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1. Introduction

In the last RAN4 #75 meetings, the LAA SI had completed, and then LAA WI was agreed in the last RAN Plenary #68 meeting. The following functionality will be studied in RAN4 based on LAA Scells operating with only DL transmission.
· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)

· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)

· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)

· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)

· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)

In this contribution, we provide our view on the required LAA UE functional design issues such as AGC setting and synchronization issues based on DRS(Discovery RS: PSS/SSS + CRS/DM-RS) aperiodic transmission from LAA eNB. And also we show our view how to align the center frequency between Wi-Fi and LAA.
2. AGC set time
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. For the AGC control, RAN1 consider using one shot DRS detection, due to the discontinuous transmission behaviour in unlicensed band.
For DRS detection, UE can set AGC gain, for example, based on total received power without any knowledge of existence of target DRS. Figure 1 depicts the distribution of the difference between total received power (RSSI) and wanted PSS/SSS received power (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 even though a UE detect PSS/SSS 20 dB lower than AGC set point, the UE can detect PSS/SSS with AGC gain set based on total received power due to not over the AGC set point of LTE UE. In other words, considering typical UE implementation such as 10 bits ADC resolution including 5 bits margin, maximum achievable SNR is around 30dB. Assuming minimum target SINR of DRS as -6dB as in Rel-12 small cell, 20 dB difference between total RX power and target DRS reception power seems to be an acceptable level. The low/mid/high in figure1 means data traffic load for LAA.
Therefore we can keep the legacy AGC set time for LAA system using normal PSS/SSS and reference signals (CRS or DM-RS) imbedded in other DL TX bursts without special handling.
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Figure 1. CDF of the difference between total received power and PSS/SSS received signal power of LAA serving cell

Proposal 1: AGC set time of LAA UE can keep the legacy AGC set time when DRS in LAA system is considered using normal PSS/SSS and reference signals (CRS or DM-RS) imbedded in other DL TX bursts without special handling.

3. Synchronization issue
In the CA operation, RAN4 consider that synchronized case and unsynchronized case between PCell and SCell as s reference time is 30.26us. And also, frequency errors between Macro eNB and assigned small cell eNB defined as shown in Table 1 for synchronized environment in the TS36.104.
Table 1:  Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


Generally, UE can be supported by PCell in licensed band to adjust a reference time and frequency synchronization for the LAA system.
The worst frequency errors can be observed as 0.6 ppm [3] between the synchronized UE in Macro PCell and LAA SCell due to the combination of the UE frequency error and eNB frequency error.
RAN WG1 considered 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.
Figure 2 shows the system level simulation results of the distribution on when a UE receives the latest signals for synchronization before it is DL scheduled in a sub-frame. From the Figure 2, 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. 
It means that we consider DRS mechanism using PSS/SSS with reference signals, the discovery signals can be received in UE side at least 20ms with 98% even though eNB send DRS with aperiodic transmission by LBT according to the FTP traffic load.
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Figure 2. CDF of latest signals for synchronization

Therefore, it is possible to keep time/frequency synchronization by using one shot DRS detection even though aperiodic DRS transmission is assumed in LAA system.
Proposal 2: From the SLS results, the discovery signals or reference signals (e.g., CRS and/or DMRS) within DL transmission bursts can be received in UE side at least 20ms with 98% even though eNB send aperiodic DRS transmission. Hence it is possible to keep time/frequency synchronization by using one shot DRS detection.
4. Other UE RF issues for LAA
For LAA in Rel-13, RAN WG4 can only consider supplementary DL band in 5GHz frequency band.

In UE side, the LBT mechanism is not necessary since the LAA UE is only allowed receiving in the candidate channel. So there is no need for additional requirements to support LAA system compare to CA operation.

