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1 Introduction
RAN1 has discussed whether or not to introducing moving of DL HARQ processes between carriers. We do such an analysis in this document.
2 Analysis of moving of HARQ processes
With existing DL HARQ scheme a TB is allocated in the eNB to a DL HARQ buffer and the eNB will transmit from this buffer a number of times until the UE has ACKed the data or the eNB considers the DL transmission as failed and a RLC retransmission will be executed (note that the eNB may do this at any point in time, e.g. after the initial transmission). To move a HARQ process from one cell to another would mean that the eNB would instead of doing a retransmission on the cell where the initial transmission was sent, send the retransmission on another cell, e.g. move the HARQ process from an LAA cell to a cell in licensed bands. This has impact on current specifications and below we will compare moving of HARQ processes between cells and using RLC retransmissions in terms of performance and the complexity.
2.1 Performance analysis

With a BLER of 10 % the initial transmission will fail 10 % of the time. If the initial transmission is successful there will be no gain of moving HARQ processes, i.e. in 90 % of the cases there is no gain of moving DL HARQ processes.
Observation 1 There is no gain of moving DL HARQ processes when the initial transmission succeeds (which happens 90 % of the cases with HARQ operating point of 10%) 

If the initial transmission is not successful there may be some gain of moving the HARQ process compared to not moving the HARQ processes (and instead rely on RLC retransmissions). We look in to this case below.
RLC retransmission used:
If the initial transmission failed and moving of HARQ process moving is not supported, the eNB may perform an RLC retransmission on another carrier (e.g. a licensed carrier) and the probability that this second transmission fails is, again, 10 %. So the probability that the UE has successfully received the transmission after the second attempt (by using an RLC retransmission) would be 1 - 0.1*0.1 = 99 %.

Observation 2 If the eNB triggers an RLC retransmission after a failed initial transmission the probability that the UE has successfully decoded the transmission after the second attempt is 99 % (with HARQ operating point of 10%).

DL HARQ process moving used:

If the initial transmission failed and moving of the DL HARQ processes is supported, the eNB may indicate to the UE that the DL HARQ buffer should move to another cell (e.g. from the LAA carrier to a licensed carrier). The probability that the second transmission fails is lower than 10 % thanks to that it is soft-combined with the initial transmission. So the probability that the UE has successfully received the transmission after the second attempt (by moving DL HARQ buffers) would be 1 – 0.1*(0.1-X) where X is the gain due to soft-combining, i.e. this is higher than 99 %.
Observation 3 If the eNB triggers a move of a DL HARQ process after a failed initial transmission the probability that the UE has successfully decoded the transmission after the second attempt is higher than 99 % (with HARQ operating point of 10%).

So the gain in terms of success-rate is the difference between the success-rates for the RLC retransmission approach and the DL HARQ process moving approach, i.e. the gain is 0 – 1 %, depending on the soft-combining gain.

Observation 4 The gain in terms of success-rate for moving DL HARQ processes between carriers would be between 0 and 1 % depending on the gain due to soft-combining.

Of course, performing a transmission on an LAA-carrier will imply that there is some random delay for how long the transmission will take. Therefore by moving the transmission from an LAA-carrier to an unlicensed carrier would ensure that there will be no unexpected delay. However, if the moving from the LAA-carrier to the licensed carrier is done by moving the HARQ process or by triggering an RLC retransmission does not make a difference. So there is no gain in terms of delay by moving HARQ processes compared to triggering an RLC retransmission.
Observation 5 There is no gain in terms of delay of moving DL HARQ processes compared to triggering an RLC retransmission.

2.2 Complexity analysis

To support moving of DL HARQ processes the eNB would need to indicate to the UE in a DL assignment not only which DL HARQ process is used for the transmission but also which carrier the HARQ buffer is associated with.
Observation 6 Moving of HARQ processes requires a new message/indicator which indicates which HARQ buffer should be moved from which carrier to which carrier.
If the target cell (i.e. the cell which a HARQ process is moved to) already has a HARQ process with the same HARQ process number as the source cell (i.e. the cell which the HARQ process is moved from) then some collision handling of HARQ processes is needed.

Observation 7 If a HARQ process is moved from one cell to another there may be collisions between HARQ process numbers and some collision handling of this is needed.

The grant sent on the cell which the HARQ process is moved to needs to be large enough to fit the TB in the moved HARQ buffer. This implies scheduling complexity for the eNB as the TB size cannot be set freely for the scheduler (or sub scheduler) of the licensed carrier.
Observation 8 Moving of HARQ processes increases scheduling complexity and limits selectable MCS as the size of the TB on the licensed carrier must match the size of the TB sent on the LAA-carrier.

