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1
Introduction
In RAN#65, Licensed-Assisted Access (LAA) using LTE has been approved as a new Rel-13 study item [1], where unlicensed spectrum is used on secondary cell(s) (either DL-only or UL and DL) through carrier aggregation to complement the primary cell (either FDD or TDD) on licensed spectrum. The study [2] has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks. In RAN plenary meeting #68, a new WI on LAA was approved and several functionalities are identified to be further studied [3]. TR 36.889 also captures LBT category 4 with adaptive contention window as a baseline channel access scheme. In this contribution, we discuss impacts from different CWS adaptation schemes on LBT protocols for frequency reuse-1.
Also the followings were agreed to support frequency reuse for LAA.
Conclusion: At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
· CCA threshold adaptation

· Tx start timing alignment

· Signal subtraction from ED or modified ED
· Combination of those options or other alternatives are not precluded.
Agreements:
· Signal subtraction from ED as a way to enable frequency reuse is not considered in Rel-13

· Note: Frequency reuse is a design target for LAA
2   Design Options for CWS Adaptation
By the virtue of licensed spectrum, the operation of LTE has been designed to support frequency reuse-1 between cells. Meanwhile, wireless communication system for unlicensed spectrum should be designed to meet corresponding regulation requirements to support coexistence with different systems. LBE (Load-based Equipment) with adaptive contention window is agreed to support DL transmission bursts with PDSCH [2]. For LBE, the random backoff counter is a key for efficient coexistence with other systems. However the random backoff is also a cause to degrade performance of frequency reuse-1 schemes, since CCA blocking between the cells. Furthermore the rate of blocking can be increased when exponential backoff algorithm is applied for contention window size (CWS) adaptation. Regarding CWS adaptation for DL, the following was captured in RAN1#82.

Agreements:
For contention window size adjustment for LBT category 4 operation for PDSCH, the following options should be studied further

· For LBT Category 4 operation for PDSCH, the CWS (contention window size) is adjusted based on  HARQ ACK/NACK feedback

· FFS on the details of how to use the HARQ ACK/NACK feedback. More details on the procedure should be provided as much as possible within RAN1#82
· For LBT Category 4 operation for PDSCH, the CW size is adjusted based on the eNB medium sensing based metrics

· The following options have been identified to derive the metric

· Option 1: Number of busy periods between transmissions 

· A busy period is the total time the channel is occupied between two idle CCA slots 

· Option 2: Number of idle slots (or) ratio of the number of idle to busy slots within a defined observation window

· FFS on the details for the two options above. More details on the procedures should be provided as much as possible within RAN1#82

Based on the agreement, we simulate 2 options for DL LBT as follows:
· Option 1: based on HARQ ACK/NACK feedback
· The CWS is doubled if at least one of the considered HARQ-ACK feedback values corresponding to whole subframes in a COT is NACK. Otherwise, the CWS is reset to the minimum value CWmin.
· Option 2: based on eNB medium sensing
· The CWS is doubled if the normalized number of interruptions from this observation window is larger than the normalized number of interruptions from previous observation window. Otherwise, the CWS is reset to the minimum value CWmin. For initial comparison, the number of interruptions from previous observation window is set to 1.

For option 1, HARQ ACK/NACK feedback latency is ignored for the simplicity of simulation. In addition, NACK from retransmitted packet up to the maximum number retransmissions is regarded as just a NACK.
For option 2, we avoid using a threshold value to check condition for CWS doubling, since single threshold value cannot distinguish detailed variation of congestion level. Rather we apply sensing for relative change of observed metrics between past and now. 
For option 2, we skip to count interruptions during defer or self-defer period.

For option 2, we apply normalization to the observed metric to avoid “Winner takes all” situation. That is, for example, the case when a UE observes the number of interruptions from current observation window larger than the previous number, due to doubled CWS and longer latency until occupying channel again. The observed metric can be normalized by an access latency-related metric/variable such as the length of observation window, CWS or initial backoff counter at CCA check. For evaluation we choose CWS as a normalization factor.
Observation 1: If eNB medium sensing is used for CWS adaptation, it is preferred to have a CWS doubling condition based on relative change of normalized observed metric.

