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1. Introduction
HARQ for carrier aggregation and dual connectivity assumes that retransmissions are done on the same carrier as previous transmissions. Several companies have proposed in RAN1 to allow HARQ retransmissions on another component carrier when LAA is used [1], [2], [3], [4], since listen-before-talk (LBT) requirements may cause retransmissions to be delayed an unreasonable amount of time and since interference on the unlicensed carrier can be unpredictable, resulting in a higher number of HARQ transmission errors.
However when RAN2 discussed the issue [5] it was agreed not to implement this due to high complexity of moving a HARQ process across carriers. The following agreement was made in RAN2 [6]:

	Based on the additional complexity, RAN2 suggests that Downlink HARQ processes are not moved to another carrier. Using e.g. RLC retransmissions would be simpler from RAN2 point of view (no specification impact).


In [7], which was agreed by email by RAN1 and expected to be approved and sent formally during this week, RAN1 will request further complexity and performance analysis from RAN2. 

In this contribution we look at the potential performance improvement from a HARQ-ARQ interaction point of view as well as the alternative of using RLC retransmission, in both downlink and uplink cases.

2. Discussion
Previous analysis during Rel-8 standardisation, for example in [6], showed that when RLC parameters are set correctly, then even for a significant degradation of HARQ performance in terms of residual HARQ error has only a very small impact on the TCP throughput performance. Referring to figure 2 in [6] this shows that the difference in TCP throughput between a residual HARQ error of 0.01% compared to 1% is only around 1% and this can be further reduced by increasing the frequency of RLC STATUS polling. Assuming that the HARQ performance degradation due to transmission on unlicensed carriers is anyway partly avoided by using enhanced measurements and/or e.g. fast carrier selection mechanism as proposed in several contributions including [8] and that the opportunity exists to retransmit RLC PDUs on the PCell, recovering residual errors then we understand that any improvements provided by allowing HARQ retransmission on another carrier is negligible. 
As RAN2 have previously observed, using RLC retransmissions is a far simpler option – in particular for the downlink case this may mean minimal or no specification impact, since the eNB scheduler implementation can deal with sending retransmissions + may even be able to schedule retransmissions on another carrier (e.g. sending all RLC retransmissions on the PCell on licensed carrier) to avoid unpredictable interference on the LAA SCell which can result in a higher number of HARQ transmission failures and/or not being able to schedule due to LBT.
Proposal 1: Confirm RAN2 agreement that RLC retransmission should be used rather than cross carrier HARQ retransmission for downlink LAA case given that the improvement to TCP throughput is in the order of <1% at best.
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Figure 1: Overview of cross carrier RLC retransmission for uplink LAA.

Figure 1 shows an overview of “cross-carrier” RLC re-transmission for the uplink. Some updates to RLC/MAC interface in the UE would be needed in order to support RLC retransmissions on another carrier – at least to indicate to the MAC entity that the RLC is re-transmitting a PDU - something similar would be needed in the eNB for downlink but we assume this detail need not be standardised and left to eNB scheduler implementation. In order for the eNB to schedule the UL transmission on another carrier we would potentially need to include new information in the status report (SR) or buffer status report (BSR). 

For example when LAA is configured, the RLC would need to indicate to MAC entity that the PDU(s) are RLC retransmissions, the BSR or SR would include an indication that the data includes RLC retransmissions, and the eNB could then schedule on the PCell. An alternative would be to ensure that the eNB always schedules sufficient resources on the PCell, and the UE prioritises RLC retransmissions in those resources e.g. by indicating resources available per carrier to the RLC layer or by ensuring that the MAC entity includes what the RLC has indicated is a retransmission on the PCell.
Proposal 2: Investigate options for scheduling RLC retransmissions on another carrier (e.g. PCell) in uplink LAA case.

In the case of LBT detecting interference preventing HARQ transmission, additional action may need to be taken, such as informing the RLC layer of HARQ transmission failure. This functionality was however removed from Rel-8 due to complexity, hence a simpler solution would be preferable. One option to consider would be to consider a HARQ transmission that has not been possible due to LBT as a failure (HARQ NACK). This would mean that the maximum retransmission threshold would be met within the same timescales as today, and the ARQ mechanism in RLC would pick up any residual HARQ error caused by failed transmission (due to a real NACK or due to interpreting LBT/back off as a NACK). 
Proposal 3: HARQ retransmission counter should be incremented (interpreted as NACK) when the transmission is not possible due to LBT in order that residual errors can be corrected by RLC ARQ with a similar performance as Rel-8 HARQ/ARQ.
3. Conclusion 
In this contribution we have made some initial analysis of what would be needed to perform RLC retransmissions on another carrier from the initial transmission attempt, in both downlink and uplink cases, and have the following proposals:

Proposal 1: Confirm RAN2 agreement that RLC retransmission should be used rather than cross carrier HARQ retransmission for downlink LAA case given that the improvement to TCP throughput is in the order of <1% at best.

Proposal 2: Investigate options for scheduling RLC retransmissions on another carrier (e.g. PCell) in UL LAA case.

Proposal 3: HARQ retransmission counter should be incremented (interpreted as NACK) when the transmission is not possible due to LBT in order that residual errors can be corrected by RLC ARQ with a similar performance as Rel-8 HARQ/ARQ.
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