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1 Introduction
New Study item on Licensed-Assisted Access using LTE (LAA) was agreed in RAN#65 and RAN4 related work is planned to start from RAN4#74 meeting [1]. 
In this contribution, we provide our understanding on initial feasibility studies for UE and BS in LAA operation. 
We only consider DL CA with LAA bands in this contribution. The possibility of UL CA with LAA bands or standalone UL transmission from LAA bands is FFS.   
2 Potential bands for CA with LAA
In a complementary contribution in RAN4#74 [2], we propose the following CA combinations for LAA operation with LTE bands.

	Licensed band
	Unlicensed band
	Maximum aggregated BW
	Licensed CC
	Unlicensed CC
	CA configuration
	DL/UL in unlicensed CC

	Band 1 (FDD)
	65/66/67/ 68
	40
	5, 10, 15, 20
	20
	CA_1A-xA, {x=65,66,67,68}
	DL

	Band 1 (FDD)
	65/66/67/68
	60
	5, 10, 15, 20
	20+20 (two contiguous CCs)
	CA_1A-xC, {x=65,66,67,68}
	DL

	Band 13 (FDD)
	65/66/67/ 68
	30
	5, 10
	20
	CA_13A-xA, {x=65,66,67,68}
	DL

	Band 13 (FDD)
	65/66/67/ 68
	50
	5, 10
	20+20 (two contiguous CCs)
	CA_13A-xC, {x=65,66,67,68}
	DL

	Band 41 (TDD)
	65/66/67/ 68
	40
	5, 10, 15, 20
	20
	CA_41A-xA, {x=65,66,67,68}
	DL

	Band 41 (TDD)
	65/66/67/ 68
	60
	5, 10, 15, 20
	20+20 (two contiguous CCs)
	CA_41A-xC, {x=65,66,67,68}
	DL


As seen in the table above, one licensed carrier together with 1 unlicensed carrier or 2 contiguous unlicensed carriers will be used. In this case, provided that, the bands do not have any harmonics and/or IMD issues, the CA configurations will be similar to any other inter-band CA configurations. Moreover, we assume DL SCell as SDL (FDD), thus, inter-band CA with Pcell in licensed LTE is feasible, just similar to any other inter-band CA cases. Since more than one Scells already exists for many inter-band CA cases, this should be similar to those inter-band cases when more than one Scells in unlicensed band are used.
As it is described in [2], the pass bands are quite large for LAA bands, thus, if the LAA carrier bandwidth is 20MHz, there will be 5 carriers in band 66 (i.e. 5150-5250MHz). So, the LAA carrier in the CA need to coexist with multiple other carrier in the LAA band as it is used with primary licensed carrier.

So, under the assumptions that, we concentrate on the following for CA with LAA bands, 

· I UL with either 2DL or 3DL is considered in this contribution, where UL is allocated in licensed band and the carriers in unlicensed band are always contiguous (if more than one)

· Both FDD and TDD can be the licensed cell. Thus, in CA with LAA bands, both TDD and FDD will be considered.

Also, similar to many other inter-band CA configurations, the two bands will have certain isolation between the bands within a terminal. This is the same condition as that of inter-band CA.

Observation: 
In general, CA of licensed band with LAA bands can be similar to other inter-band CA configuration, such that some of the understandings and agreements of inter-band CA in RAN4 can be re-used in CA with LAA configurations.
Observation:

CA with LAA operations will render LAA bands as SDL with PCell in licensed band. 
3 Deployment scenario

From TS 36.300 V11.7.0, the following CA deployment scenarios are shown as follows: 
	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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Table 1: TS 36.300 v11.7.0 Table J.1-1: CA Deployment Scenarios (F2 > F1).
Following these deployment scenarios mentioned above, several different deployment options should be feasible, e.g.

1. Macro with RRH deployment

2. Macro with small cells in licensed carrier and LAA in 5GHz as RRH

4 UE RF characteristics

4.1 Baseline RF architecture
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Figure 1 UE RF architecture for CA with LAA operation when licensed band in FDD (top), simplified LAA branch in the architecture when only DL CA is considered (bottom) 
For inter-band CA between a licensed carrier and LAA may follow L/H UE RF architecture as shown in Figure 1, when the licensed band is FDD. In this case, a diplexer can be used for inter-band aggregation. The diplexer can be similar to any other diplexer used in the inter-band CA combinations, however, the insertion loss introduced due to diplexer for 5GHz band could be higher compared to other diplexers (e.g. 2GHz or 3.5GHz). 

