Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #82








  


 
   
 R1-154141
Beijing, China, 24th - 28th August 2015
Agenda item:

7.2.4.1
Source:
Samsung
Title: 



Performance of frequency reuse for different CW adaptation schemes
Document for:

Discussion and Decision

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 contention windows adaptation schemes.
Also the followings were agreed to support frequency reuse for LAA.
Agreements:
· Enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design
· Above should be taken into account for design of LBT
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.

2   Design Options for CW Adaptation
By the virtue of licensed spectrum, the operation of LTE has been designed to support 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].
The LBE is regulated to perform extended CCA (ECCA) after initial CCA fails. ECCA period is defined across multiple contiguous ECCA slots. The LBE can listen for idle state during ECCA as counting down the backoff counter which was randomly chosen. The randomness of backoff counter is a key for efficient coexistence with other systems. However the random backoff is a cause to preclude reuse-1 feature in LBE, since CCA blocking between the cells that choose different random numbers. Furthermore the rate of blocking is increased when exponential backoff algorithm is applied for contention window (CW) size adjustment. Regarding CW size adjustment for DL, the following was captured in the TR 36.889.

· For PDSCH, the following two approaches to adjust the contention window size should be considered and it should be noted that a combination of the options listed below is not precluded.

· Based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)
· Based on eNB’s assessment (e.g. sensing based adjustment)
Based on the agreement, we simulate 2 options for DL LBT as follows:
· Option 1: based on ACK/NACK (whole subframes in a COT)
· CW is doubled if UE sends NACK for data transmitted in any subframe in a COT. Otherwise, CW is initialized.
· Option 2: based on eNB’s sensing
· CW is doubled if eNB senses the interference greater than the CCA threshold + Δ at the first subframe in a COT. Otherwise, CW is initialized.
Main objective of exponential backoff is to avoid collisions between transmitters which backoff counter reaches zero at the same time. Option 1 and 2 are both ACK/NACK based CW adaptation schemes which is well used in conventional unlicensed wireless systems. Meanwhile sensing-based scheme (option 2) is recommended by regulation document (e.g. LBE Option A described in EN 301 893). In this contribution, ideal setup for option 2 is considered since the recommendation is not applied to LAA directly.
For option 1, latency for ACK/NACK feedback is ignored for the simplicity of simulation. ACK/NACK based exponential backoff algorithm needs a slight modification from the conventional one, since LTE is based on OFDMA system. The condition for q doubling happens when at least a NACK is reported. The condition for q initialization is when no NACK is reported. Timing for CW size decision is when a COT ends.
For option 2, we assume ideally that eNB can measure interferers at the start timing of transmission. CW size is doubled for next ECCA when the sum of interferences measured by the eNB is higher than the certain threshold. We choose -52 dBm which is the maximum available CCA threshold value.
2   Expected Issues for Frequency Reuse Supports
We investigated which factor of CW adaptation scheme is affected when frequency reuse is performed. 
Impact from CSI mismatch

Main factor we’ve found is CSI mismatch. The reason of CSI mismatch can be considered in two folds. One is the large difference of measurement level when multiple eNBs transmit concurrently and when nobody grasps the channel. Another is frequent change of interference level from strong interferers joining reuse transmission. Even though operating reuse scheme, not all eNBs transmit concurrently due to individual LBT at each eNB. This results in higher interference fluctuation than normal LBE case which does not apply a reuse scheme. In the normal LBE case, strong interferers within CCA sensing threshold range are blocked. Therefore CSI mismatch is lessen for normal LBE case, since just weak interferences are summed.
Impact from HARQ

Generally, CW size is apt to get increased when PER gets higher. If HARQ is supported as in LAA, the probability that transmission error occurs consecutively is small by the virtue of HARQ combining gain. Therefore, the CW size is not increased much. Meanwhile, if HARQ is not supported as in Wi-Fi, there is no way to obtain such a combining gain so that the probability of the consecutive transmission error is relatively high. As a result, the CW size can be largely increased. To investigate the effects of HARQ on the CW size, we investigate the two cases: (i) the maximum number of LAA HARQ retransmission is set to 0 (i.e., HARQ off) and (ii) it is set to 4 (i.e., HARQ on).
Impact from the length of COT

The length of COT is variable because eNB can configure it or traffic load can be varied. If the length of COT is long, the rate of CW size adjustment (i.e., 1/COT) will be small. Otherwise, if the length of COT is short, the rate will be high. However it does not mean that short COT always leads to higher mean CW. In an erroneous environment the mean CW would tend to be doubled frequently, while reset of CW to initial value will happen oftentimes as well.  
3   Simulation Results
Frame structure of LBE

Figure 1 shows the basic operation of LBE. 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 ACK/NACK feedback results. For evaluation purpose, 9 ms COT (Channel Occupancy Time) is defined. Note that the length of an ICCA/ECCA slot is set to 34us and 9 us respectively.
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Figure 1: Frame structure of LBE
Simulation assumptions

In this clause, initial simulation results are shown to compare different CW adaptation options for both normal LBE and LBE for reuse. Inter-PLMN scenario is not considered to focus just on reuse-1 issues so we assume that all cells are tightly synchronized. We choose single channel scenario with 4 rectangular deployed eNBs to see highly dense situation.

