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1. Introduction
In RAN1 #82bis, the following agreements were reached:
Agreements:
· RAN1 recommends signaling parameters describing the potential periodic subframes for NZP CSI-RS and CSI-IM configured for CSI measurement are the same as in Rel-12
· FFS: Aperiodic subframe case
· FFS: DRS occasion overlapping with potential periodic subframe configured for NZP CSI-RS and CSI-IM
· Note that this does not preclude applicability to LAA of any CSI-RS enhancements in other Rel-13 WIs

[bookmark: _GoBack] 
In our understanding, the agreement is pertinent to the signaling design for LAA. While typically features specified in one work item can be used with features from another work item, caution needs to be exercised if the use of one feature can undermine another's very foundation for proper functioning. 
In this contribution we examine the problems which originate from the use of FD-MIMO with LAA and propose that the use of FD-MIMO in LAA should be studied in a future release.

2. [bookmark: OLE_LINK37][bookmark: OLE_LINK36][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Discussion 

We need to point out that potential issues with beamforming in LAA have been discussed previously. For example, in [4] problems in channel access are identified for beamformed transmission of reservation signal and switching of precoder in the middle of DL transmission burst. 

In Rel-13, FD-MIMO is a work item which enables highly directional transmission in both vertical & horizontal domains, codebooks with 12 and 16 transmit antennas are being specified. With precoded CSI-RS, even a larger number of transmit antennas can be used at eNB.  

With the agreement from RAN1 #82bis:
Agreements:
· RAN1 recommends signaling parameters describing the potential periodic subframes for NZP CSI-RS and CSI-IM configured for CSI measurement are the same as in Rel-12
· FFS: Aperiodic subframe case
· FFS: DRS occasion overlapping with potential periodic subframe configured for NZP CSI-RS and CSI-IM
· Note that this does not preclude applicability to LAA of any CSI-RS enhancements in other Rel-13 WIs

At a first glance, one may be tempted to allow the use FD-MIMO with LAA.  Here we identify some fundamental problems with that combination.

Channel access has been a critical part of LAA design, and early on simulation conditions as captured in the LAA TR have been used to compare and define channel access schemes. In all the discussed channel access schemes, such as category 3 and category 4 LBTs, CCA (Clear Channel Assessment) is a critical function in the whole LBT scheme. And the energy detection threshold for CCA is still under discussion, and companies have given the view the ED threshold is central to enabling frequency use in LAA.  We have
Observation 1: CCA is a critical function in the whole LBT scheme.
At this time, there is still an ongoing email discussion on ED threshold.
Observation 2: ED threshold for CCA is still under discussion. 

The hidden node problem is a well-known problem in channel access. In WiFi, RTS/CTS has been used to address the hidden node problem. 

Given the LAA work item's scope in Rel-13, no UL design except channel access has been pursued at the work item stage. Consequently defining CTS in the LAA UL, which works in a similar fashion as in WiFi's CTS and is carried over the same unlicensed carrier as used by DL, is not possible in Rel-13. Another possibility is that CTS is sent through a carrier different from that used by DL, e.g. over a licensed carrier. Yet that still demands a UE to decode the RTS and immediately generates a CTS message.  It is not clear whether UEs are able to do that. And also the specification impact may not be small. From them, we have
Observation 3:  It is non-trivial to support RTS/CTS in Rel-13 LAA. 

Foundation for CCA 
In the discussion on channel access, when one says a channel is "idle", the real meaning is that that channel is not in use at both the transmitter and receiver sides. It is often the case that a transmitter based sensing method is used to assess whether a channel is idle or not.  In this approach, a transmitter, e.g. eNB senses a channel, determines whether the channel is idle or not, for a CCA or eCCA duration. In this case, eNB senses a channel is idle or not around itself; and it also acts as surrogate in determining whether the channel is idle or not around UE(s). For the transmitter to take the surrogate role properly, the transmitter and receiver must experience similar interference conditions. 

Assume an eNB intends to transmit and consequently performs CCA, the received power at eNB from AP can be presented by 

	




where is the transmission power at AP, and  is the antenna gain for the ray clusters departing from AP to eNB, and  is the antenna gain for the ray clusters impinging eNB from AP, PL is the pathloss between node1 and node2.

And when the roles of eNB and AP are switched,  the interference that eNB would generate at AP is given by



We have 
Observation 4: For CCA to provide the needed use for assessing a channel's status, the reciprocity in the RF path for energy sensing and the RF path for transmission needs to be guaranteed, and sensing node needs to be an proper  surrogate for the intended receiver.

