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1 Introduction
LTE makes significant use of precoding and beamforming capabilities and it is expected that these functionalities will be among the key components of the licensed assisted access (LAA) design as well, meaning that LAA DL transmission burst transmissions can be expected to exhibit a distinctive directional power emission characteristic. The impact of that power emission directivity on the Listen-Before-Talk (LBT) behaviour on unlicensed bands at 5GHz will be discussed in this contribution. 
2 Discussion
2.1 Reference Symbols within LAA DL Transmission Bursts
Reference signals such as CRS, CSI-RS or DRS that are used for the purpose of channel state information measurement, RRM measurement, cell discovery and synchronization should therefore be send in an omnidirectional pattern
 covering the whole cells area so that all UE are within the cell area are able to perform these tasks. 
PDSCH transmissions with beamforming (such as for example TM9 or TM10) will on the other hand steer the transmission power into a specific direction given by the UE position in order to achieve high SINR levels especially for cell-edge UEs. A significant effect of the beamforming that directly affects the LBT behaviour of competing devices is that the power emission in other directions will be reduced compared to an omnidirectional power emission.
The overall power emission pattern within an OFDM symbol duration is given by the summation of the power contributions of all resource elements. Taking into account the assumption that CRI-RS (or CRS) will be send in omnidirectional fashion from a single antenna element/port and that a PDSCH will be send in a specific direction while reducing the power emission in other directions due to the combination of different antenna elements/ports, it can be expected that overall power emission pattern (taking into account all subcarriers) within an LAA subframe will alternate between two patterns; one emission pattern for OFDM symbols without CSI-RS (or CRS) and one for OFDM symbols with CSI-RS (or CRS), as shown under the assumption of wideband PDSCH allocations in Figure 1 and Figure 2, respectively. The same effect applies in general for other omnidirectional transmissions, such as for example PSS/SSS, within the beamformed RBs as well.
The following discussion addresses the exemplary CSI-RS case. Figure 1 and Figure 2 show how the directional power component for the PDSCH transmission is reduced in OFDM symbols with CSI-RS since not all REs are assigned to the PDSCH. These OFDM symbols show however a distinctive omnidirectional component due to the contribution of CSI-RS resource elements.
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Figure 1: PDSCH power emission pattern for 
OFDM symbol without CSI-RS 
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Figure 2: PDSCH power emission pattern for 
OFDM symbol with CSI-RS


The mapping of the two power emission patterns to the OFDM symbols of an LAA subframe with a CSI-RS pattern is shown in Figure 3. The critical issue is here that the minimum CCA duration used by Wi-Fi nodes is significantly shorter than the OFDM symbol duration of LTE (34 us Wi-Fi DIFS duration compared to 71.3 us LTE OFDM symbol duration in case of normal cyclic prefix). From point of view of competing Wi-Fi or other LAA nodes, the unlicensed channel might therefore be considered free or occupied depending on the observed OFDM symbol. The exemplary Wi‑Fi node in the figures above will assume a free channel in OFDM symbols without CSI-RS and an occupied channel in OFDM symbol with CSI-RS. 
If certain LAA UEs, such as UE2 in the example, are required to perform CSI or RRM measurements based on CSI‑RS transmissions within an LAA DL transmission burst, this will be severely interfered by Wi-Fi nodes that will initiate data transmissions during the LAA DL transmission burst since they see the channel as free between the OFDM symbols with CSI-RS. This will yield a very low reported CQI level from such an UE or it might even render the whole CSI-RS based report unfeasible. The reporting UE will expect very low SINR levels although the interfering Wi-Fi node would not cause interference to the UE during PDSCH transmissions due to proper power emission pattern adaptation by means of beamforming.
The impact of alternating transmit power emission directivity within an LAA DL transmission burst can therefore have severe impact on the system performance. The current RE allocation and precoding patterns for CSI-RS (and CRS) were designed for licensed band operations without coexistence requirements based on LBT. The impact of these patterns on the LBT behaviour and potential necessary adaptations should be evaluated thoroughly in order to provide satisfactory LAA performance in all envisioned deployment scenarios with Wi-Fi coexistence.
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Figure 3: Exemplary LAA downlink subframe with CSI-RS

