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1 Introduction

In RAN #58, a new WI on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (eIMTA)” was agreed [1]. The main objective is to enable a TDD UL-DL reconfiguration to adapt with fast DL/UL traffic variations in small cells. As it was evaluated during the study item phase, significant throughput gains can be achieved in DL and/or UL depending on the choice of base UL-DL configuration. 

A definition of an efficient method for supporting the HARQ operation for PDSCH and PUSCH transmissions in eIMTA is critical for achieving the associated throughput gains. More specifically, the scheduling/HARQ timing and the allocation of PUCCH/PHICH resources to support DL/UL HARQ operations are required. However, without a concrete decision on time scale for TDD UL-DL reconfiguration, it is difficult to discuss the details of HARQ operation. This contribution describes some of the issues to be addressed and proposes some general design principles for the HARQ operation in eIMTA. 

2 Discussion 
The WI on TDD inter-band CA with different UL-DL configurations among configured cells [2] was finalized in Rel-11 and has some commonalities with the new WI on eIMTA [1]. In the scenarios for TDD inter-band CA, the configured cells can have different UL-DL configurations while in the new WI eIMTA different radio frames may use different UL-DL configurations. Therefore, some designs on TDD inter-band CA may be re-used when considering the eIMTA design. 
The rest of this section first provides considerations on the timing for PDSCH and PUSCH HARQ transmissions and then discusses the resource allocation for HARQ-ACK channels. 

2.1 PDSCH HARQ timing
If a L1 based method is used to adapt the UL-DL configuration, the change of UL-DL configuration could happen as fast as per frame. Figure 1 provides one example. 
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Figure 1: Problem in PDSCH HARQ timing
As illustrated in Figure 1, at the boundary for the UL-DL reconfiguration, the PUCCH HARQ-ACK for DL subframe 9 which belongs to frame n cannot be reported if using HARQ timing of the actual UL-DL configuration of frame n, due to the change to a DL subframe in subframe 13. Since the UL-DL configuration could be frequently changed in eIMTA, the problem shown in Figure 1 also occurs frequently. To avoid the impact on DL throughput, HARQ transmission should be supported for PDSCH on DL subframe 9 in Figure 1. In general, HARQ transmissions for PDSCH should be supported for all subframes of a UL-DL configuration after this configuration is adapted. 
In Rel-11 TDD inter-band CA, a reference UL-DL configuration is derived based on the Pcell configuration and Scell configuration and is used as HARQ timing for the PDSCH transmission on Scell. Similarly, HARQ timing according to a reference configuration could be considered in eIMTA. The DL subframes in the reference configuration must be a super set of the DL subframes of the previous and the adapted UL-DL configurations. 

Proposal 1: 

· HARQ transmission for PDSCH should be supported in all subframes of a UL-DL configuration;

· A reference configuration could be used to determine HARQ-ACK timing for eIMTA

2.2 PUSCH scheduling/HARQ timing
From Rel-8, PUSCH transmission is based on synchronous HARQ (SHARQ). The same can be applied to eIMTA. Similar to PDSCH HARQ transmission, all UL subframes must be schedulable near the boundary of UL-DL configuration. This is to guarantee that eIMTA does not incur UL throughput loss.

Due to synchronized HARQ operation, one more issue is to handle the SHARQ process continuity near the boundary. For legacy SHARQ operation, the PUSCH retransmission timing is fixed given the timing for a previous transmission for the same SHARQ process. However, the number and the location of UL/DL subframes are changed after a UL-DL reconfiguration which impacts the continuity of PUSCH HARQ processes. The simplest way is to drop all PUSCH that are not successfully decoded. However, this results in a loss of HARQ soft combining gain and causes UL throughput loss which contradicts the objective of eIMTA. We discuss this issue in detail in this section. 

