval. In Rel-12 Discovery Signals were standardized to allow for discovery of cells that otherwise do not transmit any signals (e.g. deactivated SCell that the network has chosen to turn off to reduce interference and energy consumption). The cell discovery process can be considered to have two distinct steps:  

Step 1: Acquiring synchronization and PCI: In the current LTE, based on PSS/SSS signals, the UE first acquires time and frequency synchronization. The PSS/SSS also allow the UE to know the PCI of the measured cell – there is a one-to one mapping between PCI and a pair of PSS and SSS sequences. 

Step 2: Measuring RSRP/RSRQ of the cell: In the current LTE releases, from the PCI, the UE can determine the transmitted CRS ports and their time/frequency locations. The CRS then allow the UE to do the RRM measurements (i.e. RSRP/RSRQ). After this step, the cell discovery is complete and the UE has the relevant measurement information of the cell to be reported to eNB.

From LTE LAA operation point of view, we see that these same functions need to be supported as well. Given that the regulatory framework prevents continuous transmission on unlicensed carriers at least in some regions, we see that Discovery Signal type of transmissions would be the naturals starting point for enabling cell search and RRM measurements in LTE LAA.

Observation #1: Discovery Signal type of transmissions can facilitate cell search and RRM measurements for unlicensed carriers.
2.2 Time/frequency synchronization and tracking:
Considering that the eNodeB (or LTE-LAA equipment in general) will need to suspend transmissions from time to time (i.e. perform ON/OFF switching) to comply with regulatory requirements such as LBT, two alternative ways for UE operation can be identified from the UE synchronization point of view:

· Asynchronous on/off operation assumes that once the cell (AP) is turned off, the UE will no longer maintain accurate time/frequency synchronization due to absence of dense enough reference signals (i.e. PSS/SSS/CRS). Consequently, during the OFF-period the eNodeB does not need to transmit any signals. The drawbacks of this option relates to the time required for the UE to re-acquire synchronization after the cell is moved to ON state again. An observation based on the past studies such as Rel-12 New Carrier Type and Small Cell PHY Enhancements SIs/WIs is that there appears to be no clear understanding or consensus in 3GPP on what would be the time needed for the UE to regain synchronization. However, the first estimate can be drawn from the requirements currently in place for SCell activation in CA, which may take up to 34ms. Moreover, some additional latency due to on/off indication may need to be taken into account as well. This makes asynchronous on/off operation rather impractical in LTE-LAA scenarios, where LBT may need to be performed often (e.g. based on the max. channel occupancy time) to check whether channel is occupied or not.

· Synchronous on/off operation assumes that UE remains synchronized all the time. For this purpose, reference signals used for time/frequency tracking (e.g. CRS) as well as signals required for synchronization (PSS/SSS) need to be transmitted reasonable frequently. The findings from NCT studies indicated that around 5 to 10 millisecond periodicity is required for CRS transmission to accomplish this. Assuming that only reasonably low-mobility UEs need to be supported, the periodicity can potentially be reduced even further - an aspect that requires further studies by RAN1 and RAN4. With synchronous UE operation, the achievable ON/OFF transition time is in practice instantaneous and a cell can handle data immediately after it is able to occupy the channel, and the performance potential of LTE LAA can be maximized.

Considering the LTE LAA scenario, synchronous operation has clear merits, as it permits very rapid (sub - 1 ms time scale) on/off switching. The uncertainty lies in the way the synchronization can be maintained. 

Observation #2: Synchronous UE operation minimizes the ON/OFF transition times and results in optimized latency and performance for LTE LAA. 

Regarding the signals used for synchronization and time tracking, the first key aspect to understand is how frequently the UE needs to receive reference signals required for synchronization (denoted here as S-RS) in order to maintain synchronization. Prior studies on NCT and Small Cell enhancements hint that periodicity in the order of 10 – 20 ms or even more should be feasible at least in the case of low mobility. We see that thorough evaluations on the sufficient assumption for periodicity will need to be carried out by RAN1 / RAN4, while utilizing the prior work done in different Sis/WIs as much as possible. Moreover, we see that a minimum synchronization time requirement (MSTR) needs to be determined, defining the time window during which the eNodeB may assume the UE to remain synchronized after one or more  most recent S-RS transmission(s) (assuming sufficient number of preceeding S-RS transmissions for synchronization). This is necessary to ensure that the UE and the eNodeB have a common understanding on whether the UE can be expected to be synchronized to a cell or not. A UE which is not synchronized cannot be scheduled on the unlicensed carrier and will not need to e.g. perform PDCCH/EPDCCH blind decoding 
Proposal #1: RAN1 and RAN4 should study the necessary periodicity of reference signals required for synchronization (S-RS) and determine a minimum synchronization time requirement (MSTR) defining the time window during which the eNodeB may assume the UE to remain synchronized after the most recent S-RS transmission.
2.3 Short Control Signals (SCS)

As discussed in [2] ETSI Standard EN 301 893 [4] defines that all equipment operating on unlicensed carriers are before permitted to transmit mandated to perform CCA procedure. There is one notable exception though: Short Control Signal (SCS) transmissions are not subject to CCA, i.e. SCS can be transmitted regardless of whether the channel is observed to be unoccupied or not. ETSI Standard EN 301 893 defines Short Control Signal Transmissions as follows:
Definition 

Short Control Signalling Transmissions are transmissions used by Adaptive equipment to send management and control frames (e.g. ACK/NACK signals) without sensing the channel for the presence of other signals. 