In section, we show our view on the example RF architecture for LAA UE, CA operation, LAA channel bandwidth and how to get EARFCN with co-channel Wi-Fi system.
4.1 LAA UE RF architecture
In the example architecture as shown in Figure 3, we consider single filter RF architecture to share the FE RF design between Wi-Fi and LAA system. Then each LAA and Wi-Fi operation is separated due to the share the PA and single filter. So, simultaneous LAA and Wi-Fi transmission/reception could not possible in the example RF architecture. If RAN4 would like to operate LAA and Wi-Fi simultaneously, then we should have separate antenna, front end filter/switch and RFIC. 

So we slightly prefer to use same FE component and antenna between LAA and Wi-Fi system.
Proposal 3: Same FE RF design (e.g. Filter, antenna and switch) between LAA and Wi-Fi system should be consider for example RF architecture.
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Figure 3. Example RF architecture for LAA UE

4.2 CA operation
For the CA operation in SI, we define CA bandwidth class up to 8 CCs for intra-band contiguous CA. But we do not have a consensus a detail CA operation in 5GHz wide band.
When we define single band in 5GHz, PCell is operated in incensed band and SCells are operated in 5GHz. Possible CA operations in5GHz are depicted in Figure 4.
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Figure 4. CA operation in LAA system
Intra-band contiguous CA in LAA spectrum might be supported using single receiver chain to cover whole DL bandwidths as shown in example RF architecture. However, the intra-band non-contiguous CA operation could be required more complex receiver design using separate down-converters and PLLs for each component carriers. It is directed impact to the UE cost to support intra NC-CA operation. If RAN4 decide to consider both CA operations in Rel-13, then RAN4 need more time to decide how many CCs can be supported in intra NC-CA, which sub-band gap is reasonable to support intra-NC CA operation in LAA system. 
Hence, we prefer to concentrate on the intra-band contiguous CA in first phase of LAA WI, then RAN4 support intra-NC CA in second phase in future release.

Proposal 4: In the first phase of LAA, RAN4 should be focused on the intra-band contiguous CA in LAA spectrum, then RAN4 support intra-NC CA in second phase in future release.

4.3 LAA channel bandwidth and EARFCN
In 5GHz unlicensed spectrum, Wi-Fi system only define at least 20MHz channel bandwidth due to wide frequency spectrum. To consistency with Wi-Fi system, we also prefer to define only 20MHz channel bandwidths in LAA system. Since major objectives of LAA system is to increase peak date rate within unlicensed spectrum. 
One raised issue is how to get aligned EARFCN for center frequency between Wi-Fi and LAA system.
In LTE system, RAN4 defined 100 kHz channel raster. The channel spacing in CA should be multiple of 300 kHz due to the EARFCN and subcarrier spacing. 

Current EARFCN is quite huge in LAA spectrum, it also increase to delay and power consumption to find center frequency. So EARFCN with 300 kHz spacing can be used in LAA system to fast detection of center frequency and reduce the power consumption in LAA UE.
Therefore, we propose as follow
Proposal 5: EARFCN with 300 kHz spacing can be used in LAA system to fast detection of center frequency and reduce the power consumption in LAA UE.

5. Conclusions


In this contribution, we show our view for related UE RF issues of LAA UE side. The followings are proposals in this paper.
Proposal 1: AGC set time of LAA UE can keep the legacy AGC set time when DRS in LAA system is considered using normal PSS/SSS and reference signals (CRS or DM-RS) imbedded in other DL TX bursts without special handling.
Proposal 2: From the SLS results, the discovery signals or reference signals (e.g., CRS and/or DMRS) within DL transmission bursts can be received in UE side at least 20ms with 98% even though eNB send aperiodic DRS transmission. Hence it is possible to keep time/frequency synchronization by using one shot DRS detection.
Proposal 3: Same FE RF design (e.g. Filter, antenna and switch) between LAA and Wi-Fi system should be consider for example RF architecture.
Proposal 4: In the first phase of LAA, RAN4 should be focused on the intra-band contiguous CA in LAA spectrum, then RAN4 support intra-NC CA in second phase in future release.

Proposal 5: EARFCN with 300 kHz spacing can be used in LAA system to fast detection of center frequency and reduce the power consumption in LAA UE.
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