
3GPP TSG-RAN WG1 #79
R1-145013
San Francisco, USA, 17th – 21st November, 2014
Agenda item:
6.3.2.2
Source: 
NVIDIA
Title: 
Discussion on potential solutions for LAA-LTE
Document for:
Discussion and Decision
1. Introduction
During RAN1#78bis, the study item on licensed-assisted access (LAA) for LTE was started. While most of the discussion so far has focused on the evaluation scenarios and assumptions, also the required functionalities were briefly discussed with the following agreement:

Agreements:

· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
In this contribution, we discuss some design aspects of LAA-LTE with focus on listen-before-talk (LBT) and discontinuous transmission on a carrier as in our understanding the other aspects may have only very limited RAN1 specification impact, if any. 
2. Utilization of reuse-1 in case of LBT
Listen-before talk (LBT) is required from devices operating on unlicensed spectrum in some regions, in particular in Europe and in Japan. This basically means that whenever a device senses transmission energy exceeding a specified threshold, it needs to back off and is not allowed to transmit.
One key feature of LTE enabling high spectrum efficiency is that LTE is designed from the start for reuse-1 operation. Several enablers and enhancements have been introduced for this operation ranging from uplink power control to enhanced eNB transmitter side inter-cell interference coordination and UE receiver side advanced receiver techniques. Obviously, it would be highly desirable to maintain the benefits that these features are bringing.
However, at least the ETSI requirements do not seem to provide very clear guidance regarding whether such reuse-1 operation is in fact allowed on unlicensed spectrum by the regulations, in particular when listen-before-talk is required. Basically, the ETSI requirements state that before transmission on an operating channel, the equipment shall perform CCA using energy detection. Thresholds for the CCA in terms of power levels are also specified. The only exception to the LBT procedure is related to short control signaling which is exempt from the LBT procedure in the ETSI requirements. Thus, all interfering transmissions, including co-channel LTE transmissions from the same operator’s network, should be considered to be subject to the LBT requirements.
From the perspective of Wi-Fi coexistence, it is possible to identify cases where reuse-1 of LAA-LTE could be harmful to Wi-Fi when the LAA-LTE layer is highly loaded. One example is shown in Figure 1 where reuse-1 causes unfairness in the channel access spatially. On the other hand, making LTE more efficient should in general help also the other devices and other RATs operating on the unlicensed spectrum, as in total the LTE transmissions would reserve the medium for shorter time periods. If the LTE devices would be allowed to transmit at the same time, intuitively other devices and RATs utilizing the same unlicensed spectrum should be able to get more airtime as well. Unfortunately, as mentioned, at least current ETSI requirements do not seem to allow this. The only possibility of operating with reuse-1 seems to be that the LAA eNBs actually gain access to the channel by performing CCA exactly at the same time, sensing clear channel simultaneously and the subsequent transmissions “collide” intentionally.
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Figure 1. An example of a case where reuse-1 LAA-LTE is prohibiting a Wi-Fi AP from transmitting. Specifically, the Wi-Fi AP does not detect transmissions from LAA eNB #1 and would be allowed to transmit. However, due to reuse-1, LAA eNB#2 could be transmitting at the same time with LAA eNB #1 and prohibiting the Wi-Fi AP from gaining access to the channel.
As whether reuse-1 can be assumed for LAA-LTE is a very fundamental assumption and crucial for the performance evaluations as well as for developing required standard enhancements, we propose to clarify the assumption related to reuse-1 operation in LAA-LTE. Our current understanding is that LAA-LTE can operate reuse-1 only through time-synchronous CCA and colliding transmissions.

Proposal 1:

· Clarify whether reuse-1 operation is allowed on the unlicensed spectrum.