We note also if the CCA measurement is to be a meaningful metric on the channel's status for transmission, the effective antenna patterns for sensing and transmission cannot be too different. In the following, we examine the consequence when that is violated.
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Figure 1 Channel sensing with omni-antennas


Assume omni-antennas are  used at both eNB-1 and eNB-2:
· Two circles are used to represent the antenna patterns used at eNB-1 and UE-1.
· eNB-1 transmission to UE-1 is hearable at eNB-2, eNB-2 can defer to eNB-1’s ongoing transmission.
· eNB-2 transmission to UE-2 is hearable at eNB-1, eNB-1 can defer to eNB-2’s ongoing transmission.
· For either eNB-1 or eNB-2, the antenna pattern for channel sensing is the same as the antenna pattern for Tx 
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Figure 2 Channel sensing with directional antennas

We consider several scenarios in the directional Rx/Tx when performing CCA and DL burst transmission.
The ellipse in figure 2 is used to illustrate the directional antenna pattern at eNB-1.
 
 Scenario 1:
Assume analog beamforming is used for eNB-1 and eNB-1 uses a highly directional antenna pattern for DL burst transmission & CCA and omni-antennas are used for eNB-2.
· eNB-1 transmission to UE-1 is invisible at eNB-2, eNB-2 cannot defer to eNB-1’s ongoing transmission.
· eNB-2 is a hidden node to eNB-1
· UE-1  suffers interference from eNB-2
· eNB-2 transmission to UE-2 is invisible at eNB-1, eNB-1 cannot defer to eNB-2’s ongoing transmission.
· eNB-1 is a hidden node to eNB-2
· UE-2  suffers interference from eNB-1.

In this case, eNB-1 is a hidden node to eNB-2, and eNB-2 is a hidden node to eNB-1. 

 

Scenario 2:
eNB-1 uses a highly directional antenna pattern for Tx (an approximation to FD-MIMO), but an omni-antenna pattern for CCA. This scenario can arise for example digital beamforming is used for transmission. Omni-antennas are used for eNB-2.
· eNB-1 transmission to UE-1 is invisible at eNB-2, eNB-2 cannot defer to eNB-1’s ongoing transmission.
· eNB-2 is a hidden node to eNB-1
· UE-1  suffers interference from eNB-2. 
· eNB-2 transmission to UE-2 is visible at eNB-1, eNB-1 can defer to eNB-2’s transmission.
In this case, eNB-2 is a hidden node to eNB-1. On surface, one might say as long as eNB-1 is willing to take interference from eNB-2, highly directional transmission is eNB-1's own business. Yet error-prone transmissions from eNB-1 inevitably lead to eNB-1 attempting to use a larger portion of the channel than otherwise. From that, we can see highly directional transmission can be detrimental to fair channel access.
For the analyzed scenario in figure 2, we note whether eNB-2 is a hidden node to eNB-1 depends on the used directional antenna pattern (the precoder) utilized at eNB-1 – that can change  as fast as eNB-1 switches its precoder. Consequenlty a semi-static solution to identify hidden nodes won't solve the problem. Without RTS/CTS, some dynamic scheme to detect a hidden node seems necessary and it is not clear to us what the scheme is.
We note we can replace eNB-2 with WiFi AP, and UE-2 with WiFi STA, and the implication for LAA-WiFi coexistence is obvious from the above analysis. 

We have 
Observation 5: Highly directional transmission can undermine the foundation of CCA. 

We note that beamforming has been used in WiFi, for example 4 Tx antennas for 802.11n, and 8 Tx antennas for 802.11ac. Directional transmission in WiFi without other mitigation technology could be problematic as well. Yet in WiFi, RTS/CTS can be enabled to mitigate the hidden node problem, as examined in the scenarios above. Given the difficulty to introduce a similar mechanism as RTS/CTS in Rel-13 LAA, highly directional transmission in LAA can cause damage without any mitigation technology.  We also note in the evaluation conducted on LAA, omni-directional antennas and 2 Tx are typically assumed. As far as we know, there is no simulation evaluation on FD-MIMO with LAA. 
From that, we have
Proposal: The effect of FD-MIMO on channel access needs to be further studied and the support of FD-MIMO with LAA can be studied after Rel-13.













3. Conclusion
 In this contribution, we examine the combination of using FD-MIMO and LAA together. We have 

Observation 1: CCA is a critical function in the whole LBT scheme.
Observation 2: ED threshold for CCA is still under discussion. 
Observation 3:  It is non-trivial to support RTS/CTS in Rel-13 LAA. 
Observation 4: For CCA to provide the needed use for assessing a channel's status, the reciprocity in the RF path for energy sensing and the RF path for transmission needs to be guaranteed, and sensing node needs to be an proper  surrogate for the intended receiver.
Observation 5: Highly directional transmission can undermine the foundation of CCA. 
Proposal: The effect of FD-MIMO on channel access needs to be further studied and the support of FD-MIMO with LAA can be studied after Rel-13.
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