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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]During LAA SI [1], it is recommended that multi-user multiplexing in one UL sub-frame on the unlicensed SCell by SDM or FDM shall be supported in LAA [2]. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In this contribution, we share our views on UL multi-user multiplexing within the same LAA SCell and UL frequency reuse among LAA SCells of the same operator.
Discussion
When each UE performs CCA check individually on unlicensed spectrum, a UE may block other UEs of the same cell, or other UEs of neighbouring cells of the same operator. Therefore, the key issue of multiplexing or frequency reuse for LAA is related to CCA check.
Multiplexing
In order to support multi-user UL multiplexing, aligning the starting point of PUSCH is necessary for all UEs scheduled in one UL sub-frame on each LAA carrier. Aligning the data transmission staring point at sub-frame boundary is a simple approach considering existing timing of PUSCH and UL grant. As UL LBT is required for transmission on LAA SCell, the sensing UE needs to find ways to distinguish whether the signal observed on the channel is from UEs of the same cell or other sources. One possible way is to mute certain REs for UEs of the same LAA SCell during its reservation signal and/or data transmission. UEs of different LAA SCell could have different muting patterns, and the UEs of the same LAA SCell have the same muting pattern. Those muted REs could be used during other UEs CCA to identify the transmission nodes then to know whether multiplexing is possible or not.
Multiplexing among UEs of the same LAA SCell can be realized by FDM or SDM method. An example of 2 UEs multiplexed by FDM is shown in Figure 1 where UE1 and UE2 are scheduled in the same sub-frame. As they are scheduled in the same subframe, it is very likely UE1 and UE2 will perform CCA around (if not exactly at) the same CCA slot. Even if both UEs start CCA at the last OFDM symbol of the previous subframe, some reservation signal with muted REs maybe transmitted from the CCA succeeding UE1 to hold the channel if there’s a gap between the ending of CCA slot and the starting of the scheduled PUSCH subframe boundary. In this case, the scheduled UE2 of the same LAA SCell can detect the muted REs of reservation signal to know whether multiplexing is possible or not. For example, SRS signal can be used as the reservation signal. More details about CCA pattern can be found in our companion contribution [4]. 

 
Figure 1 an example of UE1 and UE2 multiplexing by FDM
Note that in addition to FDM or SDM multiplexing UEs on the same subframe, TDM multiplexing UEs on multiple subframes as shown in Figure 2 also needs to be considered for LAA UL. Similar to FDM multiplexing, the issue of CCA overlapping with other UEs’ PUSCH needs to be solved. The same solution of CCA and PUSCH muting pattern can be considered as well [4]. 


Figure 2 an example of UE1 and UE2 multiplexing by TDM
Proposal 1: Muting pattern should be considered to support UL multiplexing of multiple UEs.
Frequency reuse
For LAA UL transmission, frequency reuse of different UEs from different cells of the same operator can also be considered. A similar approach as above is used, in order to enable frequency reuse of different UEs from different cells of the same operator, the sensing UE needs to find ways to distinguish whether the signal observed on the channel is from other UE(s) or from other RATs. Furthermore, it needs to tell whether the sensed signal is from intra-operator UE or from other operators’ UE and/or Wi-Fi nodes. 
One possible way is to mute certain REs for LAA UE during its reservation signal and/or data transmission. Different operators could have different muting patterns, and the LAA UE within the same operator have the same muting pattern.
Correspondingly, the LAA UE can detect energy on these muting REs to estimate the source of interference. For example, set a default CCA threshold value to T1. If the UE detect energy on those muted REs corresponding to its own operator and recognizes that energy is lower than a pre-defined threshold, then another CCA threshold T2 is used. And if the UE check energy on the whole bandwidth is lower than CCA threshold T2 and higher than CCA threshold T1, then the UE assumes that frequency reuse can be realized.
Proposal 2: Muting pattern can also be considered to support frequency reuse of different UEs from different cells within the same operator.
1.1 Simulation
We provide the coexistence evaluation results for indoor deployment for LAA+LAA with FTP traffic and compare the coexistence performance of the proposed multiplexing scheme with that of the no-multiplexing scheme through simulations. Simulation configurations:
· LBT category: Enhanced LBT Category 2 [3] and  CCA detection time window is 25us
· LAA CCA-ED:  -62 dBm
· Max LAA burst length: 1 msec
· LAA UE TX power in  unlicensed band: 18 dBm
· The LAA SCell is configured to use TDD UL/DL configuration [D U U U U U U U U U]. No licensed carrier for LAA
· 0% & 100% for DL & UL traffic ratio
· file size: 0.01 MByte
Table 1 indoor deployment for LAA and LAA coexistence evaluation results
	Parameters
	no- multiplexing and no-Frequency reuse
	Frequency reuse
	multiplexing by FDM