Observation 1: 
Alternations of the transmit power emission directivity within LAA subframes can yield negative impact on CSI and RRM measurements.
Proposal 1:
RAN1 should take into account the impact of alternating transmit power emission directivity within LAA subframes when designing CSI and RRM measurement procedures for unlicensed band operation.
2.2 Multiple Precoders within LAA DL Transmission Bursts 
A similar problem as described in the previous section occurs when the PDSCH precoder is changed between subsequent subframes. Figure 4 shows an exemplary LLA DL transmission burst with subsequent wideband PDSCH transmissions to two UEs. 
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Figure 4: LAA DL transmission burst
Assuming beamforming within the LAA DL transmission burst, Figure 5 and Figure 6 shows the corresponding power emission patterns for the subsequent PDSCH transmissions. The assumption is here that the first part of the LAA DL transmission burst is used for a PDSCH transmission to UE1, and the second part of the burst is used for a PDSCH transmission to UE2. Following the given example, the exemplary Wi-Fi node will see the channel as free in the first part of the LAA DL transmission burst and might therefore initiate data burst transmissions. If the eNB will now start the PDSCH transmission for UE2 without additional CCA within the LAA DL transmission burst, the reception will be heavily interfered by the Wi-Fi transmission. The interference from that Wi-Fi node was no problem for UE1, but UE2 will experience a very low SINR level.
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Figure 5: Exemplary first PDSCH power 
emission pattern within LAA DL transmission burst
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Figure 6: Exemplary second PDSCH power 
emission pattern within LAA DL transmission burst


This example shows that precoder change within an LAA DL transmission burst can create significant problems due to the direct impact on the LBT behaviour of competing nodes in the unlicensed band. This will yield a high degree of interference (and hence CQI) level estimation uncertainty which will have impact on the achievable throughput.

Observation 2:
Precoder changes within LAA DL transmission bursts can cause interference issues due to strong impact on the LBT behaviour of potential interferers competing for channel access.
Proposal 2:
RAN1 should take into account the impact of precoder changes within LAA DL transmission bursts when specifying the LAA functionality. 
2.3 CCA Threshold

The CCA threshold used for determining whether the channel is seen as free or occupied can have significant impact on the overall system performance in terms of throughput and fairness between coexisting equipment. It has to be distinguished between the absolute transmit power level and the equivalent isotropically radiated power (EIRP) level.

According to [1], the CCA threshold level (TL) has to be equal or lower than TL = -73 dBm/MHz + 23 - PM, where PM is the maximum transmit power level given in dBm EIRP. 

The use of low CCA threshold levels will yield low interference during the following channel access due to minimization of hidden station probabilities. It will on the other hand reduce the degree of spatial reuse of radio resources due to an increased number of exposed stations, as evaluated in [2].  

Especially the extensive use of beamforming can yield quite large differences between absolute transmit power level and the corresponding EIRP. It has to be ensured that the LAA design will take into account these effects in order to be compliant with the European regulation.

Proposal 3:
RAN1 should take into account the relation between maximum transmit EIRP level and CCA threshold when evaluating the impact of CCA thresholds on the system level performance. 
3 Conclusion
We discussed in this contribution the impact of LAA beamforming on the LBT behaviour in unlicensed bands. Based on the evaluation of different related aspects on OFDM symbol and subframe level granularity, following observations were made:

Observation 1: 
Alternations of the transmit power emission directivity within LAA subframes can yield negative impact on CSI and RRM measurements.
Observation 2:
Precoder changes within LAA DL transmission bursts can cause interference issues due to strong impact on the LBT behaviour of potential interferers competing for channel access.

These observations lead to following proposals regarding LAA work at RAN1:

Proposal 1:
RAN1 should take into account the impact of alternating transmit power emission directivity within LAA subframes when designing CSI and RRM measurement procedures for unlicensed band operation.
Proposal 2:
RAN1 should take into account the impact of precoder changes within LAA DL transmission bursts when specifying the LAA functionality. 
Proposal 3:
RAN1 should take into account the relation between maximum transmit EIRP level and CCA threshold when evaluating the impact of CCA thresholds on the system level performance. 
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� In case of sectorized deployments, the reference signals are just required to cover a certain geographical sector.
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