2   Simulation Setup and Results
Frame structure of LBE

Figure 1 shows the basic operation of LBE [4]. Equipment performs initial CCA when it has data to transmit. If the equipment finds the channel to be clear, it transmits data immediately. On the other hand, if the equipment finds the channel to be busy, it performs ECCA. That is, the equipment chooses a random number N in [1, q] and will start transmission after observing N clear CCA slots. In this contribution, we assume that the value of q is changed from CWmin (16) to CWmax (1024) according to CWS adaptation rule. For evaluation purpose, 9 ms COT (Channel Occupancy Time) is defined. Note that the length of an ICCA/ECCA slot is set to 25us and 9 us respectively.
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Figure 1: Frame structure of LBE
Simulation assumptions

In this clause, evaluation results are shown for different CWS adaptation options for 3 LBT protocols including normal LBE (w/o reuse scheme), TTA (Tx Timing Alignment) from our companion contribution [5] and CCA threshold adaptation (CTA) [5]. 1 ms periodic Tx timing is assumed for TTA which performs self-deferring before reaching the Tx timing. 
Inter-PLMN scenario is not considered so we assume that all cells are tightly synchronized. We choose single channel scenario with 4 rectangular deployed eNBs to make a very dense situation. The partial subframe concept is not considered because of concerning UE receiver complexity issue. The maximum number of HARQ (re)transmissions is set to 4. For channel measurement and report, we assume non-ideal CSI reporting based on measurement on eNB’s occupancy time duration.
We consider FTP3 traffic model and all generated packets will be served on the unlicensed carrier. Performance metrics such as UPT, PER, and average CW size (i.e. q) are collected in very high load situation. Arrival rate λ is set to 0.9 for very high load traffic generation which has buffer occupancy 0.2 to 0.3 for LAA and about 0.5 for WiFi.
Evaulation results
Table 1: Evaluation result of LAA & WiFi in terms of UPT, CWS, FER and reuse factor
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C1No reuse ACK/NACK 13.84 26.25 82.95 24.58 9.13 10.26 1.07

