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1. Introduction

In RAN1 LAA Adhoc meeting, there was discussion on several issues for LAA UL and the followings were agreed in [1]:
	Agreements:
· For UL HARQ

· Recommend to support asynchronous UL HARQ for UL LAA operation

· Rapporteur shall capture the above agreement in TR

· For UL multiplexing

· Target the support of UL multiplexing of multiple UEs in one subframe by

· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO


In this contribution, we discuss options and design principles for LBT operation for LAA UL transmission.
2. UL LBT operation
2.1. UL LBT based on UE sensing

In the European regulation on LBT [2], it seems that CCA operation of transmitting node is mandated. To be compliant with the European regulation, UL LBT operation should at least support CCA operation at UE side. On the other hand, our preliminary evaluation results [3] of DL/UL LBT operation shows that UL LBT operation of LAA may need further enhancements due to the LTE nature of separation between scheduling node and transmitting node in UL.

Suggestion 1: For UL LBT, it is baseline to support at least CCA operation at UE side while other options can be considered for further enhancement.
2.1.1. UL transmission timing

In LTE UL, it is basic principle that UE’s UL data transmission timing/format follows eNB’s scheduling command, which ease the eNB’s UL data reception and multiplexing UL data transmissions from multiple UEs. It seems reasonable to follow the same principle as a baseline for LAA UL data transmission with LBT. Moreover, to avoid eNB detection of arbitrary PUSCH length in a subframe, it is desirable that UL TX burst always starts from the first OFDM symbol of a subframe.

Suggestion 2: For UL LBT, when eNB schedules a UE to transmit PUSCH in subframe n, it is baseline for the UE to transmit corresponding PUSCH only in subframe n.

Suggestion 3: For UL LBT, UL TX burst always starts from the first OFDM symbol of a subframe.

As a further optimization, allowing multiple trials of PUSCH transmission within multiple subframes can be considered for enhancing channel access probability. However, it may require additional specification works and new eNB behaviour that blindly detect whether UE has transmitted PUSCH or not within the multiple subframes. Therefore, it would be desirable to verify performance gain before discussion for this option.
2.1.2. With or without random back-off

Regarding European regulation on LBT [2], there can be two possible options for LBT operation of LAA UL according to whether random back-off is included or not (i.e., UL LBT with or without random back-off). Since LBT operation without random back-off supports frame based CCA operation, it may require minimal specification changes when applying to LAA UL. For example, a UE can perform CCA operation just before the scheduled subframe and can transmit PUSCH when channel is assessed as idle from the CCA operation. One concern is that it may uncompetitive compared to LBT operation with random back-off since it has relatively little chance to access channel. In our preliminary evaluation results [3], it was observed that UL performance of LAA can be lower than that of coexisting WiFi when LBT operation for UL does not adopt random back-off. In our view, however, it is still worthwhile to consider UL LBT operation without random back-off since the evaluation results are preliminary one and it shows better UL performance of LAA compared to that of WiFi in baseline scenario (i.e., WiFi only scenario) [3].
On the other hand, LBT operation with random back-off may require more specification works since it is designed for opportunistic transmission at the arbitrary time. Considering that it is basic principle for LTE UL that UE transmit PUSCH in schedule subframe as already mentioned in the previous section, UL LBT operation with random back-off may require additional techniques for starting PUSCH transmission at the scheduled subframe boundary. To be specific, there can be a time gap between when a UE is able to access channel (e.g., back-off counter becomes 0) and when the UE should start PUSCH transmission (e.g., subframe boundary). One possible solution is that UE defer CCA operation for a while (i.e., defer time) and resume initial CCA just before the subframe boundary. Or the UE can transmit reservation signal from when it can access channel until when it should transmit PUSCH. In [3], it was also shown that transmission of reservation signal at UE side can improve UL performance of LAA. For the use of reservation signal, it may be needed to consider how long reservation signal can be transmitted at UE side for preventing interference and channel congestion due to reservation signal. As a simple and flexible solution, eNB can configure the maximum length of reservation signal which can be transmitted at UE side.
As an additional issue, unlike DL LBT, clarification is needed for UL LBT operation with random back-off when a UE fails to transmit PUSCH due to remaining back-off counter. For example, a UE continue to count off back-off counter until it reaches zero and then prepare for initial CCA. Or if the UE is convinced that there is no consecutive PUSCH transmission after currently dropped PUSCH, it can directly initialize back-off counter (i.e., flushing) and prepare for initial CCA.
Suggestion 4: For UL LBT, the followings can be considered for LBT operation.
· LBT operation without random back-off (e.g., FBE)
· LBT operation with random back-off with considerations of
· how to keep PUSCH transmission timing should be considered (e.g., defer time, reservation signal)
· how long reservation signal can be transmitted at UE side
· how to describe LBT operation when PUSCH is dropped

