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1. Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19]In 3GPP RAN1 Session #82bits meeting, the agreement for CWS adjustment are shown below
Agreements:
· For CWS adjustment based on HARQ-ACKs,
· Set of CWSs for LBT priority class 3 = {15, 31, 63}
· The CWS is increased if at least Z % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value (i.e., 15).
· Reference subframe set (to be down selected)
· Alt. 1: the latest DL subframe for which HARQ-ACK feedback is available
· Alt. 2: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available 
· Alt. 3: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available
· FFS on the Z value. Select one out of {10%, 50%, 75%, 100%}.
· In addition, the CWS is reset to the minimum value (i.e., 15) if the maximum CWS (i.e., 63) is used for K consecutive eCCA for transmission
· K is selected by NW from the set of values from (1, …,8)
· FFS: Whether the CWS is reset to the minimum value if there has been no DL transmission by the eNB for a duration of at least T
· FFS: HARQ-ACK DTX

The selected solution should work well in various deployment scenarios such as with FDD or TDD for PCell, and a various number of component carriers. 

2. CWS adjustment in TDD-FDD CA 

When a FDD PCell is used, HARQ Ack/Nack feedback in  carrier aggregation is relatively straightforward. When a TDD Pcell,  HARQ Ack/Nack feedback in  carrier aggregation is more complicated.
In this paper, we evaluate the performance of the three alternatives for the TDD-FDD CA case.

For TDD-FDD CA, when Pcell is TDD and Scell is FDD, The  HARQ ACK bits are fed back to eNB in two ways.
1. With spatial HARQ-ACK bundling
Spatial HARQ-ACK bundling is used if the total number of HARQ-ACK bits without spatial bundling is larger than 21. For example, suppose Pcell is TDD with UL/DL configuration 1. The ACK/NACK bits of DL subframes 2, 3, and 4 for Scell are fed back by a UL subframe 8 of Pcell. Suppose two codewords are transmitted and the corresponding ACK/NACK bits are {1 1 1} and {1 0 1}. 



Figure 1 Illustration of spatial bundling
The ACK/NACK bits are bundled across two codewords and then {1 0 1} (3 bits) is fed back to eNB.

1. Without spatial HARQ-ACK bundling
In this case, both {1 1 1} and {1 0 1} (6 bits) are fed back to eNB.

Since the HARQ-ACK bits fed back by a UE may be different, the design of CWS adjustment based on HARQ-ACKs need to take TDD-FDD CA into consideration. That is, the behavior of CWS adjustment based on HARQ-ACKs shall be invariant of the spatial HARQ-ACK bundling.


Therefore, we have

Observation 1. The solution of CWS adjustment based on HARQ-ACKs shall be a unified solution irrespective of the spatial HARQ-ACK bundling.


3. Simulation results
In this section, we evaluate the performance of the three alternatives for the two cases listed below.
· Case 1: with spatial HARQ-ACK bundling
· Case 2: without spatial HARQ-ACK bundling

The Simulation assumptions are listed below:
· Two codewords are transmitted.
· trials.
· TXOP is 10 ms.
· The transmission fails when collision happens.
· The target BLER is 0.1.

In the simulation, the situations when a collision happens in LAA-WIFI coexistence are illustrated in Figure 2. In this paper, three examples of different collision probability are evaluated.




[bookmark: _Ref434588046]Figure 2 Collisions in LAA-WIFI coexistence



Example 1. In this example, collision probability is assumed to be 0.3. Figure 3 shows the probability of  doubling CWS as a function of Z. For Alt 1 and Alt 2, the probability of  doubling CWS depends on the number of UEs and spatial HARQ-ACK bundling. For Alt 3, when Z = 50 % is chosen, the probabilities of  doubling CWS for all cases are very close to the collision probability. 
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[bookmark: _Ref434589720]Figure 3 Probability of doubling CWS as a function of Z when the collision probability is 0.3.
Example 2. In this example, collision probability is assumed to be 0.5. Figure 4 shows the probability of  doubling CWS as a function of Z. For Alt 1 and Alt 2, the probability of  doubling CWS depends on the number of UEs and spatial HARQ-ACK bundling. For Alt 3, when Z = 50 % is chosen, the probabilities of  doubling CWS for all cases are very close to the collision probability. 
[image: ] [image: ]
                                          (a)                                                                                 (b)
[image: ]
(c)
[bookmark: _Ref434590660]Figure 4 Probability of doubling CWS as a function of Z when the collision probability is 0.5.

Example 3. In this example, collision probability is assumed to be 0.8. Figure 5 shows the probability of  doubling CWS as a function of Z. For Alt 1 and Alt 2, the probability of  doubling CWS depends on the number of UEs and spatial HARQ-ACK bundling. For Alt 3, when Z = 50 % is chosen, the probabilities of  doubling CWS for all cases are close to the collision probability. 
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[bookmark: _Ref434591462]Figure 5 Probability of doubling CWS as a function of Z when the collision probability is 0.8.
From above examples, we can see Alt 3 is a better solution because it is invariant of the number of UEs and spatial HARQ-ACK bundling. In addition, with an appropriate choice of Z, the the probability of  doubling CWS can be very close to the collision probability.

Observation 2. Alt 3 is a better solution because it is invariant of the number of UEs and spatial HARQ-ACK bundling. In addition, with an appropriate choice of Z, the the probability of  doubling CWS can be very close to the collision probability.


4. [bookmark: _Ref129681832][bookmark: _Toc414341819]Conclusion
From the above discussions, we have
Observation 1. The solution of CWS adjustment based on HARQ-ACKs shall be a unified solution irrespective of the spatial HARQ-ACK bundling.

Observation 2. Alt 3 is a better solution because it is invariant of the number of UEs and spatial HARQ-ACK bundling. In addition, with an appropriate choice of Z, the the probability of  doubling CWS can be very close to the collision probability.
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