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1
Introduction

The Work Item on LAA in unlicensed spectrum (RP-151045) was approved at RAN plenary meeting #68 [3]. One objective of the LAA WI is to agree on the principles of the UL channel access [3]. 

“When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.”
Based on the outcomes of the LAA Study Item [1], the listen-before-talk (LBT) is identified as a vital feature for fair and friendly operation in the unlicensed spectrum for LAA [2]. The following working assumptions have been made in the RAN1#82 meeting [4].
	Working assumptions:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size of X={3, 4, 5, 6, 7}, respectively
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· The UL maximum contention window size should be smaller than for DL category 4 LBT
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary
· FFS: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts


In this contribution, we further discuss the working assumptions and especially the non-LBT option for the LAA UL.

2
Discussion
2.1. LAA DL/UL LBT scheme

In the contribution R1-154494 of RAN1#82 meeting [5], we studied the LAA UL LBT design for the UL self-scheduling. We designed one LAA DL and UL LBT framework for the LAA system. We pointed out that UL LBT must be designed together with DL LBT since LAA UL is based on the scheduled access [5]. The UL LBT design parameters in the framework were chosen based on the associated DL LBT design. If the DL LBT design is changed, the UL LBT design needs to be reassessed accordingly in order to ensure the overall fair coexistence performance. However, RAN1 has not achieved the consensus for the LAA DL LBT design yet. In particular, there is no consensus for the CCA ED threshold and the triggering mechanism for contention window size adaptation for the LAA DL LBT design. The related discussions are still ongoing. Based on the situation, we would like to propose that RAN1 need finish the LAA DL LBT design first and then come back to revisit the working assumptions for the LAA UL LBT and potentially convert the working assumptions to the agreements.
Proposal 1: RAN1 need finish the LAA DL LBT design first and then come back to revisit the working assumptions for the LAA UL LBT and potentially convert the working assumptions to the agreements.
2.2. Non-LBT option for LAA UL

In the study of [5], we demonstrated that the LAA UL non-LBT scheme could degrade both the Wi-Fi and LAA performance significantly compared with the proposed LAA UL LBT scheme. For example, in the high load condition, the Wi-Fi DL mean UPT is degraded from 56.8 Mbps to 38.9 Mbps and the 5 percentile DL UPT is degraded from 15.7 Mbps to 2.2 Mbps (more than 7 times drop) due to the non-LBT. In the same condition, the LAA DL mean UPT is degraded from 41.3 Mbps to 22.9 Mbps and the 5 percentile DL UPT is degraded from 3.9 Mbps to 0.180 Mbps (more than 20 times drop) due to the non-LBT. At the same time, the Wi-Fi VoIP outage is increased from 0% to 7.1% due to the non-LBT scheme. The main reason for the performance degradation of the non-LBT scheme is that the LAA UL transmission without any LBT can cause more collisions and then consequently cause more interference for both Wi-Fi and LAA systems.

Here we further illustrate the so called “double hidden node issue” caused by the LAA UL transmission without LBT.


[image: image1]
Figure 1 The Double Hidden node problem with no UL LBT
As shown in the figure 1, the impairment link (from the LAA UE transmission to the Wi-Fi STA) is 2 steps removed (double hidden node) from the LBT measurement link (from the Wi-Fi AP to LAA eNB). The first removed step is the active desired signal that is measured during LAA eNB LBT is from the Wi-Fi AP TX not the STA RX (the victim). The second removed step is that the potential impairment signal is from the LAA device (the aggressor) and not from the LAA eNB which performs LBT. The situation ends up the LAA device is the double hidden node for the Wi-Fi STA and will cause the strong interference when the LAA device starts to transmit. Note that the hidden node or the double hidden node issues caused by the no UL LBT are not particular between LAA network and Wi-Fi network. They could also happen to the two LAA networks (not synchronized) that coexist with each other.
We notice that the non-LBT option is limited to the case where the DL data can fill the 4ms gap that is caused by the UL grant latency in the working assumptions. The intent is that the filled DL data can occupy the channel so no other nodes around the intended UL UE can grab the channel. Then it can reduce the collision probability when the UE actually starts UL transmission.

When the beamforming is used for PDSCH (e.g. TM9 or TM10), we need choose the DL filler data more carefully in order to achieve the filler data purpose. Fig 2 shows one example where the LAA eNB would like to send the UL grant to LAA UE1 for it to start UL 4ms latter. It’s best that the eNB can use the DL data intended to UE1 to fill the 4ms gap since only in that case it can prevent the nearby Wi-Fi STA from grabbing the channel during the gap. If the eNB does not have the DL data to UE1 at that time but instead has data to UE2, then using the DL data to UE2 to fill the gap would not achieve the purpose. This is because the Wi-Fi STA could not detect the channel activity caused by the DL to UE2 since the transmission to UE2 has the different beamforming pattern compared with the transmission to UE1. Without properly selecting the filler data, the LAA UL transmission without LBT could cause even more collision and interference issues than the double hidden node case.
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Figure 2 DL beamforming causes the ineffective filler data for the LAA UL with no LBT.
Based on the above analysis, we would like to make the following proposal.
Proposal 2: The non-LBT scheme should not be a design option for the LAA UL LBT design.
3
Conclusions

In this contribution, we have further discussed the LAA UL LBT design issues and made the following proposals.

Proposal 1: RAN1 need finish the LAA DL LBT design first and then come back to revisit the working assumptions for the LAA UL LBT and potentially convert the working assumptions to the agreements.
Proposal 2: The non-LBT scheme should not be a design option for the LAA UL LBT design.
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