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1. Introduction 
A new work item proposal for Further Enhancements to LTE TDD for UL/DL Interference Management and Traffic Adaptation has been approved in RAN #58 [1]. With the emerging schemes on dynamic TDD UL/DL configuration change for traffic adaptation, the TDD UL/DL configuration change would be done more frequently, as fast as every 10 ms. With this kind of reconfiguration rate, it will lead to large performance degradation if one just terminates the HARQ process every time when there is a change of configuration. In this contribution, we discuss some potential issues associated with the frequent TDD UL/DL reconfiguration in eIMTA and possible solutions.
2. Potential HARQ issues discussion
The potential issues during TDD UL/DL reconfiguration include HARQ time linkage for both PDSCH and PUSCH, number of HARQ processes, ACK/NACK bundling vs. multiplexing.
2.1. HARQ time linkage

We assume that the configuration change is always to be effected at the frame boundary. UEs may be informed of the configuration change before the frame boundary, and different UE may be informed the change at different time. However, the configuration change effective time instance is always at the frame boundary. Moreover, this effective time instance should be the same for all reconfiguration capable UEs.

a) DL HARQ

The DL HARQ time linkage refers to the time relation between PDSCH transmission and ACK/NACK transmission. The issue is illustrated in Figure 1 where we have TDD UL/DL configuration change from configuration 4 to configuration 5. For UL/DL configuration 4, the ACK/NACKs for DL PDSCH transmission at subframes #6, #7, #8 and #9 are all linked to the UL subframe #3. However, with the configuration change the subframe is at subframe #3 for UL/DL congfiguration #5 is a DL subframe. It cannot be used to send ACK/NACK on the UL direction.
[image: image1.jpg]Cannot send A/N
onUL





Figure 1 DL HARQ case for configuration change from configuration 4 to configuration 5
This issue could be solved by applying a reference configuration PDSCH HARQ time linkage. For the case in Figure 1, the reference configuration is configuration 5. However, this reference configuration timing should be only applicable to the subframe where, based on current frame (n) configuration PDSCH HARQ timing, PDSCH will be ACK/NACKed in the subsequent frame (n+1). For the case where, based on current frame configuration PDSCH HARQ timing, if PDSCH can be ACK/NACKed within the current frame (n), the PDSCH HARQ timing still follows the current configuration PDSCH HARQ timing.
b) UL HARQ

For UL HARQ time linkage, it includes two linkages. One is between UL grant and PUSCH transmission, the other is from PUSCH transmission to ACK/NACK (PHICH) and retransmission if needed.
 
Figure 2 shows the situation of the TDD UL/DL configuration change from 2 to 1. For configuration 2, the ACK/NACK for PUSCH at subframe #7 is supposed to be transmitted at DL subframe #3. But the subframe #3 is no longer a DL subframe with the change to TDD UL/DL configuration 1. There is no way to transmit the UL ACK/NACK on it any more.
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Figure 2 UL HARQ case for configuration change from configuration 2 to configuration 1
For the case of retransmission, Figure 3 illustrates the case of the TDD UL/DL configuration change from 0 to 2. For configuration 0, the ACK/NACK for PUSCH at subframe #2 is received at subframe #6. If it is a NACK, the PUSCH retransmission should occur at subframe #3 in the following frame. However, as the change of TDD UL/DL configuration to configuration 2, the subframe #3 becomes DL subframe. It is not possible to perform the PUSCH retransmission any more.
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Figure 3 UL HARQ case for configuration change from configuration 0 to configuration 2
In addition, there could be PHICH resource issue in some cases since the not every DL subframe being configured with PHICH resources.
Overall, the issues around PUSCH HARQ are more complicated due to synchronous nature of UL HARQ in LTE. The reference configuration approach may not be enough to solve the issue. New time linkage may be required in some cases. However, further studies should be conducted to look into the trade-off between the performance and complexity of such new timing introduction.

2.2. Number of HARQ processes

The number of HARQ processes changes as the TDD UL/DL configuration changes since the number of HARQ processes is UL/DL dependent on both UL and DL. When the number of HARQ processes changes to a larger or the same number after reconfiguration, the current m HARQ buffer(s) should be able to directly transfer to the first m HARQ buffer(s) of the HARQ processes after reconfiguration. This can be applicable to both DL and UL HARQ processes.
However, when the number of HARQ processes changes to a smaller number due to reconfiguration, the data in the excessive number of HARQ processes may be forced to be flushed out and pass the packet error onto the upper layer (RLC) to handle. Alternatively, for better performance, one may transfer HARQ buffer to fill up all available HARQ processes and temporarily store the remaining HARQ buffers in the same order in a queue at both UE and eNB. Continue to finish all the remaining HARQ processes one by one as soon as there is an opportunity.
2.3. ACK/NACK bundling vs. multiplexing

Since TDD UL/DL configuration 5 only supports ACK/NACK bundling, the attention is required whenever the reconfiguration involves UL/DL configuration 5. One of the following specifications may need to handle the situation.

a) If ACK/NACK multiplexing is configured, then the eNB is not allowed to reconfigure to TDD UL/DL configuration 5.

b) If ACK/NACK multiplexing is configured and the eNB reconfigures to TDD UL/DL configuration 5, then the UE automatically switches to using ACK/NACK bundling.

3. Conclusions

In this contribution, we have discussed some potential HARQ issues associated with the frequent TDD UL/DL reconfiguration in eIMTA. Based on our observation, we propose the following,

Proposal 1: PDSCH HARQ time linkage could be solved by a reference configuration. The reference time linkage is only applicable to the subframe where, based on the current frame configuration timing, PDSCH will be ACK/NACKed in the subsequent frame.
Proposal 2: PUSCH HARQ time linkage is more complicated and the reference configuration approach may not be enough to solve the issue. New time linkage may be required in some cases. Further study is needed for performance and complexity trade-off.
Proposal 3: Difference in number of HARQ processes during reconfiguration has to be considered
Proposal 4: ACK/NACK bundling and multiplexing need to be configured in a way being consistent with Release 10/11.
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