3GPP TSG-RAN WG4 Meeting #74bis
R4-151845
Rio de Janeiro, Brazil, 20-24 April, 2015
Source: 
Ericsson
Title: 
Feasibility of UE and BS operation of 5GHz band in conjunction with licensed bands
Agenda Item:
9.3.4
Document for:
Discussion
1 Introduction
New Study item on Licensed-Assisted Access using LTE (LAA) was agreed in RAN#65 and RAN4 related work has been started RAN4#74 meeting [1]. 
In this contribution, we provide our understanding on initial feasibility studies for UE and BS in LAA operation. 
2 Leakage and selectivity parameters for LAA nodes in unlicensed spectrum
The following table summarizes the leakage and selectivity parameters for LAA nodes and wifi APs. 

	
	ACLR
	ACS
	ACIR

	LAA
	45
	45
	LAA to wifi ACIR ≈21.98dB

	Wifi
	26
	22
	Wifi to LAA ACIR≈25.95dB


In terms of transmitter leakage and receiver selectivity performance, LAA nodes are much more superior compared to wifi nodes or stations. According to these numbers, wifi nodes has roughly 19dB higher emission levels compared to LAA, while roughly 23dB lower selectivity compared to LAA. Even though this is the case, when an LAA interferes with a wifi node, then the final interference ratio is better compared to the case when an wifi interferes an LAA node by around 4dB. This is because we protect the wifi nodes in both ways:

1. When LAA is an interferer, then LAA protects Wifi nodes by emitting at least 19dB less emissions compared to when wifi is the interferer.

2. When LAA is interfered, then LAA protects itself from Wifi interferer by virtue of having very good selectivity, i.e. at least 23dB better selectivity.

Observation-1: Having very good leakage and selectivity behavior from LAA is beneficial for other systems, while other systems barely fulfill the requirement in unlicensed spectrum.

Thus, it makes sense to study the relaxation of leakage and selectivity parameters for LAA nodes in the work item phase.

In case of LAA-LAA coexistence, when there are two operators which are using carriers adjacent to each other, then the adjacent channel coexistence performance is well known, since 20MHz LAA nodes are very similar to 20MHz LTE nodes (for which the coexistence studies have been done in Rel-8 timeframe). However, for CA with LAA operation may require some re-thinking compared to traditional LTE nodes in terms of some of the RF parameters, e.g. adjacent channel leakage parameters, etc. If ACLR and ACS differ from current LTE requirement, then the adjacent channel LAA operations between different operators need to be investigated. 
As a rough estimate, the leakage and selectivity parameters should be somewhat comparable to Wifi parameters, so that LAA nodes operate in comparable interference scenarios.
3 Relationship between ACLR, EVM and higher order modulation
Adjacent channel leakage ratio (ACLR) defined as 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 and 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 1watt. In some regions, this can be lower. 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 26dBc, as shown in [2]. 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.
However, relaxing the ACLR implies that the transmitted signal is non-linear which implies that the EVM will be higher with ACLR relaxation. Thus, one option is to relax the EVM requirements similar to ACLR, or discussing about the solutions to support higher order modulations which might be impacted due to the tight requirements of EVM. 
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.
3.1 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 
[image: image2.emf]2 4 6 8 10 12 14

15

20

25

30

35

40

EVM in %

SINR, dB

EVM vs SINR

 

 

SINRevm

SINRtot, SINRint=20dB

SINRint = 20dB

SINRtot, SINRint=30dB

SINRint = 30dB


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. 

Thus, the exact relaxation is left for FFS.
Observation-2: ACLR in LAA RBS can be relaxed only up to a level since support of higher order modulation is important for LAA nodes.

Observation-3: 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. 
3.2 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. 
4 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. 
We observe the following:
Observation-1: Having very good leakage and selectivity behavior from LAA is beneficial for other systems, while other systems barely fulfill the requirement in unlicensed spectrum.

Observation-2: ACLR in LAA RBS can be relaxed only up to a level since support of higher order modulation is important for LAA nodes.

Observation-3: 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. 
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