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1. Introduction 
It was recommended that the Category 4 based LBT mechanism is the baseline at least for LAA DL transmission bursts containing PDSCH. Concerning with the Category 4 based LBT mechanism, the following details were further agreed in RAN1 [1]:
· A DL category 4 LBT priority class is defined at least by the minimum and maximum contention window (CW) sizes and the number of CCA slots in the defer period in Table below where the smaller the LBT priority class number, the higher the priority.
· In the table CWmin, CWmax and n refer to the minimum contention window size, the maximum contention window size and the number of CCA slots in the defer period, respectively.
· Rel-13 supports at least DL LBT priority class 3.

· Use of different LBT parameters than the DL LBT priority class 3 will be supported in Rel-13 if RAN2 and RAN1 finds the associated work feasible within Rel-13 time frame
· For a DL burst transmission containing PDSCH, an LAA SCell operates with a single DL category 4 LBT priority class at a time when performing random backoff.
· Best effort traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3.  
	LBT priority class
	CWmin
	CWmax
	n

	1
	3
	7
	1

	2
	7
	15
	1

	3
	15
	63
	3

	4
	15
	1023
	7


· The Maximum channel occupancy time (and whether different values per LBT class are needed) requires further discussion
· FFS if an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.
· FFS if more DL LBT priority classes are needed.
· Inform RAN2 of the DL LBT priority classes and request them to take this into consideration in their associated work.
· FFS on the DL LBT priority class for UL grant only transmission

In this contribution, we discuss about the FFS on the case when the DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes and the FFS on the DL LBT priority class for UL grant only transmission. As the FFS on whether more DL LBT priority classes are needed is not covered in this contribution as it falls into the topic which requires joint effort with RAN2.  

Regarding the transmission of DRS, the following agreement was made in the last RAN WG1 Meeting #82bis. 
· A DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC immediately follows a single idle observation interval of at least 25 us
· The total duration of the DL transmission burst is not longer than 1 ms (i.e. x = 0 from previous agreement)
· FFS: ED threshold used
Concerning with the above agreement, we also discuss about the FFS on the ED threshold as well. 
In summary, the following remaining issues related to LBT will be discussed in this contribution: 
1. How to handle when a DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes?
2. What DL LBT priority class shall be used for UL grant only transmission? 
3. Which ED threshold should we use for a DL transmission burst containing DRS without PDSCH within the DMTC?
2. Further Discussion on the Remaining Details
In this section, we tackle the subsequent related issues on the LBT summarized in Section 1. 

2.1. Handling when PDSCH contains different LBT priority class traffic
Before discussing about how to handle when a DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes, let us first briefly go over how WLAN handles this. The prioritized QoS support was standardized in IEEE 802.11e. As shown in Figure 1 below, the incoming traffic is sorted and separately buffered according to four access categories (ACs), namely BK (background), BE (best effort), VI (video), and VO (voice). Different minimum CWS, maximum CWS, and arbitration inter-frame space (AIFS) apply to different ACs, which is similar to the LBT priority classes for LAA DL. Different parameters for different ACs are chosen such that high priority traffic can be served with a shorter delay statistically. When more than one ACs finish counting down the backoff counter at the same time, the highest priority AC gains the access and other lower priority ACs will consider it as a collision and double the CWS. Frames pending in other AC queues cannot transmitted within a TXOP acquired by different AC. 