For channel measurement and report, we configure 7 ms delay to report CSI on measured channel at every 5ms subframe as conventional configuration. We don’t assume any enhancement for measurement to distinguish the state whether or not eNB are transmitting on the acquired channel.
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.
For a frequency reuse scheme, LAA signal subtraction model is used as described in Appendix B. The boundary for partial subframe is defined at [0, 0.25, 0.5, 0.75] ms in a subframe.
Analysis on performance results
A. HARQ off scenario
Table 1: Performance of CW adaptation schemes when HARQ is not used
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No reuse w/o exp BO 5.1 7.3 16 15.36 25.8

No reuse ACK/NACK 6.13 13.65 66.03 10.3 20.76

No reuse eNB-sensing 5.5 8.85 16.15 14.19 23.29

Reuse w/o exp BO 2.98 18.67 16 13.8 41.92

Reuse ACK/NACK 4.88 10.92 99.18 10.38 36.5

Reuse eNB-sensing 4.18 12.47 39.49 12.16 39.9

 
As shown in Table 1, FER of LAA is increased from about 20~25% to 36~42% when the reuse scheme is used. This is expected to happen because of frequent CSI mismatch. On account of higher FER and NACK rate, mean q gets increased from 60s to 90s when the reuse scheme is adopted. For option 1, the throughput of reuse LBT with exponential backoff is degraded from that of reuse LBT without exponential backoff. Moreover it gets worse even below that of normal LBE case due to higher q size and longer ECCA time. For option 2, the throughput of reuse LBT with exponential backoff is enhanced from that of reuse LBT without exponential backoff.
Figure 2 shows comparison with combinations of no reuse/reuse and NACK/sensing when HARQ is not used. We find that very high mean q is a major factor to degrade throughput when applying reuse LBT.
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Figure 2: LAA UPT and mean q when HARQ is not used
Observation 1: When HARQ is not used, the throughput of LBT protocol for reuse can be degraded due to higher CW size.
B. HARQ on scenario

Table 2: Performance of CW adaptation schemes when HARQ is used
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No reuse w/o exp BO 4.75 10.83 16 14.82 11.7

No reuse ACK/NACK 5.68 13.26 29.35 12.17 11.13

No reuse eNB-sensing 5.05 11.02 16.19 14.79 12.08

Reuse w/o exp BO 4.15 22.1 16 11.32 25.76

Reuse ACK/NACK 4.61 20.63 29.29 10.83 21.72

Reuse eNB-sensing 4.65 17.93 36.48 11.33 21.29


Table 2 shows interesting results when HARQ is used. Different tendency is observed for normal LBE and reuse LBE.
For normal LBE without frequency reuse, FER of LAA is decreased owing to HARQ combining gain. However the throughput of LAA is smaller than the case of HARQ off, nevertheless mean q is also decreased. We guess that increased collision rate and latency caused by HARQ combining may affect the observed performance degradation.
Observation 2: When HARQ is used for normal LBE, the throughput would be degraded due to higher collision rate and small mean CW size.
For reuse LBE, FER of LAA is about 20% similar as the case of no reuse without HARQ. However mean CW size is decreased from 60s to 30s. This is because the error probability of retransmission packets is decreased by the virtue of HARQ combining gain. Thanks to lower CW size and higher reuse gain, UPT of LAA for reuse LBE is nearly doubled over UPT of LAA without reuse scheme. 
Observation 3: When HARQ is used for reuse LBE, mean CW size is reduced since the error probability of retransmission packets are decreased due to HARQ combining gain.
Observation 4: When HARQ is used, reuse LBE works well without sacrificing the throughput. However WiFi throughput is degraded since LAA gives higher interferences to WiFi while keeping low CW size aggressively.
Figure 3 shows comparison with combinations of no reuse/reuse and NACK/sensing when HARQ is used. We find that same mean q is measured from both normal LBE and reuse LBE when CW is adjusted by NACK report. While, eNB sensing scheme shows higher mean q for reuse LBE since eNB senses higher interferences from concurrent transmission among multiple eNBs.
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Figure 3: LAA UPT and mean q when HARQ is used
Figure 4 shows reassembled graph for convenience to see differences between HARQ on and off. Key messages from figures are as follows:

· Option 1 (ACK/NACK-based backoff) is correlated with HARQ on and off. The performance of reuse LBE is enhanced when HARQ is used since mean CW size is not affected by increased interference at reuse LBE.

· Option 2 (eNB-sensing based backoff) is not correlated with HARQ on and off. The mean CW size is affected whether reuse LBE is used or not. 
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Figure 4: LAA UPT and mean q for no reuse/reuse & HARQ on/off cases
Proposal 1: Based on the identified observations, HARQ effects are dominant and should be considered for further evaluation and discussion to integrate with exponential backoff and LBT scheme for frequency reuse.
4   Conclusion
Based on the discussion and identified observations in this contribution, we propose followings:
Observation 1: When HARQ is not used, the throughput of LBT protocol for reuse can be degraded due to higher CW size.

Observation 2: When HARQ is used for normal LBE, the throughput would be degraded due to higher collision rate and small mean CW size.
Observation 3: When HARQ is used for reuse LBE, mean CW size is reduced since the error probability of retransmission packets are decreased due to HARQ combining gain.

Observation 4: When HARQ is used, reuse LBE works well without sacrificing the throughput. However WiFi throughput is degraded since LAA gives higher interferences to WiFi while keeping low CW size aggressively.

Proposal 1: Based on the identified observations, HARQ effects are dominant and should be considered for further evaluation and discussion to integrate with exponential backoff and LBT scheme for frequency reuse.

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
	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


Appendix B
LAA signal subtraction based on initial signal

1 An eNB has a default CCA threshold, which is denoted by Th0.

2 Let’s assume that the eNB is now performing ICCA/ECCA for channel access. If the eNB detects the initial signal transmitted by neighbour eNBs at a certain CCA slot, it calculates the received power of the initial signal and derives the following metric:

Isubtracted = Total received power – Received power of the initial signal.

3 Then, the eNB performs the CCA check by comparing Isubtracted with the CCA threshold Th0.
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Fig. 3. Operation of Option 2: LAA signal subtraction
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