NOTE: It is not required for adaptive equipment to implement Short Control Signalling Transmissions. 

Limits 

If implemented, Short Control Signalling Transmissions of Adaptive equipment shall have a maximum duty cycle of 5 % within an observation period of 50 ms.
Considering the need for regularly transmitted signals to facilitate cell search, synchronization and RRM measurements as well as the clear benefits of synchronous UE operation, SCS appear to be an attractive alternative enabling efficient LTE operation on unlicensed bands where applicable. Hence we propose that the use of SCS to facilitate cell search, RRM measurements as well as time-frequency tracking to enable synchronous UE operation should be considered and studied further. 
Proposal #2: Using Short Control Signalling to facilitate cell search, RRM measurements as well as time-frequency tracking and synchronization to enable synchronous UE operation should be considered and studied further.
2.4 Japan-specific regulatory rules impacting synchronization and their implications
As discussed above, SCS framework provides a way to guarantee regular transmission of signals necessary for cell search, time frequency synchronization and tracking as well as RRM measurements. However, Japanese regulatory requirements (see e.g. [5]) do not recognize LBT-exempt transmission such as SCS, but instead all transmissions are subject to LBT/Carrier Sense. Therefore, using SCS for keeping the UE synchronized to the network (as discussed in the previous section) can be applied in all regions world-wide – except in Japan. In the following we discuss briefly the possible options for supporting UE synchronization taking Japanese regulations into account. Given that periodic transmission of S-RS cannot be guaranteed in Japan, one can consider a couple of main alternatives:

Opportunistic periodic transmission of S-RS: The eNodeB may configure periodic transmission opportunities for S-RS via the PCell similarly as in the case SCS transmission. However, each S-RS transmission is subject to LBT/Carrier Sense, and in case the channel turns out to be occupied, the transmission of S-RS (as well as any other transmissions) needs to be omitted. In order to avoid erroneous measurements when eNodeB is unable to transmit S-RS due to channel being occupied, the UE may detect the presence / absence of S-RS blindly (DTX detection) or alternatively get an indication e.g. via the PCell on the success of LBT. If the periodicity of transmission opportunities is sufficiently more frequent than the maximum time that the UE may stay synchronized (i.e. the MSTR), and the eNodeB observes free channel reasonably often, the UE can be considered to be sufficiently synchronized in order to enable reliable LAA operation. Taking the numerology from Japanese regulations as an example, assuming LBT needs to be performed before every 4 ms transmission burst, with MSTR of 20 ms and S-RS transmission opportunities configured to take place in every 4 ms burst, the UE can maintain synchronization even if the channel is unoccupied before only one out of 5 consecutive 4-ms slots
.  
Scheduled transmission of S-RS: Another alternative is to keep S-RS transmission fully Aperiodic and indicate the transmission to the UEs via e.g PCell over the licensed band. The drawback of this approach is the increased signaling load on the PCell, making this option considerably heavier. Moreover, the control information needs to be created based on LBT results, i.e. the control information creation on the PCell needs to be very fast based on successful or non-successful LBT on the LAA SCell. However, scheduled S-RS transmission appears to be an attractive option e.g. in the case of initial synchronization where transmission of more than a single S-RS burst within a single channel occupancy may be considered.
The two above solutions could also be seen as complementary: e.g. as long as the UE is synchronized, opportunistic periodic transmission of S-RS is a straight forward solution requiring no dynamic signaling. However, after the UE has lost synch, it may be more efficient to indicate to the UE explicitly when it may expect S-RS to be transmitted to e.g. avoid unnecessary UE energy consumption and blind decoding. 
Proposal #3: Scheduled as well as opportunistic periodic transmission of S-RS for LTE LAA should be considered and studied further.
3
Conclusion
In this contribution we have discussed the implications that regulatory side conditions regarding Listen-Before-Talk have on LTE Licensed Assisted Access L1 design. LBT requirements imply that dynamic (subframe level or faster) ON/OFF switching needs to be supported on LTE LAA carriers. This has clear implications on UE operation, and legacy procedures for Cell Search, RRM measurements, as well as time/frequency synchronization and tracking may not be directly applicable:  
Observation #1: Discovery Signal –type of transmissions can facilitate cell search and RRM measurements for unlicensed carriers.
Observation #2: Synchronous UE operation minimizes the ON/OFF transition times and results in optimized latency and performance for LTE LAA. 

Proposal #1: RAN1 and RAN4 should study the necessary periodicity of reference signals required for synchronization (S-RS) and determine a minimum synchronization time requirement (MSTR) defining the time window during which the eNodeB may assume the UE to remain synchronized after the most recent S-RS transmission.
Finally, we point out that Short Control Signalling Transmissions as defined in [4] can be considered as one building block to facilitate unlicensed band operation taking LBT into account and should be studied further. Moreover, as Japanese regulations for unlicensed band operation do not acknowledge LBT-exempt transmission, some specific arrangements will be needed there. 
Proposal #2: Using Short Control Signalling to facilitate cell search, RRM measurements as well as time-frequency tracking and synchronization to enable synchronous UE operation should be considered and studied further.
Proposal #3: Scheduled as well as opportunistic periodic transmission of S-RS for LTE LAA should be considered and studied further.
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� Here we assume for the sake of simplicity that each 4-ms burst include also the time used for carrier sense. 