The receiver at LAA band needs a receive filter, since the LAA receiver needs to be protected from licensed band transmitter. Regarding the design of the receive filter for LAA band, the filter should sufficiently reject signals at 2GHz band, 3.5GHz and also in 800MHz range (provided the same UE transmits in any of these spectrum).  

Since we only consider DL here, the SPDT switch and the UL PA for LAA band at the UE can be avoided, thus a receive filter is simply enough for LAA path. Note that, for any combination where harmonics and /or IMD product relations exist between the licensed carrier and the unlicensed band, separate UE architecture may be needed. 

Corresponding UE RF architecture for the case with licensed carrier as TDD is shown in Figure 2. Similar to previous case, a diplexer can be used, when two SPDT switches are needed. However, considering DL only operation that we consider in this contribution, the SPDT for LAA branch can be avoided, as shown in bottom figure of the Figure 2
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Figure 2 UE RF architecture for CA with LAA operation when licensed band in TDD (top), simplified architecture considering DL only operation (bottom) 
4.2 UE transmit power and other TX characteristics
The UE transmitter is in the licensed band for the LAA operation being discussed in this contribution. Thus, regarding Tx characteristics, e.g. UE power class, ACLR, transmit inter-modulation quality, spurious emission, etc, all currently available requirement apply in LAA operation. 
If UL in LAA band is considered in Rel-13 timeframe or beyond Rel-13 timeframe, then all UE transmit characteristics need to be revisited at a later stage.
4.3 UE Rx characteristics

Since new bands are defined in LAA operation, receiver requirements, such as receiver sensitivity, adjacent channel selectivity, blocking performance, etc, need to be defined for LAA bands in unlicensed spectrum. However, the method to define these requirements will be similar to any other bands.
The combination of intra-band contiguous aggregation (in case of contiguous CA in LAA bands) and inter-band aggregation with licensed carrier will be covered in the receiver specification since the combination of intra-band and inter-band CA is already included in the spec.
5 Feasibility of LAA BS operation
Similar to any other inter-band CA operations, the LAA combinations should be feasible from BS point of view. 

For many of the currently available inter-band combinations, Rel-8 BS requirements apply. Some of the LAA BS RF requirements may only apply in certain regions either as optional requirements or set by local and regional regulation as mandatory requirements. Keeping it to norm in RAN4 spec, it will normally be not stated in the 3GPP specifications under what exact circumstances that the requirements apply, since this is defined by local or regional regulation.
5.1 BS transmitter characteristics

New BS class may not be needed, since the power levels are covered with existing BS classes. 
5.1.1 Adjacent channel leakage ratio

Adjacent channel leakage ratio (ACLR) signifies the ratio between average transmit power in the desired channel compared to aggregated amount of interferences caused by the desired carrier to the carrier located next to it. Values are expected to be relevant for ”worst case” scenario, i.e. maximum RBS transmit power nd maximum PRB allocation for the UE. According to 3GPP TS 36.104, E-UTRAACLR = 45dB for 20MHz carrier for both 1st and 2nd adjacent channels. The ACLR for RBS is shown in Figure 3.
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Figure 3 Adjacent channel leakage requirement for Rel-8 RBS
In the unlicensed band, the maximum output EIRP is defined as 30dBm and/or max 4watt. This means that, compared to a macro RBS, there will be at least 16dB less adjacent channel leakage in LAA band, when the macro transmit power is 46dBm. Moreover, the ACLR for Wifi is specified as 23.5dBc. This is very much relaxed compared to Rel-8 RBS ACLR. So, it is our belief that due to applicability of LAA BS in unlicensed bands, there may be a need to reconsider ACLR characteristics of the LAA base station. While considering the possibility for transmit side RF relaxation, we should keep in mind that Tx relaxation is tightly coupled with transmit power. When maximum allowed transmit power is higher, then relaxing the transmitter leakage requirement may not be possible. When allowed maximum DL power is reduced, then there are possibilities for relaxing the leakage requirement. In case of LAA BS, the output power levels are much lower.
In Table 2, we present some initial evaluations on the relationships between output power, EVM and ACLR for RBS. The impact of PA, phase noise and I/Q imbalance are included in the investigations. There are other imperfections which may affect the EVM performance as well, e.g. impact of DAC on the EVM performance, etc. Roughly, PA contributes 50% of EVM. 
Relaxation of ACLR may cause in-band distortion to increase, thus the resulting EVM becomes worse if ACLR is relaxed. The results in the table below show that, ACLR and EVM are very closely related. Besides, this relationship also depends on actual output power. At an output power level of 24dBm, EVM is 8.81% when ACLR is -35.22dBc. This level of EVM is required when 64QAM is supported. 
	Power in dBm
	EVM in %
	ACLR in dBc

