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1
Introduction
At the end of the EUL SI phase in RAN1, it was seen that HARQ provides significant gains in uplink capacity [1]. Since no clear requirements were needed, RAN1 simulations were conducted with different designs and assumptions. 

In this document, we address some of the relevant questions on HARQ.
2
Error Requirements and Operation in SHO
For HSDPA, the following nominal error requirements were chosen:
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We could adopt the same error requirements for EUL. However, unlike HSDPA, E-DCH might be allowed to operate in SHO. Further, when in SHO, there could be multiple scheduling cells for a UE. 

In sections 2.1, 2.2 and 2.3 we keep the error requirements analysis generic enough and consider all possible designs.

2.1
Serving Cell for UE in Non-SHO mode
When a UE has a single cell in its active set, this cell is the scheduling entity and the entity that sends ACK/NAK. The serving cell knows whether it scheduled a UE or not, and therefore, can send NAK if E-DCH is not received correctly (fails CRC).

From this perspective, there is no reason for the UE to distinguish between NAK and DTX. The error requirements become:
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2.2
Serving Cell for UE in SHO mode
If a UE in SHO is scheduled by multiple cells in its active set, it needs to perform an “OR of DOWNS” on the scheduling grants, i.e., transmit E-DCH with the minimum allowed grant from all the scheduling cells. Otherwise, the RoT constraint in some cells will be violated.
With this design, it is possible that a serving cell sends a scheduling grant, but the UE does not transmit E-DCH since one of the other serving cells did not send a grant. In such situations, the serving cell could send a NAK or DTX. If such scenarios frequently occur, the serving cell should preserve Tx power and map NAK to DTX [2].
Further, due to macro-diversity, the error requirements on ACK can be alleviated.

Therefore, the requirements become:
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2.3
Non-Serving Cell
A non-serving cell is any cell that is not authorized to schedule a UE on E-DCH. By definition, it does not know whether a UE has been scheduled or not. These cells should DTX when they fail to receive E-DCH correctly from a UE. As in section 2.2, due to macro-diversity, the error requirements on ACK can be alleviated. The requirements are the same as above.
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3
Multiplexing Scheduling and HARQ Signals
Unlike HSDPA, in EUL, the scheduling entity also sends out ACK/NAK signals for HARQ. Therefore, for serving cells, the scheduling signals can be multiplexed with ACK/NAK signals. This leads to a lowered Tx power and OVSF code overhead for the scheduling grant.
For instance, a CONTINUE command can be interpreted as a new scheduling grant, identical to the previous one. When the CONTINUE command is multiplexed with an ACK (denoted as ACKC) and the NAK signal is mapped to DTX, we have a tri-state command ( ACK, DTX (NAK) and ACKC.
The equivalent requirements become:
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4
Conclusions

In view of the comments in sections 2 and 3, we propose the following:
· HARQ Signals
· All cells in UE’s active set send ACK/NAK
· Maximizes gains from macro-diversity for UEs in SHO
· Improves coverage and fairness at cell edges

· Scheduling Signals
· Could be multiplexed with ACK/NAK for serving cell/s
· Tx power requirements and any other complexity is FFS in RAN1

Further, we proposed some error requirements for the ACK/NAK channel. These requirements are consistent with those associated with HSDPA and take into account the SHO status of UE.
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