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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization [1]. This contribution discusses DL synchronization and AGC issues in LAA. Note that in RAN1#80bis [2], we agreed following on synchronization in LAA.

	Agreements:
· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)

· serving cell’s DRS for RRM measurement
· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization

· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)
· If there is an additional reference signal, this signal can be used
· Note that Reference signals can be used at least for fine time/frequency synchronization

· FFS: Other candidates (e.g., initial signal, DRS)
· FFS: DRS for RRM may also support functionality for demodulation of potential broadcast data multiplexed with DRS transmission

· FFS if broadcast data transmission with DRS is recommended to be supported in Rel-13

· It should be noted that the potential broadcast data above cannot enable stand-alone operation of unlicensed carrier cells

· FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst


2. Synchronization in LAA
Basically, a UE can utilize licensed band carrier as a reference for time/frequency synchronization under the current assumption on CA of licensed carrier and unlicensed carrier in LAA. However, in case where non-collocated eNBs support licensed band PCell and unlicensed band SCell separately in a CA scenario, there can exist maximum 30.26 us timing difference between PCell and unlicensed band SCell. Also, the frequency difference between the UE synchronized with PCell and unlicensed band SCell can observe at most 0.6 ppm [3]. Therefore, LAA should provide functionality for time/frequency synchronization on unlicensed band at least for non-collocated CA scenario.

In RAN1#80bis, it was agreed that DRS can be used at least for coarse time/frequency synchronization. It was also agreed that reference signals (e.g., CRS and/or DMRS) within DL transmission bursts can be used at least for fine time/frequency synchronization. Once the UE detects DRS and achieves coarse time/frequency synchronization based on that, UE can keep tracking on the synchronization using reference signals imbedded in other DL TX bursts as well as DRS received further. In more details, two options can be considered for the UE implementation in time/frequency synchronization as follows. 
· Option 1) a UE can utilize DRS and reference signals imbedded within DL transmission burst targeting only the UE.
· Option 2) a UE can utilize DRS and reference signals imbedded within all available DL transmission bursts from the serving cell.
We provide system level simulation results of the distribution on when a UE receives the latest signals for synchronization before it is DL scheduled in a subframe. We consider two alternatives on DRS transmission as discussed in [4]. For Alt.1, LAA cell transmits DRS in fixed time position within the configured DMTC. For Alt.2, LAA cell transmits DRS in one of different time positions within the configured DMTC. Detailed simulation assumptions are shown in our companion contributions [5],[6]. In figure 1, we can observe that the probability that the signals for synchronization are received at least 5 ms before data reception is higher than 92 % and the probability that the signals for synchronization are received at least 20 ms before data reception is about 98 %. Considering the mobility of UE configured with LAA DL would be small, this seems to be enough for achieving stable DL synchronization. 
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Figure 1. CDF of latest signals for synchronization with (a) Option 1 and (b) Option 2

3. AGC issues in LAA
In general, UE has to set the AGC gain in order to successfully receive DL transmission burst. UE needs to adjust AGC to perform cell identification and RRM measurement by detecting DRS. In addition, due to the discontinuous transmission behaviour in unlicensed band, UE may need to adjust AGC for data reception.
For DRS detection, UE can set AGC gain, for example, based on total received power without any knowledge of existence of target DRS. Figure 2 depicts the distribution of the difference between total received power and RSRP of serving cell for all LAA UEs. We can observe that the probability that total received power is 20 dB higher than the received power of DRS from serving cell is lower than 1 %. It means that if a UE equips ADC which enables to detect PSS/SSS 20 dB lower than AGC set point, then the UE can detect PSS/SSS with AGC gain set based on total received power. Considering typical UE implementation such as 10 bits ADC resolution including 5 bits margin, maximum achievable SNR is around 30 dB. Assuming minimum target SINR of DRS as -6dB as in Rel-12 small cell, 20 dB difference between total received power and target DRS reception power seems to be an acceptable level.
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Figure 2. CDF of the difference between total received power and RSRP of serving cell
After the successful detection of DRS from serving cell, the UE can adjust AGC gain based on the received power of DRS for the reception of DL transmission burst. If the gap between AGC setting value for DRS reception and AGC setting value for data reception is considerable large, the UE may hold both of two values. For example, the UE may use an AGC setting value to receive neighbour cell’s transmission within the configured DMTC and use another AGC setting value to receive serving cell’s transmission. 
Considering the observations above, regardless of DRS or data reception, special specification for the AGC gain setting may not be necessary. On the other hand, there was a concern UE may not be able to recover AGC gain setting immediately after a long DRX-off time. If this situation should be handled, DRS design may include a signal to help the AGC gain adjustment before PSS/SSS.
Observation: For LAA DL, time/frequency synchronization and AGC gain setting can be maintained by normal DRS and reference signals imbedded in other DL TX bursts without special handling.
4. Summary and conclusions

In this contribution, we discussed the necessity of specific handling for synchronization and AGC setting especially based on the evaluation results regarding time/frequency synchronization and AGC gain setting. The observation of this contribution is as follows.
Observation: For LAA DL, time/frequency synchronization and AGC gain setting can be maintained by normal DRS and reference signals imbedded in other DL TX bursts without special handling.
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