	27
	11.34
	-30.00

	24
	8.81
	-35.22

	21
	7.66
	-40.65

	18
	7.21
	-46.49


Table 2 Relationships between output power, EVM and ACLR
Besides, the impact of relaxed ACLR in fairness mechanisms, e,g, LBT (Listen-before-talk) should also be investigated. On top of this, when UL is allowed in LAA bands, then the LAA node ACLR will have directly impact on UE UL transmissions.
5.1.2 256QAM in LAA nodes

Since 256-QAM is an important feature for small cells, thus similar to any other small cell nodes, 256QAM capabilities are required for LAA nodes. This will provide the peak data rate advantage of LAA node. 

The capability to support 256-QAM in any node highly depends on transceiver imperfections, which are modeled using an error vector magnitude (EVM) for the received modulation symbols. The corresponding SINR loss due to this EVM becomes: SINREVM = (EVM)-2. The total SINR due to noise and interference, plus the EVM impact can be calculated as: SINRtot = (SINRint-1 + SINREVM-1)-1 
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Figure 4 SINR impact due to EVM and the relationship with 256QAM
256-QAM requires 25~30dB of SINR. If we plot these two relationships above, then we can see that, for a link SINR of 30dB (solid black line which includes the interference and noise part of SINR), the total SINR (including EVM impact on the SINR) can be between 25~30dB when the EVM is around 4.5%. Looking at this result in Figure 4 and the analysis in Table 2, even though it is more reasonable to relax the ACLR characteristics from current Rel-8 specification for LAA spectrum, however it is also clear that the relaxation cannot be arbitrarily high to the level similar to Wifi systems. Relaxation of LAA RBS ACLR value beyond a certain level will cause in-band distortion to increase, which will in turn hinder support of higher order modulation, e.g. 256-QAM. 

If we choose to relax the ACLR arbitrary low to be close to Wifi ALCR values, then we may be only able to support 64-QAM. For supporting 256-QAM, we may have to use power backoff in DL for obtaining reasonable EMV levels, while sacrificing the coverage of the cell. This may not be acceptable in some scenarios.

Thus, the exact relaxation is left for FFS.
Observation: 
ACLR in LAA RBS can be relaxed only up to a level since support of higher order modulation is important for LAA nodes.

Observation: 
ACLR can be relaxed from 45dBc for LAA nodes to be operated in CA with licensed bands; however the exact level of this relaxation is left FFS. 
5.1.3 Out-of-band emission 

As seen from TR 36.899, the out-of-band emission mask for RLAN equipment in Europe is shown in Figure 5. This mask is directly related to the transmitter requirements, thus, it should be checked if the current specification supports the requirements such as this one.

It is worth noting here that, different regions may have different requirements for LAA bands.   
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NOTE:
dBc is the spectral density relative to the maximum spectral power density of the transmitted signal.
Figure 5 Transmit spectral power mask for RLAN equipment operating within the frequency bands 5150-5250 MHz; 5250-5350 MHz or 5470-5725 MHz (source: Figure 4.1.1-3a [2])
5.1.4 Frame-timing synchronization 
One of the main requirements for CA operation is tight frame timing synchronization between the carriers. The timing alignment error defines the levels of frame timing synchronization that is required. As stated in 36.133, “For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals.”  The requirement is as follows: “For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.”
We prefer to maintain this requirement valid for CA with LAA nodes, since this will ensure that many of the RRM and performance requirements can still be reused in LAA operations. 

5.2 BS receiver characteristics

As we have said earlier, we only consider DL only CA with LAA bands in this contribution, thus, if UL is only allowed in licensed band, then no receiver characteristics for LAA BS are needed at this moment. 

However, LAA BS is required to perform Listen-Before-Talk (LBT) before it can decide to transmit on any of the carriers in DL in LAA bands. Thus, receiver requirements for LBT operations need to be specified for LAA BS. The LBT procedure should be able to detect other wifi systems, as well as other LAA transmission in any particular carrier. Thus, some of the current UL receiver requirements can be reused. However, since LBT detection is an implementation specific technique, further investigation may be required from RAN4 point of view. 
6 Conclusion

CA of licensed band with LAA band is a promising feature for LTE network where the LTE can provide higher data rate compared to other systems operating in 5GHz unlicensed bands. In general, CA of licensed band with LAA bands can be similar to other inter-band CA configuration, such that some of the understandings and agreements of inter-band CA in RAN4 can be re-used in CA with LAA configurations. 
Since this is a new paradigm for 3GPP, some of the issues may require new ways of thinking while determining the usability of such features in LTE network. 
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