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Discussion/Decision
1 Introduction
In the RAN1 #80bis meeting, we discussed several issues on frequency reuse among LAA eNBs and concluded as follows.

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 Combinations of those options or other alternatives are not precluded
In addition, the followings were agreed in the RAN1 #82 meeting, which indicated that candidates for supporting the frequency reuse could be (a) the TX start timing alignment by self-deferral during ECCA and/or (b) the CCA threshold adaptation.
Agreements

Clarification of LBT procedure

· During the ECCA procedure, the backoff counter does not have to be decremented when a slot is sensed to be idle.

· If a slot is not observed it should be assumed to be busy.
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.

In this contribution, we focus on the performance evaluation of the options for the frequency reuse, as we have studied in [2][3]. We clearly mention simulation assumption, analyse performance, and suggest potential issues that need to be considered further to support this functionality in LAA.
2 Options for Frequency Reuse in LAA
We herein describe the operations of the CCA threshold adaptation and the TX start timing alignment. For the CCA threshold adaptation, we focus on the case where it is triggered only when LAA interference is dominant compared to Wi-Fi interference. More details on how to identify this case will be discussed later. We also consider the case where both the TX start timing alignment and the CCA threshold adaptation are used together in order to achieve better performance. The operations of these options can be described as follows.

Option 1) CCA threshold adaptation by identifying interference type on zero power resource elements (ZPREs)
1 An eNB sets a CCA threshold to Th0 as a default value.

2 Let’s assume that the eNB is now performing ICCA/ECCA for channel access and that the eNB has a capability of identifying the source of interference (i.e., LAA or Wi-Fi). Under such assumptions, if the eNB recognizes that Wi-Fi interference is weaker than a pre-defined threshold at a certain CCA slot, the CCA threshold Th0 is changed to Th1 at the CCA slot.

· The identification of the source of interference can be realized by utilizing, for instance, the zero power resource elements (ZPREs) proposed in [4]. For this purpose, we assume that 4 % of total RBs are not always assigned to any UE and that the eNB measures the RSRP on these RBs to estimate the Wi-Fi interference.
· Generally, Th1 is higher than Th0 so that receiving lower interference from Wi-Fi makes the eNB access the channel more easily.

· Note that the eNB applies Th0 at the CCA slot where the LAA signals are not detected.

[image: image1.emf]C

C

A

C

C

A

C

C

A

ECCA complete

Typical LAA signal Initial signal LAA eNB 1

LAA eNB 2 Apply CCA threshold Th1

Apply CCA 

threshold Th0

If RSRP

Total

> Th0 and RSRP

ZPRE

< Th

ZPRE

,

the CCA threshold Th0 is changed to Th1


Figure 1 Operation of Option 1: CCA threshold adaptation by identifying interference type
Option 2) TX start timing alignment by self-deferral
1 A set of eNBs in a cluster share a common TX start timing, which is denoted by Tcommon, and set a CCA threshold to Th0 as a default value.
· We consider the case where Tcommon appears periodically, as illustrated in Fig. 3.
2 Each eNB in the cluster chooses a random number and independently performs ECCA.

3 The eNB that reaches the last backoff counter before transmission (e.g., Nremain = 1) performs self-deferral until Tcommon.
4 Then, the eNB performs the last CCA check just before Tcommon and transmits at Tcommon if it detects the clear channel.

· We, of course, follow all the details of the LBT Cat. 4 flowchart that has been agreed until now [1].
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Figure 2 Operation of Option 2: TX start timing alignment by self-deferral
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Figure 3 Configuration of periodic Tcommon (e.g., the interval of Tcommon = 1 and 0.5 ms)
Option 3) TX start timing alignment by self-deferral and the identification of interference type on initial signal

1 A set of eNBs in a cluster share a common TX start timing, which is denoted by Tcommon, and set a CCA threshold to Th0 as a default value.
2 Each eNB in the cluster chooses a random number and independently performs ECCA.