The first approach is to maintain process continuity in a best effort way. It’s assumed that a reference UL-DL configuration is used for PUSCH scheduling/HARQ transmission near the boundary. The reference could be same as the former configuration, the latter configuration, or even a 3rd configuration. For simplicity, the reference is one from the 7 existed UL-DL configurations. As shown in Figure 2, the reference configuration is right the former configuration in the first reconfiguration. Since the new UL-DL configuration has less number of UL subframes, some unfinished SHARQ processes may have to be dropped. That is, there exist UL subframes in the corresponding retransmission timing for SHARQ processes 1 and 3, so that they can behave continuously; however, for SHARQ processes 2 and 4, the UL subframes become DL subframes in frame n+1 and a retransmission for each of these 2 processes is not possible. Conversely, in the second reconfiguration, the UL-DL configuration is changed back into an UL heavier one, and reference configuration is the latter configuration. As a result, all existing SHARQ process can find a respective subsequent UL subframe. Further, some new SHARQ processes need to be added to identify all parallel PUSCH transmissions. 
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Figure 2: Drop UL data
The second approach is to maintain some parallel SHARQ process according the possible maximum number SHARQ process. For example, it could be 7 according to the need for UL-DL configuration 0. A reference UL-DL configuration for PUSCH scheduling/HARQ transmission near the boundary is still needed as the first approach. Some SHARQ processes in case short of UL subframe due to the reconfiguration could be just suspended, unless the maximum retransmission number expired. Once the number of UL subframe is increased, the suspended SHARQ process can be resumed. In this approach, the alignment of SHARQ process in former and latter UL-DL configuration is needed. As shown in Figure 3, the reference configuration could be the set the same as approach one. eNB/UE could always maintain 4 SHARQ processes (i.e. assuming dynamic reconfiguration between configuration 1 and configuration 2). A UL SHARQ process (i.e. SHARQ process 2 and 4) is just suspended in case the first reconfiguration and it could be resumed after the second reconfiguration. 
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Figure 3: Suspend UL SHARQ processes

The second approach could be better than the first approach, but some additional complexity is required to align the active and suspended SHARQ processes during reconfiguration. If considering an actual configuration 0, the reference configuration for scheduling/HARQ timing in the above 2 approaches must be configuration 0. Due to the non-10ms RTT for configuration 0 as defined in Rel-8, all SHARQ processes have the possibility to collide with a flexible subframe currently used as DL, hence PUSCH performance in each SHARQ process is impacted. Especially for the case legacy UE and eIMTA UE are using different reference configuration, it complicates the eNB scheduler design to coordinate the resource allocation for UEs. The main reason for the complexity comes from non-10ms HARQ RTT, so we consider a third approach to apply 10ms RTT for both legacy UE and eIMTA UE. 
The third approach tries to apply 10ms RTT for both legacy UE and eIMTA UE, so that the scheduling complexity can be reduced and meanwhile the PUSCH transmission for at least a part of SHARQ processes is free from interruption by change of the flexible subframes. As shown in figure 4, eNB may just setup UL-DL configuration 1 by SIB1, so that all legacy UEs could operate at 10ms RTT. For eIMTA UE, a MBSFN based structure [3] is used to allow flexible PUSCH transmission in the data region of this MBSFN subframe so as to meet the requirement of heavy UL traffic. The timing from UL-DL configuration 1 could be reused for the PUSCH transmission in subframe 2, 3, 7 and 8 for eIMTA UE, hence is common to legacy UE. To allowing the PUSCH transmission in subframe 4 and 9, the UL grant transmission at subframe 0 and 5 could be further defined for scheduling. One thing to emphasize is that all PUSCH transmissions including those in subframe 4 and 9 are using 10ms RTT, which simplifies the eNB scheduler design. For example, it is possible to schedule legacy UE in fixed UL subframes, and the 10ms RTT for legacy UE guarantee its PUSCH transmission never collide with a flexible subframe. 
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Figure 4: always 10ms RTT for eIMTA PUSCH

Proposal 2: 

· All UL subframes must be schedulable;
· SHARQ process continuity for PUSCH transmission should be targeted. 

