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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 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 summarize the operations of the CCA threshold adaptation and the TX start timing alignment. In addition, we investigate their impacts on specification. Several operations that are affected by the frequency reuse are also discussed.
2 Design Options for Frequency Reuse
We herein describe the operations of the CCA threshold adaptation and the TX start timing alignment, which is further categorized into the self-deferral-based method and the backoff counter coordination-based method. Then, we examine the pros and cons of these options in order to find the most suitable option for the frequency reuse in LAA.

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 [2]. For this purpose, a certain amount of resource blocks (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.
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Figure 1 Operation of Option 1: CCA threshold adaptation by identifying interference type on ZPREs
Pros of Option 1
A. An eNB can estimate Wi-Fi interference by simply measuring the ZPREs. By virtue of this capability, eNBs can attempt the frequency reuse only when the Wi-Fi interference is weak (i.e., low activity of Wi-Fi in a neighbourhood).
Cons of Option 1
A. The ZPREs can be a cause of LAA throughput degradation. The accuracy of the Wi-Fi interference estimation depends on the amount of the ZPREs so that a non-negligible amount of resources cannot be used to transmit data continuously in a time domain.
B. This scheme requires the coordination among eNBs to set the common ZPREs.
Specification impact of Option 1
A. Definition and coordination mechanisms of the ZPREs
B. CCA threshold adaptation rules according to the interference measured on the ZPREs
Option 2a) 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.
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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 ΔTcommon = 0.5 ms)
Pros of Option 2a
A. This scheme utilizes the self-deferral that is already captured in TR 36.889 [1].
B. Compared to Option 1, this scheme does not increase the complexity of the CCA check.

C. In Option 2a, each eNB performs ECCA independently so that it does not raise any issue related to the regulation.
Cons of Option 2a
A. This scheme requires the coordination among eNBs to set the common TX start timing Tcommon.

· If we configure Tcommon in a periodic (or semi-static) manner, then the overhead due to the coordination can be significantly reduced.

B.  It is possible that Wi-Fi grabs the channel while the eNB is performing the self-deferral.

· The performance loss due to this phenomenon can be reduced by limiting the duration of the self-deferral.

Specification impact of Option 2a
A. Definition and coordination mechanisms of the common TX start timing Tcommon
Option 2b) TX start timing alignment by backoff counter coordination
1 A set of eNBs in a cluster share a common backoff number and start ECCA at the same time using that number.

· After starting the ECCA, each eNB in the cluster performs the CCA check individually.

· If some of the eNBs have not detected the busy channel during the ECCA, the frequency reuse among them is achieved.

· On the other hand, if some of the eNBs have detected the busy channel during the ECCA, they cannot join the simultaneous transmission with other eNBs.
2 All the eNBs in the cluster stop transmission at the same time and reset their backoff numbers to a new value. Then, they repeat the step 1 periodically.
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Figure 4 Operation of Option 2a: ECCA based on a common backoff number among eNBs
Pros of Option 2b
A. Compared to Option 1, this scheme does not increase the complexity of the CCA check.
Cons of Option 2b
A. In Option 2b, multiple eNBs perform ECCA using the same backoff number. It is not clear whether such a method complies with the regulation.
B. Since the exponential backoff-based LBT Cat. 4 is used, all the eNBs in the cluster may have different contention window sizes. Therefore, it is difficult to set their backoff number to the same value.
C. Moreover, this scheme has a controversial point from the regulation perspective. Let’s consider the situation where one of the eNBs in the cluster is performing ECCA and its backoff counter is now frozen at Nremain (i.e., the remaining backoff counter = Nremain). Remind that Option 2b periodically resets the common backoff number to a new value. Then, it can happen that the updated value is lower than Nremain. Such behaviour can raise a regulation issue.

D. This scheme requires the coordination among eNBs to share and reset the common backoff number in addition to the common ECCA start timing.
Specification impact of Option 2b
A. Definition and coordination mechanisms of the common backoff number and the common ECCA start timing
B. Rules for a renewal of the common backoff number among eNBs, each of which may have a different contention window size
3 Issues Related to Frequency Reuse
3.1 Energy Detection (ED) Threshold Adaptation
In the RAN1 #82bis meeting, we discussed the rules that adaptively lower the maximum ED threshold to ensure fair coexistence with other RATs including Wi-Fi and good performance of LAA. This discussion is closely related to the frequency reuse among LAA eNBs as we mentioned in Option 1. Therefore, we need to consider the ED threshold adaptation rules from the frequency reuse perspective. For this purpose, let’s see the following ED threshold adaptation rule. Note order of three ED threshold values: (ED1>ED3≥ED2)
1 The eNB checks the presence of Wi-Fi by using, for instance, the Wi-Fi receiver co-located at the eNB.
(If Wi-Fi is present, the eNB uses maximum ED threshold 2 (ED2).) 
2 If Wi-Fi is not present, the eNB checks the presence of inter-operator LAA interference.
(If inter-operator LAA is present, the eNB uses maximum ED threshold 3 (ED3).)
3 If the inter-operator LAA interference is not present, the eNB uses the maximum ED threshold 1 (ED1).
Note that the presence of inter-operator LAA interference can be identified as follows. First, if Option 1 (i.e., the CCA threshold adaptation) is used for the frequency reuse, multiple operators can set their ZPREs to different time/frequency resources from each other, as shown in Fig. 5(a). Therefore, the eNB can know the presence of the inter-operator LAA interference by simply measuring its own ZPREs.

