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1
Introduction

The discussion on “Study on Licensed-Assisted Access (LAA) Using LTE” was approved to be a new study item in LTE Release-13 at 3GPP TSG RAN #65 [1]. LAA targets the carrier aggregation operation in which one or more low power SCells operate in unlicensed spectrum. Moreover, in the previous meeting (3GPP TSG-RAN WG2 Meeting #89bis), the following DL HARQ operation was proposed in TR 36.889 when UL transmission is not supported in unlicensed spectrum [2].
	The main issue for HARQ operation on an LAA cell is the uncertainty of the cell availability for HARQ re-transmission. The uncertainty may arise due to the LBT operation needed to acquire the channel or because the maximum transmission duration for LAA is exceeded. The Figure 7.2.2.1-1 illustrates an example, in which the maximum transmission duration of an LAA cell has been reached before the 3rd transmission of a HARQ process can be performed.
There may be 2 alternatives to address this issue:

· Alternative 1: to keep HARQ retransmission on the same LAA cell
A HARQ process can be targeted (e.g., by choosing appropriate MCS level) to be completed within the maximum transmission duration an LAA cell can have. A new HARQ process is started when the LAA cell acquires the channel again after an LBT operation. Alternatively, a retransmission can be delayed until the LAA cell acquires the channel again. RLC retransmission may be invoked, if HARQ transmission doesn’t complete successfully. 
· Alternative 2: to move HARQ retransmissions to another cell

The retransmission may also be performed via another cell, for example, the primary cell or another SCell. This will change the current modelling of a HARQ process, as it may be linked to two or more cells.
In terms of the specification impacts and complexity, Alternative 1 is simpler, as it doesn’t incur new specification impact. Hence, from this point of view, it is worth considering continuing the principle of Rel-11 CA, in which downlink HARQ processes are not moved to another carrier.

Editor’s Note: Further analysis on this issue can be provided by RAN1.
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Figure 7.2.2.1 - 1: HARQ issue in LAA cell


This contribution aims to share our opinions on the maximum number of DL HARQ processes and soft buffer partition when DL HARQ retransmission can be moved to another cell. 
2
Discussion
In current LTE systems, DL HARQ retransmission will always be transmitted in the same cell. Each cell has an independent DL HARQ process and the corresponding maximum number of DL HARQ processes if the UE is configured with more than one cell. An example is shown in Figure 1. In Figure 1, the UE receives the initial transmission and each retransmission of DL HARQ process pi on the same cell. If a UE cannot decode the DL HARQ process successfully and the maximum retransmission number of the DL HARQ process is not achieved, the UE can store the soft channel bits in the soft buffer and wait for the retransmission wherein the soft buffer is partitioned for each configured cell.
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Figure 1: Example of keeping DL HARQ retransmission on the same cell
If DL HARQ retransmission can be moved to another cell, there are two cases illustrated in Figure 2 wherein the UE is configured with a FDD licensed cell and a DL-only unlicensed cell. In Figure 2(a), the initial transmission and first retransmission of DL HARQ process pi are transmitted in the DL-only unlicensed cell when the transmission opportunity on the unlicensed cell can be obtained in frame m. And the second retransmission is moved to the licensed cell since the transmission opportunity on the unlicensed cell cannot be obtained in frame m+1. That is, cross-cell HARQ retransmission is supported. In Figure 2(b), the initial transmission and first retransmission of DL HARQ process pi are transmitted in the DL-only unlicensed cell when the transmission opportunity on the unlicensed cell cannot be obtained in frame m. And the second retransmission is moved to the unlicensed cell since the transmission opportunity on the unlicensed cell can be obtained in frame m+1. That is, cross-cell HARQ retransmission is supported.
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Figure 2: Example of moving DL HARQ retransmission to licensed cell.
According to the above discussion, at least two cells can have dependent DL HARQ process if the DL HARQ process can be moved to another cell. Therefore, the maximum number of DL HARQ processes and soft buffer partition should be discussed when moving the DL HARQ process to another cell is supported.
3
Conclusions

In this contribution, DL HARQ operation is discussed when moving DL HARQ retransmission to another cell. Thus, we suggest that the following proposal can be considered: 
Proposal: 

· To discuss the maximum number of DL HARQ processes if DL HARQ retransmission can be moved to another cell.
· To discuss the soft buffer partition if DL HARQ retransmission can be moved to another cell.
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