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1 Introduction
RAN1 agreed that they recommend that asynchronous HARQ is supported for LAA:

	HARQ
Agreements:
· Recommend to support asynchronous UL HARQ for UL LAA operation

· Capture the above agreement in TR – Rapporteur (Ericsson and Huawei)


In this contribution we look in to how asynchronous UL HARQ would impact the specifications, especially focusing on MAC operation.
2 HARQ overview

In uplink the HARQ timing is synchronous meaning that the timing between the UL transmissions and the HARQ feedback in downlink as well as the timing between the HARQ feedback and retransmissions is fixed and in FDD it is fixed to be 4 ms which leads to an 8 ms HARQ round trip time (RTT).

When the UE receives a PDCCH with an UL grant for new transmission (e.g. with NDI = 1 and RVI = 0) the UE will perform the PUSCH transmission 4 ms later. If the data was not correctly decoded by the network, the network will respond with a NACK in case the network want the UE to perform the retransmission with another redundancy version, or sending another PDCCH grant for adaptive retransmission, and the UE will perform a retransmission 4 ms later. If the data was correctly decoded after the retransmission the network will respond with an ACK and may send a PDCCH with an UL grant with toggled NDI to trigger the UE to send the next data.
In contrast, in DL the HARQ is asynchronous. In the physical layer, a DL assignment is indicated that includes the HARQ process ID that is used for the transmission. The only fixed timing relation is between the DL reception and the corresponding feedback on PUCCH (4 ms). Otherwise, neither retransmission timing nor HARQ RTT is specified. In addition, the number of HARQ processes follows from the HARQ timing and is not explicitly stated in 36.321.
2.1 Impact of asynchronous UL HARQ

2.1.1 HARQ process mapping
Currently the MAC layer will receive an UL grant from the physical layer and which UL HARQ process the UE uses when transmitting is dependent on which HARQ process is mapped to this TTI. The TTI to HARQ process mapping is defined very loose today as it assumes a fixed mapping between TTIs and HARQ processes:
	For each TTI, the HARQ entity shall:

-
identify the HARQ process(es) associated with this TTI, and for each identified HARQ process:

[…]


So the UE will in each TTI identify which HARQ process is associated with this TTI. Each TTI has one or two (depending on whether spatial multiplexing is used) HARQ processes associated to it and for the identified HARQ processes the UE will perform a transmission/retransmission. Association of the HARQ processes and TTIs follows from the timing relation: If there has been an initial transmission in a certain subframe for certain HARQ process, then 8 ms later (in FDD), this same HARQ process is considered for retransmission. Actual HARQ process ID is not specified and the UE is free to use any numeration. This modelling need to be changed as there is no longer a fixed mapping between HARQ processes and TTIs.
Observation 1 Asynchronous UL HARQ requires that the mapping between HARQ processes and TTIs is changed.
In downlink, which is already asynchronous, the mapping is not fixed and the eNB indicates in the DL assignment which HARQ process is addressed:

	-
If a downlink assignment has been indicated for this TTI:

-
allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.


To enable asynchronous HARQ the eNB needs to know which HARQ process the UE is using when performing a transmission to know which soft-buffer the received transmission should be combined with. So therefore the eNB needs to indicate which HARQ process a grant is for so that the UE uses the correct HARQ process when performing a transmission or retransmission.

Proposal 1 Asynchronous UL HARQ requires that the eNB indicates in which HARQ process an UL grant (initial grant and retransmission grant) is valid for.

2.2 HARQ feedback

In current specifications, the UE receives HARQ feedback from the eNB on PHICH. PHICH received in TTI n relates to the transmission in TTI n-4. If the UE receives NACK on PHICH (but not receive PDCCH grant), non-adaptive retransmissions is triggered automatically. For the LAA SCells, access to the channel for such fixed timing cannot be guaranteed due to listen-before-talk and maximum channel occupancy requirements. Moreover, because of the limited output power restriction, LAA SCells are expected to have small coverage and limited number of connected UEs. The main issue with LAA SCell operation is getting access to the channel and control capacity is not expected to be a limiting factor, particularly with EPDCCH. Therefore, with the UL asynchronous HARQ protocol, only non-adaptive retransmission should be supported via PDCCH or EPDCCH. The process number is indicated in the HARQ process number field in the retransmission grant per Proposal 1. 
Proposal 2 With the UL asynchronous HARQ protocol, only adaptive retransmission is supported via PDCCH or EPDCCH. 

