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1 Introduction
At the R2-103b meeting we had submitted a CR [1] regarding HARQ operation in LTE for SUO case 1 operation, i.e. for an FDD cell configured with subframeAssignment-r15. Following a discussion with other companies, it became clear that RAN2 needs to decide on the modelling of HARQ operation in this scenario. In this document, we provide our views on how the expected HARQ behaviour can be modelled.
2 Discussion
RAN1 had reached the following agreements at the R1-92 meeting [2].Agreement:
For a UE operating in EN-DC when configured with Case 1 HARQ timing on an FDD PCell
· No changes to the current DCI format size for DCI formats 0 and 1A in the CSS
· UE does not use PHICH
· The UL scheduling/HARQ timing is as follows:
· PUSCH HARQ RTT is 10ms
· UL grant in subframe n scheduled PUSCH in subframe n+4, and the UL grant for the same UL HARQ process occurs in subframe n+10 
· Note: This supersedes previous agreements on the scheduling/HARQ timing for the UL

There are two salient points in their agreements that affects the type of HARQ operation, i.e.:
1. PHICH is not configured, which is typical of asynchronous HARQ operation.
2. Retransmissions take place on a fixed subframe (n+10), which is typical of synchronous HARQ operation
This combination of fixed retransmission occasions without a PHICH configured is not currently modelled in 36.321 [3]. The expected type HARQ operation in this scenario could therefore be either synchronous or asynchronous. We explore the two options further, looking at the impact each option has on the specifications.
2.1 Option 1: Synchronous HARQ operation
Given that the HARQ process is invoked on predefined occasions, i.e. UL transmission at n+4, grant for retransmission at n+10, the type of HARQ operation could be defined as synchronous. However, there are two consequences of modelling it so:
1. For synchronous HARQ operation, non-adaptive retransmissions take place in case HARQ feedback is not received for the HARQ process. Given that the PHICH is not configured, the last UL transmission for each HARQ process at a given time would be transmitted maxHARQ-Tx number of times unless a new transmission takes place for the HARQ process.
2. According to 36.300 [4] section 9.1, PHICH is not configured only for asynchronous and autonomous HARQ operation. If we choose to model HARQ operation as synchronous for this scenario, it is in conflict with this definition.
Observation 1: If synchronous HARQ operation is used for the SUO case 1 scenario, the UE will always transmit the last transport block on all HARQ processes maxHARQ-Tx number of times.
Observation 2: If synchronous HARQ operation is used for the SUO case 1 scenario, HARQ behaviour in 36.321 and 36.300 need to be updated to allow synchronous operation without PHICH.
To avoid the case where the UE always transmits maxHARQ-Tx number of times, 36.213 [5] can be updated to cover this scenario with similar behaviour as the FDD-TDD carrier aggregation case, where PHY always indicates to MAC that the HARQ feedback is an ACK. If such an indication is provided, runaway non-adaptive retransmissions can be avoided.
2.2 Option 2: Asynchronous HARQ operation
Given that PHICH is not defined for this scenario, the operation in the SUO case 1 scenario is similar to asynchronous HARQ operation. In asynchronous HARQ operation, data in a HARQ process is only retransmitted if instructed to do so by a DCI from the eNB. This behaviour is in concordance with the RAN1 agreements.
However, for asynchronous HARQ operation, a DCI for a given HARQ process can be received at any point in time. RAN1’s agreements however make it clear that the DCI for a HARQ process can only be received at specific instances. However, these RAN1 timing limitations can be captured in 36.213 by RAN1, similar to the various other HARQ timing restrictions defined in section 8.3 [5].
Observation 3: If asynchronous HARQ operation is used for the SUO case 1 scenario, HARQ behaviour in 36.321 can remain unchanged.
Observation 4: The timing restrictions associated with the HARQ operation in the SUO case 1 scenario can be captured in RAN1 specifications.
Proposal 1: RAN2 to decide between the following options:
1. Synchronous HARQ is used in case of SUO case 1 operation
2. Asynchronous HARQ is used in case of SUO case 1 operation
3 Conclusion
In this contribution we make the following observations:
Observation 1: If synchronous HARQ operation is used for the SUO case 1 scenario, the UE will always transmit the last transport block on all HARQ processes maxHARQ-Tx number of times.
Observation 2: If synchronous HARQ operation is used for the SUO case 1 scenario, HARQ behaviour in 36.321 and 36.300 need to be updated to allow synchronous operation without PHICH.
Observation 3: If asynchronous HARQ operation is used for the SUO case 1 scenario, HARQ behaviour in 36.321 can remain unchanged.
Observation 4: The timing restrictions associated with the HARQ operation in the SUO case 1 scenario can be captured in RAN1 specifications.
Based on these observations, we propose:
Proposal 1: RAN2 to decide between the following options:
1. Synchronous HARQ is used to model SUO case 1 operation
2. Asynchronous HARQ is used to model SUO case 1 operation
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