3 The eNB that reaches the last backoff counter before transmission (e.g., Nremain = 1) performs self-deferral until Tcommon.
4 Then, the eNB performs the last CCA check just before Tcommon and transmits at Tcommon if it detects the clear channel.
· Note that the eNB first transmits an initial signal from Tcommon to an upcoming subframe (or partial subframe) boundary and then starts to transmit typical signals such as PDCCH and PDSCH.
5 In Option 3, we consider the case where identifying the source of interference (i.e., LAA or Wi-Fi) is performed during the time when the initial signal is transmitted (i.e., from Tcommon to the upcoming subframe boundary). Since the initial signal may not occupy whole RBs in a frequency domain, there must be the unused RBs and such RBs can be viewed as the ZPREs in Option 1. Using the unused RBs, the CCA threshold adaptation in Option 1 is also applied to Option 3.

· If the TX start timing Tcommon is pre-defined, the initial signal TX period is also determined from Tcommon to the upcoming subframe boundary. Then, the UEs can apply the CCA threshold adaptation without detecting the PSS/SSS transmitted in this period.
· Hence, if the eNB finds that the RSRP measured on the unused RBs is weaker than a threshold ThEmpty at a certain CCA slot, the CCA threshold Th0 is changed to Th1 at the CCA slot. For this purpose, the configuration of the unused RBs in the initial signal TX period needs to be shared among the set of eNBs in advance.
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Figure 4 Operation of Option 3: TX start timing alignment by self-deferral and the identification of interference type on initial signal

3 Simulation Results
We now investigate the performance of the above options for the frequency reuse. We consider mean user-perceived throughput (UPT) as a performance metric. For each option, the following parameters are used in simulation.
Option 1) CCA threshold adaptation by identifying interference type on zero power resource elements (ZPREs)
· Th0 = –82 dBm, ThZPRE = –82 dBm, Th1 = –52 dBm, Overhead due to the ZPREs = 4 %
Option 2) TX start timing alignment by self-deferral
· Th0 = –82 dBm, ΔTcommon = 1 / 0.5 / 0.25 / 0.1 / 0 ms
Option 3) TX start timing alignment by self-deferral and the identification of interference type on initial signal
· Th0 = –82 dBm, ThEmpty = –82 dBm, Th1 = –52 dBm, ΔTcommon = 1 / 0.5 / 0.25 / 0.1 / 0 ms
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Figure 5 Mean UPT of normal LBE, option 1, and option 3
[image: image6.emf]48

50

52

54

56

58

60

62

Normal LBE Option 1 Option 3

(1 ms)

Option 3

(0.5 ms)

Option 3

(0.25 ms)

Option 3

(0.1 ms)

Option 3

(0 ms)

SUM UPT (MBPS)

Sum (LAA + Wi-Fi)


Figure 6 Sum UPT of normal LBE, option 1, and option 3
First of all, we compare the performance of the options 1 and 3 to that of the normal LBE, which does not have the capability of the frequency reuse. As shown in Fig. 5, the LAA UPT of the option 1 is higher than that of the normal LBE, while the Wi-Fi UPT of the option 1 is similar to that of the normal LBE. Since the option 1 performs the CCA threshold adaptation only when the RSRP measured on the ZPREs is less than a given threshold, the Wi-Fi UPT is not degraded although the LAA UPT increases due to the frequency reuse.
Observation 1: The option 1, which is the CCA threshold adaptation by identifying the source of interference using the ZPREs, shows the improved LAA performance without the Wi-Fi performance degradation.
In case of the option 3, the LAA and Wi-Fi UPTs largely depend on the interval between two consecutive TX start timings (i.e., ΔTcommon, please see Fig. 3). As ΔTcommon becomes smaller, the LAA UPT increases while the Wi-Fi UPT decreases.

In particular, when ΔTcommon is set to 1 ms, the Wi-Fi UPT of the option 3 becomes 66.9 % higher than that of the normal LBE, while the LAA UPT of the option 3 becomes 13.7 % lower than that of the normal LBE. Such a long interval of Tcommon provides a large number of channel access opportunities for Wi-Fi, and accordingly increases the Wi-Fi UPT. However, the decrease in the LAA UPT is much smaller than the increase in the Wi-Fi UPT. This is because the frequency reuse among eNBs make the LAA UPT as high as possible although their TX start timing is limited to Tcommon. In this context, we find that the sum (LAA + Wi-Fi) UPT of the option 3 with ΔTcommon = 1 ms has the highest value compared to all other cases, as represented in Fig. 6.

When ΔTcommon is between 0 and 1 ms, the performance of LAA and Wi-Fi is well controlled in an intended manner. Such a property of the option 3 is very meaningful since some operators that have both LAA and Wi-Fi networks can manage the capacity of these networks according to the user’s demands for LAA and Wi-Fi.