· Our current understanding is that reuse-1 can happen only via time-synchronous CCA.
3. Design aspects of LBT for LAA-LTE
LBT clearly requires some kind of fast cell on/off mechanism as the eNB (or UE) cannot transmit continuously, but needs to perform clear channel assessment every time before accessing the channel. Furthermore, limits are specified on the maximum channel occupancy time, thus some kind of discontinuous transmission is needed as well. Thus one main question is how such operation is enabled in LTE, as in Release 12, on/off operation is basically supported only via SCell activation/deactivation.
The ETSI requirements specify two types of LBT, frame-based equipment or load-based equipment LBT. Modifications required to LTE downlink to support these are discussed in Section 3.1. Other aspects are discussed in Section 3.2.
Frame-based versus load-based equipment
In frame-based equipment (FBE) LBT, the transmissions follow a fixed frame period. The fixed frame period comprises up to 10 ms channel occupancy time (as defined in ETSI), and an idle period the length of which needs to be at least 5% of the channel occupancy time. CCA is performed at the end of the idle period. In Japan, the maximum channel occupancy time is 4 ms.

FBE-based operation could be introduced in LTE based on the supplemental DL frame structure, or based on the TDD frame structure. In the first case, what is needed is insertion of periodic idle periods, where the period could be configurable to account for different regulatory requirements. An example of this with 10 ms fixed frame period is shown in Figure 2. The length of the idle period needs to be one slot in this case.
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Figure 2. An example of LAA-LTE frame structure for FBE with 10 ms fixed frame period based on inserting periodic idle periods into the DL frame structure.

In case of TDD frame structure, the guard period and UpPTS as well as uplink subframes could be utilized as the idle period. This means full reuse of existing LTE features, but also leads to slightly more inefficient operation in terms of resource overhead. On the other hand this approach leaves more opportunities for other RATs to gain access to the channel.
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Figure 3. An example of LAA-LTE frame structure for FBE with 5 ms fixed frame period based on the TDD frame structure. The GP, UpPTS and the UL subframes are used as the idle period.
The main shortcoming of FBE is that it may result in unfair channel access for LTE with regard to Wi-Fi. This is because the clear channel assessment is performed only periodically at pre-determined time instants, while Wi-Fi is based on LBE and may theoretically block (when the Wi-Fi layer is fully loaded) every opportunity for LTE to gain access to the channel. The same is true for LAA-LTE networks of two different operators, which are not necessarily time-synchronized, and where one of the operators might block the other from utilizing the unlicensed spectrum. This is illustrated in Figure 4.
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Figure 4. In this example, operator #2 is blocked from gaining access to the unlicensed spectrum due to operator #1 LTE transmissions, and utilization of FBE with fixed frame period.
Furthermore, FBE introduces extra latency since the eNB may not start CCA immediately when traffic arrives into its buffers.
The benefit of FBE would be simplicity and that it matches naturally with the existing LTE frame structure. Furthermore, in a synchronous network, multiple eNBs would be performing CCA simultaneously and possibly gaining access to the channel simultaneously. This way, while still complying with all regulations, LTE would effectively work with reuse-1.

In load-based equipment (LBE), the device may perform CCA at any point in time, basically whenever there is data to be transmitted. If the channel is found clear, the device may transmit immediately. If the channel is found occupied, an extended CCA is performed, the length of which is a random factor N times the CCA observation time. The value of N is selected in the range 1 to q, where q={4…32}. During the extended CCA, the counter N is decremented every time the channel is found idle, and the device may transmit when the counter reaches zero.
While in principle CCA can be started at any point in time in case of LBE-LBT, and thus also the transmission can start at any point in time, probably the LTE SCell transmissions should still be time-aligned with the PCell transmissions in time in order to follow the existing carrier aggregation framework. In this case, CCA can indicate an idle channel, but the eNB will still need to wait until the start of the next subframe to transmit. To avoid the problem that some other device would reserve the channel while the eNB is waiting for the subframe transmission in the LAA SCell to be aligned with the PCell timing, some kind of channel reservation signal may need to be transmitted.

