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1 Introduction

To provide fair co-existence and avoid severe interference for transmitters operating on unlicensed spectrum, it is mandated by regulatory requirements in some certain regions to apply the LBT mechanism, where CCA checks have to be performed before data transmission. Due to the reuse-one interference tolerance of LTE PHY, it would be beneficial to retain reuse-1 transmission when LAA co-existing with other LAA cells, which may lead to significantly enhanced channel utilization with a controllable increase of interference as analyzed in [1]. It is also agreed at RAN1 #80bis meeting [2] that:
· At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
1 CCA threshold adaptation

2 Tx start timing alignment

3 Signal subtraction from ED or modified ED
4 Combination of those options or other alternatives are not precluded.
In this contribution, we discuss the LAA designs to enable reuse-1 among LAA cells while at the same time providing friendly co-existence with Wi-Fi networks operating on the same unlicensed carrier.
2 Discussion 
Frequency reuse is one of the advantages of LTE which provides efficient channel utilization by enabling simultaneous transmission among multiple cells. According to the current LBT mechanisms defined by ETSI, however, each transmitter on unlicensed spectrum has to individually perform CCA/eCCA check before data transmission. As a consequence, the small cell transmitting data may probably block surrounding small cells of the same operator if they are deployed close to each other. To exploit more efficient channel utilization among LAA cells, following solutions can be considered in future LAA design.
2.1 Tx start timing alignment
One option to enable the frequency reuse of intra-operator LAA small cells is aligning the possible start position of the transmission among neighboring LAA cells based on coordination, including the positions of CCA slots for FBE, or the initial CCA slots/the last eCCA slots for LBE. The small cells may simultaneously transmit when the channel is detected as idle at these slots.
According to the definition of FBE, the CCA slot is fixedly at the end of Fixed Frame Period. Therefore, it is straightforward for FBE to support reuse-1 among synchronized small cells of the same operator by exchanging and coordinating the duration and starting position of fixed frame period across different eNBs.
However, aligning the CCA slots among cells requires accurate synchronization across network on unlicensed spectrum. Due to the fine granularity of CCA slots (20us), the CCA check of one small cell might easily collide the transmission period of another small cell even with small time offset among cells (e.g., when the two cells are not so precisely synchronized in 20us granularity), which prevents the frequency reuse. Thus how to ensure accurate synchronization needs to be carefully considered by operators in cell deployment.

Observation 1: FBE can achieve frequency reuse within one operator by coordinating the duration and starting position of Fixed Frame across different small cells within same operator. 
Aligning the transmission start for LBE is more difficult since the transmitter have to perform the eCCA check when the initial CCA fails to capture the channel, and can occupy the channel only when the channel is idle over a randomly generated number of eCCA slots instead of one CCA slot like FBE. One feasible approach to enable frequency reuse among intra-operator small cells is coordinated backoff counter generation. The small cells in the same area can coordinate over the backhaul to use the same eCCA slot duration/defer period and the same random backoff counter instead of individually generating different backoff counters. Hence the channel can be occupied by the transmitters at the same time if the channel is sensed as idle by all these small cells and the counters for all these transmitters are decremented synchronously.
However, there are some challenges to achieve this coordination based timing alignment. The coordination has high demand on the backhaul delay because the duration of eCCA slot may be very short. In addition, reuse-1 may not be ensured since the channel status might be different for different eNBs, which prevents them to simultaneously capture the channel; in other words, the channel sensed as idle by one small cell might be considered as busy for another especially for sparsely deployed intra-operator small cells. 
Another potential approach for the LBE based LAA network is coordinated CCA procedure, where the operator can enable the small cells in the same area to exchange the initial CCA/eCCA information, including remaining backoff counter and expected initial CCA/eCCA positions, over the backhaul link. E.g., one small cell can defer its eCCA slot to align the last eCCA slot to its neighboring small cell so that they can possibly start the transmission simultaneously. Another possibility is to allow LAA eNB perform different LBT schemes in different carriers to reduce the difficulty of aligning multiple eCCA procedure
Observation 2: Coordinated backoff is a possible way to achieve Tx start timing alignment, with challenges in terms of backhaul delay, regulatory impact, and LBT design.
2.2 Adjusting CCA-ED threshold

