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1. Introduction

In RAN #65, a new Study Item on “Study on Licensed-Assisted Access using LTE” was approved [1] (revised to RP-141817 in RAN #66 [2]), which aims to evaluate LTE enhancements for a single global solution framework for the licensed-assisted access to unlicensed spectrum. One of the detailed objectives has defined possible scenarios for LTE deployments on unlicensed spectrum, which is as follows:
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Within the Rel-13 Study Item scope, the LAA design on physical layer aspects should focus on the case of unlicensed carriers being aggregated into the licensed carriers. Moreover, in RAN1 #78bis meeting, the basic LAA functionalities were agreed for the LAA system in order to meet the regulatory requirements at least in some regions [3]: 
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Under the LBT restriction, HARQ operation on unlicensed carrier in the LAA system will be different from the HARQ transmission on licensed LTE system. Specifically, the retransmission timing on unlicensed carrier cannot be ensured, since the subframe that pre-defined according to the HARQ timing may not be available since the carrier may be occupied by a nearby transmission point. In this contribution, we present considerations on HARQ retransmission for the LAA system based on CA operation, where the unlicensed carrier is operated as a supplemental downlink Scell.
2. HARQ retransmission for LAA Scell
2.1 On supporting of cross-carrier HARQ transmission 
The introduction of the LBT mechanism (CCA) may have an impact on the HARQ performance of LAA. Sepcifically, the CCA should be firstly performed before the retransmission starts. In the existent CA framework, the HARQ process is defined per component carrier such that the retransmissions can only occur at the same carrier as the initial transmission. However, in the LAA scenarios, the availability of transmission opportunities on unlicensed carrier cannot always be ensured due to LBT mechanism to ensure the coexistence with other unlicensed nodes, e.g., WiFi nodes or LAA nodes. Consequently, large latency will be caused, and the user performance will be degraded. Therefore it’s necessary to take cross-carrier HARQ process into account to allow retransmission happening on other available carriers than the one where the initial transmission occurs [4].
Proposal 1: Cross-carrier HARQ transmission mechanism for unlicensed carriers should be supported, i.e., Scell HARQ retransmission of unlicensed carriers can be scheduled on a PCell or a SCell different from the initial transmission.

2.2 Discussion on cross-carrier HARQ transmission mechanism
Carrier selection was agreed as one of functionalities of an LAA system to meet regulatory requirements and ensure co-existence, since unlicensed carriers is mainly focus on the 5GHz spectrum with a relatively large available bandwidth. Thus, cross-carrier HARQ transmission could be considered to happen at any available carriers, including the Pcell and/or Scell on the licensed band, as well as other Scells on the unlicensed band [5]. The following three alternatives on cross-carrier HARQ transmission for LAA systems can be considered:
· Alternative 1: LAA Scell HARQ retransmission on the Pcell
As shown in Figure 1, when the packet transmission of an LAA Scell1 is failed, an NACK will be feedback through an UL subframe on the licensed Pcell, then HARQ transmission could be scheduled on the licensed Pcell. In this case, CCA on the LAA Scell1 for the initial transmission is necessary, but the additional CCA on the licensed Pcell is not necessary and HARQ operation is reliable according to the pre-defined timing relationship. However, the HARQ retransmission of data on the LAA Scell1 will make the load of licensed Pcell high.
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                   Figure 1.  LAA Scell HARQ retransmission on the Pcell
· Alternative 2: LAA Scell HARQ retransmission on other Scells
As shown in Figure 2, when the packet transmission of an LAA Scell1 is failed, an NACK will be feedback through an UL subframe on the licensed Pcell, then HARQ transmission could be scheduled on another unlicensed Scell2, which is possibly idle at the time. Similar cross-carrier HARQ process would happen if the channel of LAA Scell2 is not available and the HARQ retransmission on the LAA Scell2 is failed again. In this case, CCA is still needed on all of the scheduled LAA Scells, and thus the HARQ operation is not assured to be reliable. However, retransmission latency of an unlicensed Scell might be acceptable when the loads of systems operating on unlicensed band is low. 
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Figure 2.  LAA Scell HARQ retransmission on other Scells
· Alternative 3: LAA Scell HARQ retransmission on other Scells and Pcell
As shown in Figure 3, when the packet transmission of an LAA Scell1 is failed, an NACK will be feedback through an UL subframe on the licensed Pcell, then HARQ transmission could be scheduled on another unlicensed Scell2. If the channel of LAA Scell2 is not available, or the number of retransmission on the unlicensed Scells reaches to a pre-defined value without successful, a cross-carrier HARQ process that scheduling the HARQ retransmission on the licensed Pcell would happen,. Although the CCA is still needed on all of scheduled LAA Scells in this scheme, the average HARQ retransmission latency could be controlled with the assistance of the licensed Pcell. By adjusting the maximum number of HARQ retransmission on unlicensed carrier and with the assistance of Pcell on licensed carrier, trade-off between alterlative1 and alterlative2 can be achieved.
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Figure 3.  LAA Scell HARQ retransmission on other Scells and Pcell
Table 1 summarises the comparison of above three alternatives of cross-carrier HARQ mechanism, including their principles, pros vs. cons, impacts on eNBs and UEs, as well as possible HARQ impacts.
Table 1 Comparison of above three alternatives of cross-carrier HARQ mechanism for DL only LAA 
	
