3GPP TSG RAN WG1 Meeting #82

                                      R1- 154369
Beijing, China, 24th - 28th August 2015
Source:
ITRI
Title:
Further evaluation results for LAA frequency reuse
Agenda Item:
7.2.4.1
Document for:
Discussion
1 Introduction

In RAN1#80bis meeting, the frequency reuse issue was discussed and the following conclusions were made:

Conclusions:

· At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
1 CCA threshold adaptation

2 Tx start timing alignment

3 Signal subtraction from ED or modified ED
4 Combination of those options or other alternatives are not precluded.

In the previous RAN1 meeting, some contributions [1-9] were presented. In this contribution, we provide further discussion and evaluation results for LAA frequency reuse.
2 Discussions
In licensed LTE systems, frequency reuse 1 is easily achieved, because licensed LTE systems can fully control the used licensed bands. Interference issues could be handled by link adaptation, FeICIC, and other interference mitigation mechanisms. However, ETSI specifies Listen-Before-Talk (LBT) requirements to determine whether the channel is occupied or not for unlicensed bands. If the channel is occupied for an unlicensed device, the unlicensed device should not use the channel. LAA needs new mechanisms to improve frequency reuse because of the LBT requirements. 3GPP TR 36.889 [10] captures the evaluation results of the following four LBT categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window

LBT category 2 could be regarded as Frame-Based Equipment-based (FBE-based) LBT mechanism, and LBT categories 3 and 4 could be regarded as Load-Based Equipment-based (LBE-based) LBT mechanisms. Based on the evaluation results of [10], DL-only LAA with LBT categories 2, 3, and 4 using appropriate parameters can basically ensure fairness and less impact with Wi-Fi, even in high load and full buffer cases. DL-only LAA with LBT categories 4 can achieve fair coexistence with Wi-Fi and better performance than DL-only LAA with LBT categories 2 or 3, as shown in Figure 1 and [10], so the following agreements were made in RAN1#81 meeting:
Agreements:
· It is recommended that the agreed Category 4 based LBT mechanism is the baseline at least for LAA DL transmission bursts containing PDSCH
· FFS: Category 2 based LBT mechanism is also supported for LAA DL transmission bursts containing PDSCH
· Capture above only mail bullet to the TR

Therefore, we base on LBT category 4 (LBE) to discuss the options improving frequency reuse.
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Figure 1 UPT of LAA and Wi-Fi coexistence with DL-only LAA (high load, λ=4.5)
· 2.1
CCA threshold adaptation
CCA threshold adaptation is based on LAA and Wi-Fi signal detection to adapt the CCA energy detection threshold. The value (EX: -73dBm/MHz [11]) of the CCA energy detection threshold is usually specified by the regulatory requirements of each region, and could be based on evaluation results of Wi-Fi. The LAA and Wi-Fi signal detection may be able to be based on LAA DRS and Wi-Fi Beacon. However, CCA threshold adaptation for improving frequency reuse may be difficult to find a suitable value of the CCA energy detection threshold, because it needs to consider scenarios of LAA only, LAA and LAA coexistence [12], and Wi-Fi and LAA coexistence. Moreover, CCA threshold adaptation should not be used in scenarios of Wi-Fi and LAA coexistence for avoiding significant impact to Wi-Fi systems.
Observation 1: CCA threshold adaptation for improving frequency reuse is difficult to find a suitable value of the CCA energy detection threshold, considering scenarios of LAA only, LAA and LAA coexistence, and Wi-Fi and LAA coexistence.
Observation 2: CCA threshold adaptation should not be used in scenarios of Wi-Fi and LAA coexistence for avoiding significant impact to Wi-Fi systems.
· 2.2
Tx start timing alignment
Tx start timing alignment is to align Tx timing of LAA DL transmission with LBT categories 4. Basically, fully Tx start timing alignment is close to LAA DL transmission with LBT categories 2, and LAA DL transmission with LBT categories 2 can easily achieve frequency reuse 1 because all Tx start timing is aligned at the beginning of each subframe, as shown in Figure 2. Figure 3 shows that the mean UPT of LAA DL transmission with LBT categories 2 is better than the mean UPT of LAA DL transmission with LBT categories 3 or 4 in LAA and LAA coexistence scenario. Unfortunately, LAA DL transmission with LBT categories 3 cannot achieve a better performance than DL-only LAA with LBT categories 4 in LAA and Wi-Fi coexistence scenario, as shown in Figure 1. This may be due to LBT category 2 having less contention opportunities and LBT category 4 allowing a variable contention window (CW) size like the LBT mechanism of Wi-Fi. 
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Figure 2 Example of frequency reuse based on LAA DL transmission with LBT categories 2
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Figure 3 UPT of LAA and LAA coexistence with DL-only LAA (high load, λ=6.5)
LBT categories 4 with Tx start timing alignment [2] could be a possible way to achieve better frequency reuse and coexistence performance. Figure 4 shows an example in which LAA DL transmission follows LBT categories 4 but try to align Tx start timing. Figure 5 shows that the mean UPT of LAA DL transmission with LBT categories 4 with Tx start timing every 4 subframes is better than the mean UPT of LAA DL transmission with categories 2 or 4 in LAA and Wi-Fi coexistence scenario.
Observation 3: Tx start timing alignment could be beneficial for frequency reuse.
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Figure 4 Example of frequency reuse based on LAA DL transmission with LBT categories 2 and 4
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Figure 5 UPT of LAA and Wi-Fi coexistence with DL-only LAA (high load, λ=4.5)
· 2.3
Signal subtraction from ED or modified ED
Signal subtraction from ED or modified ED is based on LAA signal detection and measurement to subtract LAA interference in CCA energy detection. It needs to identify interference sources and estimate interference energy detection levels accurately in a short time. Moreover, the LAA signal detection and measurement may need additional overhead [13] and would increase the ED complexity, especially for LBE-based LBT mechanisms. CCA energy detection is possible at any time for LBE-based LBT mechanisms.
Observation 4: Signal subtraction from ED or modified ED may need additional overhead and would increase the ED complexity.
3 Conclusions

In this contribution, we provide further discussion and evaluation results for LAA frequency reuse. From the discussion and evaluation results, we have the following observations:
Observation 1: CCA threshold adaptation for improving frequency reuse is difficult to find a suitable value of the CCA energy detection threshold, considering scenarios of LAA only, LAA and LAA coexistence, and Wi-Fi and LAA coexistence.
Observation 2: CCA threshold adaptation should not be used in scenarios of Wi-Fi and LAA coexistence for avoiding significant impact to Wi-Fi systems.
Observation 3: Tx start timing alignment could be beneficial for frequency reuse.
Observation 4: Signal subtraction from ED or modified ED may need additional overhead and would increase the ED complexity.
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5 Appendix
	Parameter
	Value

	Layout
	Indoor

	Number of unlicensed band carrier
	1

	Number of UEs
	10

	Traffic model
	FTP model 3

	LAA/Wi-Fi MCS
	without 256QAM

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	CCA-CS
	-82 dBm

	CCA-ED
	-62 dBm

	CCA and ECCA slot lengths
	20 us and 9 μs

	LAA TXOP
	4 ms

	Wi-Fi MPDU size
	1,500 bytes

	Wi-Fi TXOP
	4 ms

	Wi-Fi channel coding
	BCC

	Rate control
	Minstrel

	Additional comments
	LBT category 2 with frame period: 1ms 

LBT category 3 with q=32, Maximum Occupancy Time= 4 ms

LBT category 4 following the ETSI standard
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