An example of LBE-based LBT for LTE is illustrated in Figure 5. For DL-only case it is rather straightforward to fit LBE-based operation within the existing LTE frame structure. It is noted that the length of extended CCA depends on the parameter q, which also controls the maximum channel occupancy time. For instance, by reserving three OFDM symbols for CCA and extended CCA, up to 4 subframes can be occupied by the eNB. Obviously, if a channel reservation signal is included, it will need to be counted as part of the channel occupancy time, somewhat reducing the resource efficiency of the scheme.
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Figure 5. An example of LBE-based LAA-LTE in DL-only case. The transmissions are aligned with PCell timing using special channel reservation signals (shown as “Preamble” in the figure). In this example, the channel is found idle and hence extended CCA is not shown.
Unlike FBE, LBE offers the possibility to start the CCA and DL data transmissions immediately when DL data arrives in the eNB buffers. Thus there is a clear latency benefit from LBE as compared to FBE. Another benefit is the fairness in channel access. As both Wi-Fi and LTE would be based on LBE, it cannot happen that one system blocks the other completely from accessing the channel. Also fairness between different LTE operators would be ensured, as the situations such as those depicted in Figure 4 cannot happen. However, reuse-1 cannot really be taken advantage of, even via collisions.
To summarize, we draw the following observations regarding FBE- and LBE-based LAA-LTE:

Observations:
· FBE LBT for LAA-LTE

· Suits better the existing LTE frame structure.
· May lead to unfair channel access with other RATs, and between different LAA operators.
· May lead to increased latency due to limited possibilities of gaining access to the channel.
· May allow, at least in principle, taking advantage of LTE reuse-1 operation to some extent as transmission collisions are likely in a synchronized network.

· LBE LBT for LAA-LTE

· Requires special channel reservation signals to be introduced.

· Minimizes channel access latency since the eNB is free to transmit as soon as the channel becomes idle.
· Provides fairness with respect to other RATs and between different LAA operators.

Note that here we have mainly considered DL-only operation. Therefore, obviously a further consideration point is how joint UL/DL operation can be achieved, taking into account the existing LTE frame structures and the LBT channel access rules. Our proposal at this point is simply to study the aspects further.

Proposal 2:

· Continue discussion on the LAA-LTE frame structure to support LBT, considering at least the following aspects:
· Fairness of channel access with other RATs as well as between LTE networks of different operators
· Latency aspects
· Resource efficiency
· Possible reuse-1 operation
· UL/DL operation

Other aspects

Since LBT will be required in some regions on the LAA SCell, also other system aspects may need some modifications. Below we discuss some of the aspects that will need to be considered in relation to DL-only LAA. Obviously, support of UL on the unlicensed spectrum would require further modifications.
Cell discovery and synchronization:
Since discontinuous transmission and fast on/off operation are required, one aspect that needs to be considered is how the UE discovers and measures the cells, and how the UE synchronizes to the cells and maintains AGC and time/frequency synchronization during LAA operation. During the Release 12 small cell on/off discussion, a lot of time was spent already on discussing these aspects, and the discovery signal was specified for cell discovery purposes. The same signal could serve as a starting point for LAA as well.
However, a few aspects will need further consideration: First, the signal cannot be simply periodically transmitted due to LBT requirements as the eNB can be blocked from accessing the channel. The problem with this is that the UE will not be aware of when the discovery signal can be assumed to be transmitted, and thus may not perform time-averaging of the measurement across multiple discovery signal instances. However since the signal anyway has to occupy a minimum of 5 MHz bandwidth, there may not be any big problem with RRM measurements even if the UE can not average over multiple CRS instances in time. Still, PSS/SSS detection could be more problematic. In principle, the European regulations might allow the discovery signal to be transmitted as part of short control signaling which is exempted from CCA. However, the same is not true in Japan. Obviously it would be preferable to have a globally unified solution. One possibility would be to introduce aperiodic discovery signals.
The other aspect is whether (a)periodic discovery signals are sufficient for AGC and time/frequency tracking. This was discussed extensively during Release 12 and RAN1 was unable to conclude that discovery signals would be sufficient. One alternative, in particular if LBE-based design is adopted, would be that the channel reservation signal needed to align PCell and SCell subframe timing is used also to help the UE in AGC setting and time and frequency synchronization.