	
	LAA Op1
	LAA Op2
	LAA Op1
	LAA Op2
	LAA Op1
	LAA Op2

	UPT CDF
[Mbps]
	5%
	1.217 
	0.919 
	1.513 
	1.413 
	1.327 
	1.041 

	
	50%
	4.197 
	4.419 
	4.586 
	4.929 
	4.325 
	4.656 

	
	95%
	14.105 
	12.955 
	14.708 
	15.199 
	13.637 
	15.145 

	
	Mean
	5.518 
	5.261 
	6.062 
	5.985 
	5.825 
	5.735 

	Delay CDF
[s]
	5%
	0.004 
	0.004 
	0.004 
	0.003 
	0.004 
	0.003 

	
	50%
	0.035 
	0.038 
	0.030 
	0.033 
	0.032 
	0.034 

	
	95%
	0.133 
	0.137 
	0.128 
	0.132 
	0.131 
	0.134 

	
	Mean
	0.047 
	0.050 
	0.043 
	0.046 
	0.044 
	0.047 

	𝜌
	(%)
	84.277 
	75.438 
	87.645 
	81.446 
	85.536 
	78.092 

	BO
	(%)
	77.761  
	78.610  
	74.867  
	76.088  
	76.542  
	77.784  

	𝜆
	7



2. 
但如果在此同一时期内按照人均gdp增长速率来比较的话，那么日本表现比美国及欧元区要好（如图1所示）。 
Yet if judged by growth in gdp per person over the same period, then japan has outperformed america and the euro zone ( see chart 1).
www.ecocn.org
1. 3. 
如图1所示，服务器应用使用一个共用的工作队列来存放从远端的来源处到达的任务。 
As shown in figure 1, server applications use a common worker queue to hold short tasks that arrive from remote sources.
article.yeeyan.org
2. 4. 
如图1所示，主要构成要素是一个堵漏装配，它能安装在已损坏的防喷器顶端，例如致使马孔多油井倾油的防喷器。 
As the first diagram shows, the main component would be a containment assembly that could fit on top of a damaged blowout preventer, such as the one from which the macondo oil poured forth.
www.ecocn.org
3. 5. 
把您的利益相关者如图1所示在我们的免费模板权力/兴趣象限方格上画出来并根据他们对您工作的权限以及对您工作的兴趣进行分类。 
Map out your stakeholders on a power/ interest grid on our free template as shown in figure 1, and classify them by their power over your work and by their interest in your work.
article.yeeyan.org
It is observed that multi-user multiplexing and frequency reuse achieve performance improvement compared to no- multiplexing and no-frequency reuse.
2 Conclusion
In this contribution, we have shared our views on multi-user multiplexing within the same LAA SCell and frequency reuse among the cells within the same operator for LAA UL. The above discussion is summarized with following proposals:
Proposal 1: Muting pattern should be considered to support UL multiplexing of multiple UEs.
Proposal 2: Muting pattern can also be considered to support frequency reuse of different UEs from different cells within the same operator.
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