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1
Introduction
RAN#70 a WI on enhanced LAA focusing on introduction of LAA UL CA operation has been approved in [1], where one of the approved objectives reads as:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
In this contribution we focus on UL HARQ protocol / operation in order to support LAA PUSCH in Rel. 14. 
2
Baseline LAA UL HARQ operation
During the LAA SI phase during 1H/2015, there has been plenty of discussion on LAA UL HARQ operation. UL HARQ operation will have slightly different constraints compared to UL HARQ operation in LTE licensed bands due to the required UL LBT for PUSCH transmission (i.e. a scheduled PUSCH transmission cannot be guaranteed to take place subject to LBT).

During the RAN1 LAA-adHoc in March 2015, RAN1 recommended to support asynchronous UL HARQ for LAA UL operation. RAN2 in their studies came to a similar conclusion that moving away from synchronous, non-adaptive UL HARQ operation will have some benefits. These discussions resulted this in capturing the following in the TR [2] as ‘Asynchronous HARQ is recommended for LAA UL’. 

Asynchronous HARQ operation means that each PUSCH transmission (covering both new transmissions and retransmissions) is to be scheduled by an UL grant and non-adaptive UL HARQ retransmissions based on PHICH is not supported. As also noted in the LAA TR [2], there is a need to convey information on the UL HARQ process ID as well as the Redundancy Version in the related UL grant. This is based on RAN1 agreements from RAN1#80bis [3]. 
As the potential introduction of asynchronous UL HARQ operation for LAA will have impact to the required LAA UL grant enhancements as well as the subframe arrangement, we think that RAN1 should in a rather early phase decide on the UL HARQ operation for LAA. 

We therefore would like to confirm these LAA SI agreements here by proposing: 
Proposal #1: Confirm the UL HARQ agreements from the LAA SI phase, which read as:

· LAA UL is based on asynchronous UL HARQ operation.
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used
· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields
· HARQ process number
· Redundancy version
3
On the number of LAA UL HARQ processes

LTE TDD (i.e. FS2) is based on specified UL/DL configurations with a maximum UL allocation length of 3 subframes plus the UpPTS part of the special subframe in TDD UL/DL Configuration #0. Given this fixed relation and keeping the LTE UL HARQ protocol timing (i.e. >=n+4) in mind, this leads to a maximum number of 7 UL HARQ processes a UE needs to support. 
Looking now at UL operation of LTE FS3, LAA might not be limited to such legacy UL-DL configurations any longer. The discussions in the LAA SI phase clearly indicated that a very flexible and ‘rather’ dynamic UL/DL partitioning of the LAA resources in the time domain is envisioned. This includes longer UL TxOPs than what is currently supported by the existing TDD FS2 UL/DL configurations, which is limited to <4ms (3 UL + UpPTS).

The LAA WID in [1] clearly indicates, that self-scheduling of LAA UL operation is to be supported which means that also self-scheduling for some very UL heavy usage of the unlicensed carrier is to be supported. As a consequence, it will be required to support a larger number of UL HARQ processes in case the max. UE and eNB processing requirements are not to be changed. To consider this further, let’s first look at the UE and eNB processing requirements that need to be the starting point for related investigations. 

For Rel. 13 LTE, the timing relation between UL grant reception and UL transmission defining the allowed UE processing time is given by n+4 for FDD, or >=n+4 for LTE FS2, and the allowed processing at eNB side for PUSCH reception in SF#k is given by Ack/Nack / PHICH transmission in SF k+4 for FDD and SF >=k+4 for LTE FS2. Both of these allowed processing times will have a direct impact on the number of needed UL HARQ processes for LAA considering rather UL heavy flexible resource partitioning. We do not see a motivation to change these max. processing times from licensed band LTE operation, so we propose that they should be confirmed. 
Proposal #2: Assume the max. allowed UE and eNB processing times (i.e. n+4) of Rel. 8 LTE to be applicable also for LAA UL HARQ operation for the purpose of UL HARQ process related investigations.  
Looking now at the self-scheduling for flexible UL/DL operation, the baseline question that needs to be answered is how many UL subframes (in a single or multiple consecutive UL TxOPs) should be schedulable from a single DL transmission burst (carrying the UL grant(s)). Clearly more flexibility compared to UL/DL config #0 will be needed here. Therefore, more than the 7 UL HARQ processes of LTE TDD and the 8 UL HARQ processes of FDD will be required. 
Observation: A larger number of UL HARQ processes compared to LTE FS1 and FS2 will be needed in order to enable more flexible UL/DL resource partitioning for LAA compared to the current LTE FS2 UL/DL configurations. 

Looking at a possible example usage of a regular 2DL:8UL usage pattern for LAA, this will lead to 12 required UL HARQ process, while 15 UL HARQ processes will be needed for the rather extreme case of 1DL:9UL. The first example of 2DL:8UL could correspond e.g. to a single full DL subframe and a shortened ending PDSCH subframe (in order to provide some LBT gap if needed for UL LBT) followed by 8 UL subframes and for 1DL:9UL there can be one full DL subframe followed by 9 UL subframes. We are aware that there is no fixed frame structure available in LAA, but we still think that regular DL subframes for at least eDRS transmission etc. will be required also in case of UL heavy traffic. Therefore there seems to be no real need to support on average less than one 1DL subframe per 10ms. Therefore, we think that not much more than 15 UL HARQ processes would need to be supported. 
The number of UL HARQ processes that a UE needs to supported has the following implications:

1. Required UE TX HARQ buffer (i.e. storing the data in the transmitter - this is partially UE implementation specific)

2. Number of needed bits in the HARQ process ID signalling for asynchronous UL HARQ in the UL grant design
Keeping in mind that already 4 bit DL HARQ ID signalling is supported for LTE FS2, we suggest to use the same signalling space (i.e. 4bit HARQ process ID) for the UL grant design for LAA. The detailed maximum number of HARQ processes is of course up to discussion (depending on the envisioned flexibility), but we suggest to utilize the full related HARQ ID signalling space of 16 UL HARQ processes in order to retain as much flexibility in LAA UL operation as possible.  
Proposal #3: For UL grant design, use a signalling space of 4bit for UL HARQ process ID as used for DL HARQ operation for LTE FS2. 

Proposal #4: Define the maximum number of UL HARQ processes for LAA to be 16 to enable as much UL scheduling flexibility as possible taking the HARQ ID limitations of 4bit into account. 
4
Conclusion
In this contribution we discuss UL HARQ operation, where some conclusions are already available from the LAA SI phase. 

Based on the review of the conclusions/agreements and discussions in this document, we make the following observations and proposals in order to fully specify the UL HARQ operation for LAA:
· Proposal #1: Confirm the UL HARQ agreements from the LAA SI phase, which read as:

· LAA UL is based on asynchronous UL HARQ operation.
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used
· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields
· HARQ process number
· Redundancy version
· Proposal #2: Assume the max. allowed UE and eNB processing times (i.e. n+4) of Rel. 8 LTE to be applicable also for LAA UL HARQ operation for the purpose of UL HARQ process related investigations.  

· Observation: A larger number of UL HARQ processes compared to LTE FS1 and FS2 will be needed in order to enable more flexible UL/DL resource partitioning for LAA compared to the current LTE FS2 UL/DL configurations. 

· Proposal #3: For UL grant design, use a signalling space of 4bit for UL HARQ process ID as used for DL HARQ operation for LTE FS2. 

· Proposal #4: Define the maximum number of UL HARQ processes for LAA to be 16 to enable as much UL scheduling flexibility as possible taking the HARQ ID limitations of 4bit into account. 
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