Observation 2: The option 3, which is the TX start timing alignment with the CCA threshold adaptation by identifying the source of interference using the unused RBs in the initial signal TX period, can balance the LAA and Wi-Fi performance according to the configuration of ΔTcommon.

When ΔTcommon is set to 0 ms, the LAA UPT of the option 3 becomes 15.7 % higher than that of the normal LBE, while the Wi-Fi UPT of the option 3 is similar to that of the normal LBE. In this case, there is no pre-defined TX start timing but an eNB can identify the source of interference using the unused RBs in the initial signal TX period and perform the CCA threshold adaptation to achieve the frequency reuse. Therefore, the LAA performance improvement is observed without the Wi-Fi performance degradation.
It should be noted that the performance of the option 3 with ΔTcommon = 0 ms is almost the same as that of the option 1 in terms of both LAA and Wi-Fi UPTs. The key difference between the option 3 and the option 1 is that the option 3 utilizes the unused RBs in the initial signal TX period while the option 1 needs the ZPREs, which is intentionally not assigned to any UE, in PDSCH.

Observation 3: The option 3 with ΔTcommon = 0 ms shows the same performance with the option 1, although the option 3 utilizes the unused RBs in the initial signal TX period while the option 1 needs the ZPREs, which is intentionally not assigned to any UE, in PDSCH.

It is obvious that if the CCA threshold adaptation is based on the option 1, the efficiency of radio resource utilization becomes lower as the overhead due to the ZPREs in PDSCH becomes higher. Furthermore, we do not find any performance degradation of the option 3 compared to the option 1 if ΔTcommon is set to 0 ms. Finally, the option 3 has the capability of balancing the capacity of LAA and Wi-Fi networks in an intended manner by adjusting ΔTcommon. As a result, if the CCA threshold adaptation is introduced for the improved frequency reuse, we prefer to utilize the unused RBs in the initial signal TX period on top of the TX start timing alignment (i.e., the option 3) instead of using the ZPREs in PDSCH (i.e., the option 1).
Proposal 1: If the CCA threshold adaptation is introduced for the improved frequency reuse, we prefer to utilize the unused RBs in the initial signal TX period on top of the TX start timing alignment (i.e., the option 3) instead of using the ZPREs in PDSCH (i.e., the option 1).
4 Conclusions
Observation 1: The option 1, which is the CCA threshold adaptation by identifying the source of interference using the ZPREs, shows the improved LAA performance without the Wi-Fi performance degradation.

Observation 2: The option 3, which is the TX start timing alignment with the CCA threshold adaptation by identifying the source of interference using the unused RBs in the initial signal TX period, can balance the LAA and Wi-Fi performance according to the configuration of ΔTcommon.

Observation 3: The option 3 with ΔTcommon = 0 ms shows the same performance with the option 1, although the option 3 utilizes the unused RBs in the initial signal TX period while the option 1 needs the ZPREs, which is intentionally not assigned to any UE, in PDSCH.
Proposal 1: If the CCA threshold adaptation is introduced for the improved frequency reuse, we prefer to utilize the unused RBs in the initial signal TX period on top of the TX start timing alignment (i.e., the option 3) instead of using the ZPREs in PDSCH (i.e., the option 1).
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Appendix
Performance evaluation of the option 2
In Fig. 7, the performance of the option 2, which simply applies the TX start timing alignment, is compared to that of the normal LBE. We can find that the Wi-Fi performance is largely improved while the LAA performance is degraded. For instance, when ΔTcommon is set to 1 ms, the increase in the Wi-Fi UPT is 75.3 % while the decrease in the LAA UPT is 13.2 %. Besides, the sum UPT of the option 2 is increased by 15.6 % compared to the normal LBE. Therefore, we can say that the TX start timing alignment is an efficient method to utilize unlicensed frequency bands with respect to the sum UPT.
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Figure 7 Mean/sum UPT of normal LBE and option 2
However, the periodic configuration of Tcommon somewhat limits LAA’s channel access opportunities so that the LAA UPT decreases, especially when the traffic load on Wi-Fi is high. In order to compensate for the performance loss of LAA, we have suggested the option 3, which adopts the CCA threshold adaptation during the initial signal TX period on top of the TX start timing alignment.
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