[image: image1.emf]MSDU

User Priority

BK BE VI VO

Mapping to Access 

Category (AC)

Transmit queues for 

ACs

Per-queue EDCA 

functions with internal 

collision resolution


Figure 1. EDCA reference implementation from IEEE Std 802.11TM-2012 [2]
If LAA maintains different backoff counters for different priority classes as WLAN does, then there will be no issue. However, LAA maintains only one backoff counter and given the remaining time of Release 13, it will not be feasible to propose a structural change. Thus, we need a policy on how to handle a DL transmission burst containing traffic corresponding to different LBT priority classes. Our view is that using the LBT parameters of the lowest priority among the different priority classes of the traffic to be transmitted in the next DL burst is a reasonable approach. This is because it will allow to best utilize the maximum allowed transmission time by multiplexing other traffic corresponding to higher priority. This policy is also necessary to prevent the situation that an eNB intentionally uses LBT parameters of a higher priority and a large portion of the transmission is allocated for traffic corresponding to lower priority.
Proposal: We propose to remove the FFS and agree to use the lowest priority for the LBT parameters if an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes. 
2.2. DL LBT priority class for UL grant transmission
In the scenario where an LAA network coexists with a Wi-Fi network, the LAA UL channel access can be severely limited due to the following triple contention:

· LBT by eNB before sending a grant (i.e., contention with other eNBs, Wi-Fi APs, Wi-Fi STAs)
· Scheduling (another internal contention among UEs associated with the eNB)
· LBT by the scheduled UE (i.e., contention with other eNBs, Wi-Fi APs, Wi-Fi STAs)
This can lead to severe performance disadvantage for LAA UL compared to Wi-Fi UL [3]. To mitigate this problem, it is preferable to assign highest possible priority, or equivalently the lowest priority class number, to UL grant transmission. If a DL transmission burst contains traffic corresponding to different LBT priority classes including the UL grant transmission, then the lowest priority shall be used for the LBT parameters as proposed in the previous subsection. If it is UL grant only transmission, then according to the rule, the LBT parameters of the priority assigned to the UL grant transmission shall be used.
Proposal: We propose to assign the highest priority, or the LBT priority class 1, to the UL grant transmission. 
2.3. ED threshold for DRS without PDSCH
It was agreed by RAN1 that the signals comprising the LAA DRS are the same as symbols 0-11 of the Release 12 DRS for FDD and the NZP-CSI-RS can be transmitted in symbols #9 and #10, if configured. Recall that the RRM measurement during the OFF state relies on the reception of DRS. Note, however, that the DRS transmission in LAA is also subject to the LBT requirement. Therefore, if the DRS is not transmitted as scheduled, i.e., once in every DMTC period, the RRM information at the UE for the corresponding LAA SCell can be quite outdated. In Figure 1, we illustrate an example DMTC configuration and DRS transmission in LAA. In drawing the figure, it is assumed that both AP1 and AP2 are within the ED detection range of the eNB. The AP1 and AP2 may not detect each other, i.e., in the opposite direction from the eNB perspective. If the eNB fails to send DRS in one DMTC due to the busy channel, the RRM at the UE can be outdated as much as the twice of the DMTC period, which can significantly impact the RRM measurement accuracy.
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Figure 1. An illustration of the DMTC configuration and DRS transmission in LAA
Thus, it is preferable that the DRS is transmitted as reliable as possible. One way of achieving this goal is to raise the ED threshold for DRS within the range that is allowed by regulations. The regulation on the ED threshold varies region by region, but -62 dBm is a threshold which is universally valid. It should be also noted that the time portion occupied by DRS transmissions is at most 2.1% in case of 40ms DMTC periodicity and therefore its impact on coexistence with Wi-Fi would be negligible. We thus draw the following proposal. 
Proposal: We propose to use -62 dBm as the ED threshold for DRS transmission without PDSCH within the DMTC.
3. Conclusions

In this contribution, we discussed the following remaining issues on the DL LBT. 

1. How to handle when a DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes?
2. What DL LBT priority class shall be used for UL grant only transmission? 
3. Which ED threshold should we use for a DL transmission burst containing DRS without PDSCH within the DMTC?
For the above issues, we made the following proposals.
Proposal: We propose to remove the FFS and agree to use the lowest priority for the LBT parameters if an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes. 
Proposal: We propose to assign the highest priority, or the LBT priority class 1, to UL grant transmission. 
Proposal: We propose to use -62 dBm as the ED threshold for DRS transmission without PDSCH within the DMTC.
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