	Alternative 1
	Alternative 2
	Alternative 3

	Principles
	HARQ retransmission on the Pcell
	HARQ retransmission on other unlicensed Scells
	HARQ retransmission on other Scells and Pcell

	Pros
	- Additional CCA is not necessary
- HARQ operation is reliable
- With the lower retransmission latency
	- No additional load on the licensed carrier
- Retransmission latency might be acceptable at the low load case
	- HARQ operation is reliable

- Retransmission latency could be controlled with the assistance of the licensed Pcell

	Cons
	- the load of the licensed Pcell is relatively high
	- CCA is still needed on all of the scheduled LAA Scells
- HARQ operation is not reliable
- Retransmission latency might still be large at the high load case
	- CCA is still needed on all of the scheduled LAA Scells
 - Maybe additional load for the licensed Pcell 

	eNB impacts
	- Supporting cross-carrier scheduling 
- DL control enhancement on HARQ indication needed
	- Supporting cross-carrier scheduling 
- LBT needed at the eNB for the HARQ retransmission 

- DL control enhancement on HARQ indication needed
	- Supporting cross-carrier scheduling
- LBT needed at the eNB for the HARQ retransmission 

- DL control enhancement on HARQ indication needed

	UE impacts
	- UE shall monitor the Scell for the initial transmission and always monitor Pcell for retransmission 

	- UE shall  monitor the Scell for initial transmission and always monitor other Scells for retransmission 

	- UE shall  monitor the Scell for initial transmission and then monitor other Scells for retransmission 
- After the maximum time of retransmission failure, UE shall monitor the Pcell for retransmission

	HARQ impacts
	- HARQ timing change if it’s necessary 
- DL control indication on HARQ process number 


	- HARQ timing change if it’s necessary
- DL control indication on HARQ carriers

- DL control indication on HARQ process number 
	- HARQ timing change if it’s necessary
- DL control indication on HARQ carriers

- DL control indication on HARQ process number 


Proposal 2：Three alternatives of cross-carrier HARQ mechanisms for unlicensed carriers can be considered:
· Alternative 1: LAA Scell HARQ retransmission on the Pcell

· Alternative 2: LAA Scell HARQ retransmission on other Scells

· Alternative 3: LAA Scell HARQ retransmission on other Scells and Pcell
Proposal 3: Specification impacts of cross-carrier HARQ mechanisms need to be further studied, e.g., the DL control indication on HARQ carrier and HARQ process number,the enhancement of HARQ timing, etc.

3. Conclusions 

In this contribution, we present some considerations on HARQ retransmission for the LAA system based on the case of CA operation, where the unlicensed carrier is operated as an Scell without uplink. The cross-carrier retransmission mechanism is considered as a necessary requirement for the LAA HARQ operation, and it is proposed that:

Proposal 1: Cross-carrier HARQ mechanism for unlicensed carriers should be supported, e.g. Scell HARQ retransmission of unlicensed carriers can be scheduled on a PCell or a SCell different from the initial transmission.

Proposal 2：Three alternatives of cross-carrier HARQ mechanisms for unlicensed carriers can be considered:

· Alternative 1: LAA Scell HARQ retransmission on the Pcell

· Alternative 2: LAA Scell HARQ retransmission on other Scells

· Alternative 3: LAA Scell HARQ retransmission on other Scells and Pcell
Proposal 3: Specification impacts of cross-carrier HARQ mechanisms need to be further studied, e.g., the DL control indication on HARQ carrier and HARQ process number,the enhancement of HARQ timing, etc.
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Focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]





Agreements:


Target a single global framework for LAA


List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 


Listen-before-talk (Clear channel assessment)


Discontinuous transmission on a carrier with limited maximum transmission duration


Dynamic frequency selection for radar avoidance in certain bands/regions


Carrier selection


TPC
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