It may be an intuitive way to adjust the CCA-ED threshold of LAA small cells to achieve reuse-1. However, the co-existing Wi-Fi network may suffer from more severe interference and decreased channel access opportunities due to the aggressive channel reuse of LAA. Therefore, it is meaningful to ensure that adjusting the threshold of CCA-ED (at least for intra-LAA system) can provide performance enhancement for LAA while on the other hand guarantee the fair coexistence with Wi-Fi networks. This investigation may technically conduct the regulation in Europe and provide guidance for regions with different CCA threshold requirements. E.g., the LAA transmitter could appropriately increase the CCA-ED threshold in case majority of received power is coming from same operator/RAT. On the other hand, if it detects the existence of neighbouring Wi-Fi APs or STAs (possibly by measuring the received power of Wi-Fi or subtracting the LAA part from the total power), the CCA-ED threshold should keep unchanged or even lower to guarantee fair co-existence with Wi-Fi.
A potential way to facilitate adjusting CCA-ED threshold is to introduce LAA system identification to recognize intra operator/system small cells during the channel sensing phase. E.g., for LBE based LAA system, the small cell can measure the power of neighbouring LAA small cells during the channel sensing by detecting the initial signal of these transmitting cells, and adaptively increase the CCA-ED threshold according to the detected intra system power (or equivalently subtract the power of LAA small cells from the total received power). It has been shown in [3] that the LAA performance can be significantly improved by appropriately increasing the CCA-ED threshold when co-existing with another LAA network. How to support the identification of LAA system within the initial CCA slot and eCCA slot for LBE needs to be considered since the length of initial CCA/eCCA slot is shorter than one LTE OFDM symbol. A possible solution is to include LAA system identification information in the fractional OFDM symbol as the form of short preamble, which persists from the time that the transmitting small cell occupies the channel to the boundary of the next OFDM symbol. Furthermore, operator ID or PLMN information can also be included explicitly or implicitly in the initial signal so that intra-operator power can be separately measured and taken into account in CCA-ED threshold adjustment. By this way, strict synchronization across network is not needed, neither the close coordination between LAA cells. On the other hand, additional eNB complexity should be considered to achieve system identification within a CCA slot.

An example for DL-only transmission to adaptively adjust the CCA-ED threshold before each eCCA check to achieve a good tradeoff between the frequency reuse among LAA small cells and interference avoidance to coexisting Wi-Fi networks.
- Step 1: Each eNB semi-statically detect the strength of received Wi-Fi power by subtracting measured LAA power from the total received power. If the received Wi-Fi power >-60 dBm, the CCA-ED threshold of the eNB is configured as -60 dBm which is required in ETSI regulation, and goes to step 3. Otherwise goes to step 2.

- Step 2: The eNB measures the received power of neighbouring intra-operator eNBs and adds this power to the CCA-ED threshold if this power > -60dBm.

- Step 3: The eNB performs the initial CCA check/eCCA check using the CCA-ED threshold determined by step 1 and step 2.
Observation 3: It is possible to consider CCA-ED threshold adjustment with assistance of LAA intra operator/system identification to achieve frequency reuse without requirements on tight network synchronization and coordination. Such adjustment of the CCA-ED threshold should be carefully performed to ensure co-existence with Wi-Fi.
3 Conclusion

In this contribution, we discussed the potential LBT design for LAA-LAA co-existence to achieve reuse-1 while at the same time providing friendly co-existence with Wi-Fi networks operating on the same unlicensed carrier. Based on the discussion, the following observations are achieved: 
Observation 1: FBE can achieve frequency reuse within one operator by coordinating the duration and starting position of Fixed Frame across different small cells within same operator.
Observation 2: Coordinated backoff for LBE is a possible way to achieve Tx start timing alignment, with challenges in terms of backhaul delay, regulatory impact, and LBT design.
Observation 3: It is possible to consider CCA-ED threshold adjustment with assistance of LAA intra operator/system identification to achieve frequency reuse without requirements on tight network synchronization and coordination. Such adjustment of the CCA-ED threshold should be carefully performed to ensure co-existence with Wi-Fi.
References
[1] R1-150976, “Impact of detection threshold on LAA-LAA co-existence using LBT”, Huawei, HiSilicon.
[2] Chairman's Notes for RAN1 80bis meeting.
[3] R1-150976, “Impact of detection threshold on LAA-LAA co-existence using LBT”, Huawei, HiSilicon.











































































