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1
Introduction
During the RAN#62 meeting the new Work Item on Further enhancements to Enhanced Uplink has been approved [1]. The Work Item Description contains a list of identified areas on which the work should focus. This contribution aims at describing the basics of technology addressing the following point in [1]:

“Improved granting for secondary carriers and TDM operation”

During the Study Item phase it has been recognized that the time division multiplexing (TDM) operation can bring significant performance gains in HSUPA system. The existing Serving Grant signalling procedure is limited in a way that it cannot facilitate efficient TDM operation. Several improvements addressing this limitation have been proposed in the Technical Report [2]. Handling the retransmissions is another aspect of the TDM operation that should be solved. The HARQ operation improvements can be considered irrespectively of the TDM signalling schemes as all the proposals are affected by the same problem. This document proposes several solutions for optimization of the HARQ retransmissions when working in pure TDM mode.  
2
HARQ operation in TDM mode
2.1
The retransmissions problem
In the TDM mode the UEs would be scheduled in such a way that they take turns in transmitting the uplink data and their transmission do not interfere with each other. However, HARQ functionality in HSUPA dictates that the retransmission of unsuccessfully received packet should take place in the same HARQ process (8 TTIs after the initial transmissions in case of 2 ms TTI). A UE performs the retransmission automatically in the corresponding TTI if it doesn’t receive a confirmation of correctly received packet either from the Serving Cell or another cell from the Active Set. When working in TDM fashion it is probable that at the time of retransmission another UE will have its turn of transmitting with a high data rate and consuming all or majority of the cell resources. In such a case both the new transmission and the retransmission would interfere strongly with each other and potentially neither of them would be successful although it is likely that the retransmission would succeed. This scenario is depicted in the figure below. 
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Figure 1. HARQ problem of TDM operation.
The problem depicted in Figure1 has been already discussed during the study item and captured in the TR [2]. It was mentioned that in such a scenario the scheduler could either prioritize initial transmissions or retransmissions. The latter means that in the above example the scheduler prepare for a retransmission and deactivate the transmission of other UEs (UE3 in this case) for a TTI when it expects a retransmission because the original transmission was not received correctly by that cell. However, deactivating and activating transmissions for one TTI is cumbersome, and if the UE1 is in Soft Handover the serving cell does not know if the packet was received by one of the Active Set cells so it does not know whether it should prepare for a retransmission. In the SHO case, the serving cell could prepare for a retransmission irrespectively of the outcome of the reception at the other Active Set cells but that would lead to a waste of resources in case of reception success in at least one of the Active Set cells. 

Alternatively, prioritizing new transmissions would mean that a UE would not perform a retransmission if it had received a “Zero Grant” after the first transmission but instead it would keep the packet to be retransmitted in the buffer until it again receives an Absolute Serving grant valid for the given HARQ process. The disadvantage of this solution is that, as explained above, the Serving Cell does not always know that there is a need of a retransmission. In Soft Handover operation the Serving Cell learns about the need of a retransmission only when it actually takes place (UE sends a packet with the RSN corresponding to a retransmission). Hence, the scheduler does not know whether to keep on scheduling new UEs or whether to come back to a UE which potentially has a retransmission to be performed, especially if it is known from the prior scheduling information that this particular UE had no more new data to be scheduled. 
2.2
Possible solutions for handling the retransmissions
To solve the HARQ functionality for the HSUPA TDM operation two options are identified:

1. When a packet is not acknowledged as correctly received (ACK on E-HICH) by any of the cells from the Active Set (and the set maximum number of transmission attempts was not reached) and the UE’s Serving Grant expired in the meantime or was set to “Zero Grant” the UE doesn’t retransmit automatically, as it would in a legacy case, but signals to the serving cell that a retransmission is needed. This signaling could be performed by sending the Scheduling Information (SI) message to the serving cell. The SI message could point to the given HARQ process by a timing association or it could explicitly contain information pointing to the HARQ process that awaits a retransmission. The retransmission would only take place when the UE is given a new grant.
2. When a packet is not acknowledged as correctly received (ACK on E-HICH) by any of the cells from the Active Set (and the set maximum number of transmission attempts was not reached) and the UE’s Serving Grant expired in the meantime or was set to “Zero Grant” the UE doesn’t retransmit, as it would in a legacy case, but flushes the HARQ buffer and sets the number of retransmissions to MAX. Hence, the UE leaves it to the higher layers to retransmit the packet if the Serving Grant was passed to another UE after the initial unsuccessful transmission. 

The first option would have the benefit of allowing the network to handle retransmissions fully, and avoid any collisions of pending retransmissions of the previous UE and the new transmissions of the next UE with the new grant. The second option is anyhow appealing in its simplicity, and could be coupled with network behavior where the BLER of the last transmission round is targeted to be significantly less than 10% to reduce the likelihood of buffer flushing.

When operating TDM with low initial BLER target, the additional energy needed from the retransmission (when one is needed) can be expected to be very low, and as such the retransmissions could be expected to tolerate the interference from the new transmission. Thus the legacy retransmission operation should also be an option the network could use. The downside of this operational mode is the significantly increased 1st transmission BLER for the new UE’s transmission and the RoT spike caused by the colliding transmissions, unless other mitigating means are introduced by the scheduler, such as letting the HARQ tail terminate before granting new UE with permission to transmit.

The two options outlined above could solve all identified problems of HARQ mechanism in TDM mode in HSUPA. The serving cell scheduler could either prioritize retransmissions (delay optimization) using the legacy HARQ mechanism – performing the retransmissions automatically. In order to maximally optimize the TDM performance UEs could be instructed not to retransmit automatically but e.g. in case of a Soft Handover operation signal to the serving cell that a retransmission is pending, thus providing much more flexibility to the scheduler and allowing for maximum scheduling and TDM gains. For less delay sensitive services a UE could be instructed to flush the HARQ process buffer immediately after the initial transmission failure to maximally simplify the implementation and at the same time preserve the scheduling gains.  
3
Conclusion
The document presents 2 solutions to the problem of handling HARQ retransmissions when operating in full TDM mode. It is also proposed that the TDM HARQ mode is made configurable so that the network can chose to optimize different metrics. 

Proposal 1:  The network can configure UEs to either follow the legacy HARQ operation (prioritize retransmissions) or use one of the solutions.
Proposal 2: A UE can be configured not to perform retransmissions automatically if the Serving Grant is set to Zero or Inactive but to hold a packet in the buffer until it receives a Serving Grant again. Additionally, the UE can be configured to inform the network about a retransmission need by sending Scheduling Information if it is in the Soft Handover. 

Proposal3: A UE can be configured to discard pending retransmissions and flush HARQ buffers if it was signalled a Zero_Grant or Inactive and leave the higher layers to perform the retransmission.
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