2.1.3. CCA gap for consecutive TX burst transmission

For UL LBT operation without random back-off, it is beneficial to finish TX burst transmission earlier than the last SC-FDMA symbol of a subframe to make it possible to start CCA operation for another TX burst transmission from the next subframe. We call the remaining SC-FDMA symbols in the last subframe of a TX burst as “CCA gap”. Figure 1 illustrates the gain of CCA gap. Without CCA gap, a whole subframe will be wasted for the LBT operation to transmit another TX burst after a TX burst transmission has finished as shown in figure 1(a).

Even for UL LBT operation with random back-off, CCA gap provides chance to start another TX burst transmission from the very next subframe after the previous TX burst transmission and reduce the reservation signal transmission as illustrated in figure 2.
Suggestion 5: For UL LBT, TX burst transmission from UE may finish before last N (N > 0) SC-FDM symbol(s) in the last subframe to create a gap for CCA for the next TX burst, where the value N is FFS.
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Figure 1. Gain of CCA gap (without random back-off)
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Figure 2. Gain of CCA gap (with random back-off & reservation signal)
2.2. UL LBT based on eNB sensing
eNB performs carrier sensing and if the channel is assessed as idle, eNB transmits (e)PDCCH which schedules PUSCH transmission of the UE. The UE transmits PUSCH at a given time after the (e)PDCCH reception as in normal LTE PUSCH scheduling operation. With this operation, eNB may have to transmit reservation signal during the time interval between (e)PDCCH transmission and PUSCH reception to prevent other network nodes assess idle channel and start to transmit their own signal. This operation is illustrated in figure 3.
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Figure 3. UL LBT based on eNB carrier sensing
With this option, reservation signal between UL scheduling and PUSCH transmission may deteriorate LAA throughput. Therefore, mechanism of reducing time duration between eNB sensing timing and PUSCH transmission should be further studied. One possible solution is to separate PUSCH scheduling and PUSCH TX triggering. For example, a UE can prepare for PUSCH transmission when the UE receive (e)PDCCH for PUSCH scheduling. After that the UE can transmit the prepared PUSCH when PUSCH TX triggering from eNB is received.
3. Conclusion
In this contribution, we discussed details of the LBT operation of LAA UL and suggested some principles of DL LBT operation and the related enhancements. The suggestions of this paper are summarized as follows.
Suggestion 1: For UL LBT, it is baseline to support at least CCA operation at UE side while other options can be considered for further enhancement.
Suggestion 2: For UL LBT, when eNB schedules a UE to transmit PUSCH in subframe n, baseline is that the UE can transmit corresponding PUSCH only in subframe n.

Suggestion 3: For UL LBT, UL TX burst always starts from the first OFDM symbol of a subframe.

Suggestion 4: For UL LBT, the followings can be considered for LBT operation.

· LBT operation without random back-off (e.g., FBE)

· LBT operation with random back-off with considerations of
· how to keep PUSCH transmission timing should be considered (e.g., defer time, reservation signal)

· how long reservation signal can be transmitted at UE side

· how to describe LBT operation when PUSCH is dropped

Suggestion 5: For UL LBT, TX burst transmission from UE may finish before last N (N > 0) SC-FDM symbol(s) in the last subframe to create a gap for CCA for the next TX burst, where the value N is FFS.
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