2.3 Number of HARQ processes
In 36.213 it is defined how many HARQ processes the UE shall support in DL. For FDD the UE maintains 8 or 16 (depending on whether spatial multiplexing is used) and for TDD the number of HARQ processes is depending on the TDD configuration. 
For UL, the number of HARQ processes is not explicitly specified. Instead, the supported number follows from the HARQ timing. If asynchronous UL HARQ is used, the number of HARQ processes may need to be specified. RAN1 should study and define the bit width for the new UL HARQ process number field in the UL grant. The exact number of UL HARQ processes in the eNB may be left to implementation.
Observation 2 With asynchronous UL HARQ the number of supported HARQ processes may need to be specified
2.4 Flushing UL buffer and CURRENT_TX_NB
Currently the UE is maintaining a counter which is increased every time the UE performs a HARQ transmission. When this counter is exceeding a configured value the UE will flush the HARQ buffer. In addition, the UE stops non-adaptive retransmissions when flushing UL buffer. Currently the UE will increase the counter every HARQ RTT so this basically translates in to that the UE has a fixed time until it flushes the HARQ buffer.

With asynchronous UL HARQ there will no longer be a fixed HARQ RTT and hence the UE will not increase the counter at a regular interval. Therefore this counter may not be a suitable mechanism to flush the HARQ buffer. However, it can be assumed that it is beneficial to flush HRQ buffer at some point of time. In addition, some other features like DRX and NDI handling depends on the buffer status.
Note that, since only adaptive retransmission is supported, there is no longer an association between CURRENT_TX_NB and the retransmission redundancy version.

Observation 3 The CURRENT_TX_NB counter needs to be replaced with timer based approach in asynchronous HARQ.
2.5 DRX

When DRX is used the UE will stay active depending on when the UE can expect an UL retransmission grant. See the below text from MAC.
	When a DRX cycle is configured, the Active Time includes the time while: 

[…]
-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or


With synchronous UL HARQ it is well defined when the UE can expect to receive UL grants as the HARQ process is following a fixed pattern. It should be noted that the UE monitors PDCCH once in every HARQ RTT even if the UE has received ACK in PHICH. With asynchronous UL HARQ the UE can no longer know when to expect grants as the eNB may send then at any point in time. In addition, if HARQ buffer is not flushed, the UE would never stop monitoring PDCCH according to current mechanism.
Observation 4 Asynchronous UL HARQ requires that the DRX mechanism is changed.
2.6 NDI handling
Current NDI handling and triggering of retransmission depends on if the UE has data in the UL buffer or not. Thus NDI handling depends also on how and when the UL buffer is flushed.

Current mechanism is following: If the UE receives a grant and NDI has been toggled or the UL buffer is empty, the UE triggers new transmission. Otherwise the UE triggers retransmission.

So also NDI and new data transmission handling it is important to consider when the UL HARQ buffer should be flushed.

Observation 5 Flushing of UL HARQ buffer impacts triggering of a new transmission 
3 Conclusion

Based on the discussion in section 2 have made the following observations and proposals:
Observation 1
Asynchronous UL HARQ requires that the mapping between HARQ processes and TTIs is changed.
Observation 2
With asynchronous UL HARQ the number of supported HARQ processes may need to be specified
Observation 3
The CURRENT_TX_NB counter needs to be replaced with timer based approach in asynchronous HARQ.
Observation 4
Asynchronous UL HARQ requires that the DRX mechanism is changed.
Observation 5
Flushing of UL HARQ buffer impacts triggering of a new transmission


Proposal 1
Asynchronous UL HARQ requires that the eNB indicates in which HARQ process an UL grant (initial grant and retransmission grant) is valid for.
Proposal 2
With the UL asynchronous HARQ protocol, only adaptive retransmission is supported via PDCCH or EPDCCH.
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