Next, if Options 2a and 2b (i.e., the methods based on the TX start timing alignment) are used for the frequency reuse, multiple operators can have different TX start timings (e.g., by coordination or randomization). It means that the eNBs belonging to different operators start to transmit LAA initial signals at different timings. Therefore, if each operator has a dedicated blank portion (like ZPREs) in its initial signal, the eNBs can know the presence of the inter-operator LAA interference by simply measuring the dedicated blank portion in the initial signal. This is illustrated in Fig. 5(b).
It should be noted that Option 1 requires the ZPREs continuously in a time domain while Option 2 requires the blank portion only in the initial signal. Therefore, from the resource efficiency point of view, we can say that Option 2, which is based on the TX start timing alignment, is beneficial for the frequency reuse.
Proposal 1: It is proposed to support frequency reuse LBT based on ED threshold adaptation on top of TX timing alignment.
Proposal 2: It is proposed to leave some REs blank in an initial signal. Such a restriction of implementing the initial signal is beneficial to (a) the Wi-Fi/inter-operator interference detection and (b) the frequency reuse among LAA eNBs by adjusting the maximum ED threshold.

[image: image5.emf]Wi-Fi

LAA

(operator 2)

LAA

(operator 1)

ZPREs

Each operator has 

different ZPREs

PDCCH 1 subframe

Wi-Fi

LAA

(operator 2)

LAA

(operator 1)

Initial signal

until subframe boundary

PDCCH No ZPREs

Each operator has 

different TX start timing

(a) (b)


Figure 5 Detection of Wi-Fi and inter-operator LAA interference: (a) frequency reuse based on Option 1
and (b) frequency reuse based on Option 2
3.2 Multi-carrier LBT

From RAN1 #82bis, two alternatives for multi-carrier LBT were identified. Alt. 1 is Wi-Fi-like channel bonding and Alt. 2 is based on individual LBT per carrier. From the frequency reuse perspective, the total reuse factor will be increased when the number of successful carriers for reuse is increased. In this sense, it is beneficial for Alt. 1 to configure a primary carrier for ECCA in the same carrier between intra-operator eNBs. Otherwise, timing of successful LBT in the primary carrier of each eNB will be different, so following non-primary carriers have less chance to transmit concurrently as well. Regarding Alt. 2, expected reuse factor is same for single and multiple carriers because LBT is performed individually. However, it is preferred to align timings between adjacent carriers subject to inter-carrier self-interference. Therefore it is beneficial to adopt Wi-Fi-like channel bonding when TX timing is aligned in the at least one of multiple carriers with individual LBT. It means that when eNB waits for a data burst transmission of a carrier by self-deferral, the eNB aligns TX timing following CCA of other carriers into TX timing of the self-deferring carrier. 
Observation 1: If primary carrier is configured and frequency reuse LBT is enabled, it can be beneficial from the implementation point of view to configure the primary carrier in the same carrier between intra-operator eNBs. 
Observation 2: If primary carrier is not configured and frequency reuse LBT is enabled, it can be beneficial that TX timing of carriers is aligned to the TX timing of the carrier getting chance to transmit firstly.
4 Conclusions
Based on the discussion in this contribution, we propose followings:
On energy detection threshold:
Proposal 1: It is proposed to support frequency reuse LBT based on ED threshold adaptation on top of TX timing alignment.
Proposal 2: It is proposed to leave some REs blank in an initial signal. Such a restriction of implementing the initial signal is beneficial to (a) the Wi-Fi/inter-operator interference detection and (b) the frequency reuse among LAA eNBs by adjusting the maximum ED threshold.
On multi-carrier LBT:

Observation 1: If primary carrier is configured and frequency reuse LBT is enabled, it can be beneficial from the implementation point of view to configure the primary carrier in the same carrier between intra-operator eNBs. 

Observation 2: If primary carrier is not configured and frequency reuse LBT is enabled, it can be beneficial that TX timing of carriers is aligned to the TX timing of the carrier getting chance to transmit firstly.
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