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Discussion and decision
1. Introduction
In the RAN1 #82 meeting,the agreements on frequency reuse for LAA were as follows.

· 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.
Thus the options for frequency reuse include CCA threshold adaptation and TX start timing alignment. In this contribution, we will discuss the option of TX start timing alignment.
2. Discussion
One key function to implement alignment in TX start timing is the design of backoff counter. Several options about backoff counter handling in TX start timing alignment are as follows:

Option1: ECCA based on a common backoff number among eNBs in the certain area at the same time.
Option1a: All the backoff counter stop to wait when one of eNBs sense the channel is occupied until the channel is clear. Then, backoff counter start decreasing simultaneously again.

At last, all the eNBs can access the channel simultaneously and achieve the frequency reuse.

Option1b: eNBs of successful ECCA on the same channel join the frequency reusing.
After starting the ECCA, each eNB in the certain area 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.All the eNBs stop transmission at the same time and reset their backoff numbers to a new value. Then, they repeat the prior steps periodically.

Option1c: Updating the backoff counter based on CCA results.

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

Use two LAA cells as an example, and assume both of them have pending data to transmit. Without loss of generality, if LAA cell A senses the channel is idle in a CCA slot and the backoff counter reduces to zero, it obtains the channel and starts a LAA burst transmission. 

If simultaneous transmission from LAA cell A and cell B is beneficial to the overall system performance (e.g. enhanced throughput or spectrum efficiency), the eNB may schedule simultaneous LAA transmissions from LAA cell B even if the backoff counter of LAA cell B is not zero.

To achieve this, the eNB should check the CCA detection results and coordinate the backoff counter of LAA cell B. 
Option2: ECCA based on an independent backoff number with self-deferral.
A set of eNBs in a cluster share a common TX start timing, which is denoted by Tcommon. We consider the case where Tcommon appears periodically.Each eNB in the cluster chooses a random number and independently performs ECCA.The eNB that completes the ECCA before the upcoming Tcommon performs the self-deferral until that Tcommon.Then, the eNB performs the CCA check just before Tcommon and transmits at Tcommon if it detects the clear channel.

In the Table 1, more analysis on pros and cons for each above option is provided.

Table 1:Pros and Cons of options for TX start timing alignment

	
	Pros
	Cons

	Option1a
	It can guarantee frequency reuse among as many eNBs as possible.
	When the channel is busy, eNBs may wait a long time before starting LAA transmission.

	Option1b
	Compared to options 1a and 2, this scheme does not increase the complexity of the CCA check.
	This scheme requires the coordination among eNBs to share and reset the common backoff number.

This scheme requires multiple eNBs performing ECCA using the same backoff number. It is not clear whether such a method complies with the regulation.

	Option1c
	Compared to options 1a and 2, this scheme does not increase the complexity of the CCA check.

Compared to option1b, this scheme increase the possibility which one eNB join in the frequency reuse.
	This scheme requires the coordination among eNBs to share and reset the common backoff number.

This scheme requires multiple eNBs performing ECCA using the same backoff number. It is not clear whether such a method complies with the regulation.

	Option2
	In this option, each eNB performs ECCA independently so that it does not raise any issue related to the regulation.
This scheme utilizes the self-deferral whose concept was already captured in TR 36.889.
	This scheme requires the coordination among eNBs to set the common TX start timing Tcommon.

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


Take all prior options into consideration, with the goal of minimum overhead and minimum delay, option 1c is the optimal scheme. On the one hand, this scheme have a good performance in frequency reuse. It keeps a balance on efficiency and performance. On the other hand, this scheme only performs signaling interaction before all eNBs atart CCA and after the first eNB finish CCA. No signaling interaction is performed during the CCA process. Obviously, compared to other options, this option significantly reduced the signaling overhead. However, X2 interface time delay in LTE system usually reaches dozens of milliseconds. It may exert an influence on frequency reuse as the duration of CCA is just dozens of microseconds. From that point, Option 2 could also be a candidate option.
Proposal 1: Option1c and Option 2 could be the candidate options for implementing frequency reuse.

Proposal 2: How X2 interface time delay influence signaling interaction during the CCA process needs further discussion. 
3. Conclusion

In this contribution, we discuss the potential options for LAA frequency reusing and give some analysis to campare the comlexity and achieving performance of each option. The following proposals can be summarized: 
Proposal 1: Option1c and Option 2 could be the candidate options for implementing frequency reuse.

Proposal 2: How X2 interface time delay influence signaling interaction during the CCA process needs further discussion. 
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