HARQ retransmissions: 
In LTE, HARQ is one key feature for improving the spectral efficiency. However, due to LBT, some HARQ retransmissions on the unlicensed spectrum may be prohibited as the eNB might not immediately get any (re)transmission opportunities when needed. This could lead to long retransmission latencies which are obviously not desirable. In principle, it would be possible to operate the system essentially without HARQ by relying on very low first transmission BLER point. However, the efficiency benefits of HARQ would be lost.
In some contributions submitted to RAN1#78bis it was proposed that the pending HARQ processes could be finished on another serving cell, for instance the PCell. In other words, cross-carrier HARQ would be enabled where the first transmissions would be on the LAA SCell and retransmissions, in case of being blocked in the LAA SCell, might be moved to the PCell. However, this approach could lead to rather problematic situations especially in the likely scenario where the LAA SCell bandwidth (and thus maximum TBS size) exceeds the PCell bandwidth. Furthermore collisions with the ongoing transmissions on the PCell would need to be considered, which could become rather difficult especially if there are multiple LAA SCells.
Nevertheless, some solution is needed. The preferred mechanism could also depend on whether the access method is based on FBE or LBE, as in FBE the issue with retransmission latencies due to LBT might be more severe.
CSI feedback: 

CSI feedback aspects also need to be considered. For instance, periodic CSI feedback is relying on the CSI reference resource to be located within a certain subframe and it is assumed that the UE has some means to provide CSI for this particular subframe. However, due to LBT, CRS/CSI-RS might not be transmitted. Furthermore, CSI-RS transmission in general would be subject to LBT, and might need to be skipped by the eNB. Thus the UE might not have a chance to measure CSI. Finally, since CSI-IM resources are essentially zero-power CSI-RS resources, they are not strictly speaking subject to LBT. However, the UE should not measure interference that the eNB anyway needs to avoid via LBT. Thus some means to control when CSI-IM resources can be assumed present may also be needed. One potential option is to rely only on aperiodic CSI feedback with some kind of aperiodic CSI-RS and CSI-IM resources.

Finally, support of different TMs, need of control region and need of CRS for demodulation will need to be considered. However, such details could be also considered in the work item phase.

Proposal 3:

· In case of DL-only LAA-LTE, in addition to the modifications to frame structure, study standard enhancements at least in the following areas for support of LBT:

· Reference/synchronization signals for cell discovery, AGC and time and frequency synchronization.

· Handling of HARQ retransmissions.

· CSI measurements and feedback.
4. Conclusion 
In this contribution we have discussed some aspects of LBT design for LAA-LTE. Obviously, studies will need to continue on the standard impacts and on the various design choices, however some guidelines could be drawn for the further studies. Our proposals are listed as follows:
Proposal 1:

· Clarify whether reuse-1 operation is allowed on the unlicensed spectrum.

· Our current understanding is that reuse-1 can happen only via time-synchronous CCA.
Proposal 2:

· Continue discussion on the LAA-LTE frame structure to support LBT, considering at least the following aspects:

· Fairness of channel access with other RATs as well as between LTE networks of different operators
· Latency aspects
· Resource efficiency
· Possible reuse-1 operation
· UL/DL operation

Proposal 3:

· In case of DL-only LAA-LTE, in addition to the modifications to frame structure, study standard enhancements at least in the following areas for support of LBT:

· Reference/synchronization signals for cell discovery, AGC and time and frequency synchronization.

· Handling of HARQ retransmissions.

· CSI measurements and feedback.
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