3 Conclusion

We have in this contribution discussed the performance and complexity of moving DL HARQ processes between carriers we have reached the following observations:
Observation 1
There is no gain of moving DL HARQ processes when the initial transmission succeeds (which happens 90 % of the cases with HARQ operating point of 10%)
Observation 2
If the eNB triggers an RLC retransmission after a failed initial transmission the probability that the UE has successfully decoded the transmission after the second attempt is 99 % (with HARQ operating point of 10%).
Observation 3
If the eNB triggers a move of a DL HARQ process after a failed initial transmission the probability that the UE has successfully decoded the transmission after the second attempt is higher than 99 % (with HARQ operating point of 10%).
Observation 4
The gain in terms of success-rate for moving DL HARQ processes between carriers would be between 0 and 1 % depending on the gain due to soft-combining.
Observation 5
There is no gain in terms of delay of moving DL HARQ processes compared to triggering an RLC retransmission.
Observation 6
Moving of HARQ processes requires a new message/indicator which indicates which HARQ buffer should be moved from which carrier to which carrier.
Observation 7
If a HARQ process is moved from one cell to another there may be collisions between HARQ process numbers and some collision handling of this is needed.
Observation 8
Moving of HARQ processes increases scheduling complexity and limits selectable MCS as the size of the TB on the licensed carrier must match the size of the TB sent on the LAA-carrier.

Based on the observations above we propose:

Proposal 1 Moving of DL HARQ processes between cells is not supported.

Further to capture this in the TR we have a text proposal in the annex.

Proposal 2 The text proposal in the annex should be included in the TR for LAA.

4 Annex - Text proposal
Beginning of changes

With the existing DL HARQ scheme a TB is allocated in the eNB to a DL HARQ buffer and the eNB will transmit from this buffer a number of times until the UE has ACKed the data or until the eNB considers the DL transmission as failed in which case an RLC retransmission will be executed.

If the eNB is sending data to the UE in DL over an LAA-cell, the eNB needs to drop transmissions in case the channel is considered busy as indicated by the LBT procedure, the eNB may then prefer to send subsequent transmissions of the data on a cell in licensed bands instead of continuing on the LAA-cell. This can be because continuing on the LAA-cell may imply additional delays for transmitting the data. Two ways have been considered for how the eNB can send subsequent transmissions of the data on an alternative cell:

1. eNB initiates a move of DL HARQ processes from the cell on which the initial transmission was performed to an alternative cell, and

2. eNB sends the data sent in the initial transmission on an alternative cell by triggering an RLC retransmission.

According to current specifications, the first alternative is not supported, while the second alternative is supported. Below, these two alternatives will be compared from a performance perspective and the complexity of introducing the first alternative will by analyzed.

4.1 Performance analysis

In the following, an HARQ operating block error rate (BLER) target of 10% is assumed. If the initial transmission of certain data is successful, there will be no gain in moving HARQ processes compared to performing an RLC retransmission as there will be no further transmission of this data.

If the initial transmission failed and moving of HARQ processes is not supported, the eNB may perform an RLC retransmission on a different cell compared to the cell on which the initial transmission was performed on. For example, if the eNB initially was sending certain data on an LAA-SCell the eNB may perform an RLC retransmission to resend this data on a cell in licensed bands instead. The probability that this second transmission fails is, again, 10 %. This means that the probability that the UE has successfully received the data after the second transmission is 1 - 0.1*0.1 = 99 %.

If the initial transmission failed and moving of the DL HARQ processes is supported, the eNB may indicate to the UE that the DL HARQ process (including its HARQ buffer) used for the initial transmission should be moved to another cell. For example, if the eNB initially was sending certain data on an LAA-SCell, the HARQ buffer used for this transmission can be moved to a cell on licensed bands and the retransmission can then be done on that cell in licensed bands. As the HARQ buffer has been moved, the second transmission can be soft-combined with the initial transmission. The probability that this second transmission fails is lower than 10 % since it is soft-combined with the bits in the HARQ buffer from the initial transmission. This means that the probability that the UE has successfully received the transmission after the second transmission would be 1 – 0.1*(0.1-X) where X is the gain due to soft-combining, and this probability is higher 99 %.

The gain of introducing DL HARQ process moving compared to doing RLC retransmission in terms of success-rate is the difference between the success-rates, i.e. the gain is 0 – 1 %, depending on the soft-combining gain.

Performing a transmission on an LAA-carrier will imply that there is some random delay for how long the transmission will take. Therefore by moving the transmission from an LAA-carrier to an unlicensed carrier would ensure that there will be no unexpected delay. However, whether the moving from the LAA-carrier to the licensed carrier is done by moving the HARQ process or by triggering an RLC retransmission there is no difference in terms of delay. So there is no gain in terms of delay by moving HARQ processes compared to triggering an RLC retransmission.

4.2 Complexity analysis

To support moving of DL HARQ processes between cells, the eNB would need to indicate to the UE in a DL assignment not only which DL HARQ process is used for the transmission but also which carrier that particular HARQ process is associated with.

Also, if the target cell (i.e. the cell which a HARQ process is moved to) already has a HARQ process with the same HARQ process number as the source cell (i.e. the cell which the HARQ process is moved from) then some collision handling of HARQ processes is needed.

The grant sent on the cell which the HARQ process is moved to needs to be large enough to fit the TB in the moved HARQ buffer. This implies additional scheduling complexity for the eNB as the TB size cannot be set freely for the scheduler.

4.3 Summary

Moving transmissions between carriers by moving DL HARQ processes gives between 0 to 1 % higher probability that a retransmission succeeds. Aside from this, there is no additional gain of moving DL HARQ processes between carriers. It is therefore suggested that DL HARQ processes should not moved between carriers.
End of changes
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