· To apply a reference configuration near the reconfiguration and drop unsuccessful UL data or suspend SHARQ processes. Further, a design allowing 10ms RTT for all legacy and eIMTA UEs could be considered. 
2.3 PUCCH resource allocation
According to the discussion in section 2.1, PDSCH transmissions in eIMTA may follow the timing of a reference configuration. As a result, an implicit derivation of PUCCH format 1a/1b resources can result to collision. A similar problem was already discussed in Rel-11 TDD inter-band CA if cross-carrier scheduling is used, and it was agreed that a PDSCH transmission on the Scell always follows the HARQ-ACK timing of the Pcell configuration. Consequently, the implicit PUCCH resource allocation on the Pcell is always according to the Pcell UL-DL configuration for all UEs and resource collisions are avoided. 
As to eIMTA, if only the reference configuration for PDSCH HARQ timing determination is different from the SIB1 UL-DL configuration which is used by all non-eIMTA UEs, the implicit PUCCH resource allocation is different. Since the nature for eIMTA is to quickly change a UL-DL configuration, the mismatch on implicit resource allocation between reference configuration and SIB1 configuration can frequently occur. 

For the example shown in Figure 5, the SIB1 UL-DL configuration may indicate a UL heaviest configuration, e.g. configuration 0, which has the benefit of maximum power saving in low load case. Then, in case of peak DL traffic, the eIMTA cell may adapt into UL-DL configuration 2. Implicit PUCCH resource is needed when either PUCCH format 3 or PUCCH format 1a/1b based schemes is adopted. For non-eIMTA UEs, it needs to allocate implicit PUCCH resource in UL subframe 12 for (E)PDCCH in DL subframe 6 according to SIB1 UL-DL configuration 0. Meanwhile, assuming UL-DL configuration 2 is used as reference configuration for eIMTA UE, the bundling window is of size 4 for UL subframe 12, i.e. includes DL subframe 4, 5, 6, and 8; implicit PUCCH resources need to be allocated for (E)PDCCH in each of the 4 DL subframes. The overlapping between implicit PUCCH resources of non-eIMTA UE and eIMTA UE can be easily avoided by configured different parameter 
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 is used, (E)PDCCHs in DL subframe 4 for eIMTA UE and (E)PDCCHs in DL subframe 6 for non-eIMTA UE happens to map to the same PUCCH resource which causes restriction on eNB scheduler flexibility. A proper method providing a good tradeoff between PUCCH resource overhead and eNB scheduler flexibility is needed. 
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Figure 5: Problem for PUCCH resource allocation
Proposal 3: 

· If an UL-DL configuration for eIMTA UEs is different than the SIB1 configuration, this can result to collisions of PUCCH resources. 
2.4 PHICH resource allocation
To operate SHARQ for PUSCH transmission as discussed in section 2.2, a PHICH resource needs to be allocated to eIMTA UE. A potential problem which also exists in Rel-11 TDD inter-band CA is the lack of PHICH resource in the subframe of PHICH timing. A PHICH-less operation was already specified in Rel-11, i.e. PUSCH retransmission can only be triggered by an UL grant and the UE can report ACK internally if no new UL grant is detected. Such a solution may also be used in eIMTA. 
Proposal 4: 

· Rel-11 defined PHICH-less operation could be reused in case a PHICH resource in the subframe of PHICH timing is not available. 
3 Conclusions
This contribution discussed the support HARQ transmissions for PDSCH and PUSCH in eIMTA. Both scheduling/HARQ timing and HARQ-ACK resource allocation were considered and the following observations are made:
Proposal 1: 

· HARQ transmission for PDSCH should be supported in all subframes of a UL-DL configuration;

· A reference configuration could be used to determine HARQ-ACK timing for eIMTA.
Proposal 2: 

· All UL subframes must be schedulable;

· SHARQ process continuity for PUSCH transmission should be targeted. 

· To apply a reference configuration near the reconfiguration and drop unsuccessful UL data or suspend SHARQ processes. Further, a design allowing 10ms RTT for all legacy and eIMTA UEs could be considered. 
Proposal 3: 

· If an UL-DL configuration for eIMTA UEs is different than the SIB1 configuration, this can result to collisions of PUCCH resources. 
Proposal 4: 

· Rel-11 defined PHICH-less operation could be reused in case a PHICH resource in the subframe of PHICH timing is not available. 
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