C2No reuse Medium Sensing 14.9 23.81 88.25 28.73 9.69 9.35 1.05

C3Reuse TTA ACK/NACK 29.11 23.83 42.1 37.84 3.25 19.9 1.71

C4Reuse TTA Medium Sensing 29.43 24.29 39.67 21.47 3.2 20.31 1.82

C5Reuse CTA ACK/NACK 14.05 32.06 75.43 27.25 8.49 15.58 1.34

C6Reuse CTA Medium Sensing 13.7 28.16 77.57 27.67 8.71 16.55 1.37


To align the value of LAA CWS for C1 and C2 cases (no reuse LBE protocols with ACK/NACK and medium sensing based CWS adaptation), option 1 and option 2 are selected after examining various algorithms from ACK/NACK and medium sensing category. By doing this, we can focus on differences at other cases depending on combinations of LBE protocol and CWS adaptation rule.
LAA reuse factor shows how many eNB’s transmission is overlapped in time. In the simulation scenario, 4 eNBs are closely located in the hot spot area. So the reuse factor spans from 1 as minimum to 4 as maximum.
At first impact of CWS adaptation options to TTA reuse scheme is analyzed. Since the periodicity of Tx timing is set to 1 ms, LAA yields to WiFi by giving much access opportunity. It leads to smaller WiFi CWS as compared to other LBE protocols. In this setup, interferences from WiFi are not significant at all, but LAA CWS by ACK/NACK based adaptation (option 1) goes increased. Definitely to option 1, the higher LAA CWS is caused by higher FER and NACK ratio. It is natural to get higher FER when multiple eNBs transmit concurrently. LAA reuse factors are close to 2 which means that about 2 eNBs are simultaneously transmitted in a subframe on average. Meanwhile LAA CWS by medium sensing based adaptation (option 2) is decreased from that of no reuse LBE. It is likely that eNB does not sense interruptions by neighboring eNBs which transmissions are fully overlapped. However smaller LAA CWS does not lead to an increase in LAA UPT since LAA yields WiFi sufficiently by TTA protocol.
Figure 2 is drawn for simple understanding on TTA operation. It shows both aspects from ACK/NACK (option 1) and medium sensing (option 2). You can imagine that NACK report event happens frequently because it is caused by higher interference and FER at UE1. On the other hand, eNB1 sees just single interruption from one WiFi transmitter.
Observation 2: Tx timing alignment (TTA) results in higher interference among LAA eNBs and lower number of interruptions.
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Figure 2: Operation of Reuse TTA
Secondly, impact of CWS adaptation options to CTA reuse scheme is analyzed. Different from TTA, reuse factor of CTA is around 1.3 which means the probability of concurrent transmission is smaller than that of TTA. However CTA scheme shows better LAA UPT by obtaining more access opportunity. Since COTs of cells are partially overlapped, interference level is lower than that of TTA. So LAA CWS is not much increased when using ACK/NACK (option 1). However LAA CWS by medium sensing (option 2) is larger than that of option 1, because of more observed interruptions as shown in Figure 3.
Observation 3: CCA threshold adaptation (CTA) results in moderate interference among LAA eNBs and higher number of interruptions.
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Figure 3: Operation of Reuse CTA
The following figure 4 presents the relative difference of UPT and CWS per reuse scheme according to CWS adaptation options.
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Figure 4: Relative gain of reuse schemes to LBE protocol not supporting frequency reuse
In TTA chart (left), MS (medium sensing) gives a little more UPT gain than A/N, but difference is not much. From the fairness aspects, A/N gives more access opportunity to WiFi by increasing LAA CWS, compared to MS.
Observation 4: Regarding to TTA, medium sensing-based CWS adaptation is beneficial by increasing LAA UPT due to smaller CWS. However UPT difference between ACK/NACK and sensing options is very small since LAA allows much access opportunity to WiFi by TTA protocol itself.
In CTA chart (right), A/N gives a more UPT gain than MS. From the fairness aspects, A/N gives more access opportunity to WiFi by increasing LAA CWS, compared to MS. 
Observation 5: Regarding to CTA, protocol loss for LAA UPT with ACK/NACK option can be moderated due to lower CWS from that of TTA. However CWS difference between ACK/NACK and sensing options is very small.
From both reuse schemes, we can see A/N gives more access opportunity to WiFi than MS. By using MS, average LAA CWS is decreased so that LAA gets more aggressive.
Observation 6: ACK/NACK based CWS adaptation provides better fairness to WiFi, while medium sensing is less friendly to WiFi than ACK/NACK option.
Proposal 1: Based on the identified observations, ACK/NACK based CWS adaptation option gives better UPT for CCA threshold adaptation scheme while performance of Tx timing alignment is not much dependent to CWS adaptation options in terms of both UPT and CWS fairness. Therefore it is preferred to adopt ACK/NACK based option for LAA LBE protocol.
4   Conclusion
Based on the discussion and identified observations in this contribution, we propose followings:
Observation 1: If eNB medium sensing is used for CWS adaptation, it is preferred to have a CWS doubling condition based on relative change of normalized observed metric.

Observation 2: Tx timing alignment (TTA) results in higher interference among LAA eNBs and lower number of interruptions.

Observation 3: CCA threshold adaptation (CTA) results in moderate interference among LAA eNBs and higher number of interruptions.
Observation 4: Regarding to TTA, medium sensing-based CWS adaptation is beneficial by increasing LAA UPT due to smaller CWS. However UPT difference between ACK/NACK and sensing options is very small since LAA allows much access opportunity to WiFi by TTA protocol itself.
Observation 5: Regarding to CTA, protocol loss for LAA UPT with ACK/NACK option can be moderated due to lower CWS from that of TTA. However CWS difference between ACK/NACK and sensing options is very small.
Observation 6: ACK/NACK based CWS adaptation provides better fairness to WiFi, while medium sensing is less friendly to WiFi than ACK/NACK option.

Proposal 1: Based on the identified observations, ACK/NACK based CWS adaptation option gives better UPT for CCA threshold adaptation scheme while performance of Tx timing alignment is not much dependent to CWS adaptation options in terms of both UPT and CWS fairness. Therefore it is preferred to adopt ACK/NACK based option for LAA LBE protocol.
Appendix A
Simulation parameters
	Parameter
	Value

	Layout
	Indoor (modified: 4 eNBs are deployed at rectangular position which horizontal/vertical line having the same ISD as linear topology)

	Number of unlicensed band carrier
	1

	Number of UEs per operator
	10

	Traffic model
	FTP Model 3

	LAA channel coding
	no 256 QAM

	MIMO
	1Tx 2Rx

	CCA threshold (ED)
	- 82 dBm

	CCA threshold (PD)
	- 82 dBm

	LAA CCA/ECCA slot length
	20 usec

	Wi-Fi MPDU size
	1,500 bytes

	Wi-Fi CCA slot length
	9 usec

	Wi-Fi TXOP
	3 ms

	Wi-Fi channel coding
	LDPC (upto 256 QAM)
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