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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 PUSCH transmissions in eIMTA is critical for achieving the expected throughput gains. More specifically, the scheduling/HARQ timing and the allocation PHICH resources to support UL HARQ operations are required. In this contribution we will analyze the Pros and cons of various potential solutions for PUSCH HARQ operation in eIMTA. 

2 Discussion 
2.1 Dynamic PUSCH scheduling/HARQ timing
For TDD LTE prior Rel.12, the PUSCH scheduling timing and HARQ timing are derived from the TDD UL/DL configuration used in one cell or the combination of different TDD UL/DL configurations used in different cells. To align with this spirit, the PUSCH scheduling/HARQ timing for eIMTA could also be decided by TDD UL/DL configurations used in the eIMTA cell. However, the TDD UL/DL configurations of the eIMTA cells will be reconfigured with a time scale of tens of milliseconds [2]. The issue of how to cope with the PUSCH scheduling/HARQ timing at the reconfiguration boundary has to be considered. 
In Rel.11, the PUSCH scheduling/HARQ timing of inter-band TDD CA cells is determined by the combination of the respective configurations in two aggregated cells [3]. A similar design principle can be applied to the generation of PUSCH scheduling/HARQ timing at the reconfiguration boundary in the eIMTA cell, i.e. to decide the reference PUSCH scheduling/HARQ timing from the combination of two configurations before and after the reconfiguration boundary. For simplicity, the reference PUSCH scheduling/HARQ timing can be the timing corresponding to the former configuration, the latter configuration, or even a 3rd configuration among the 7 configurations defined in Rel.8.
One example is given in the figure below. The former and latter configurations of reconfiguration boundary 0 in the example are configuration#1 and configuration#2 respectively. The timing for Link0 follows the timing of reference configuration#1 as the uplink subframes set of configuration#1 is a superset of that of configuration#2. To generalize the design principle, a reference configuration can be determined for each pair of adjacent radio frames even when adjacent frames have the same TDD configuration. For example, at boundary 1, frame n+1 and n+2 are both using TDD configuration 2; hence it’s straightforward the reference configuration is also configuration 2 and applies on Link1.

[image: image1.emf]Frame n, 

configuration#1

D S U U D D S U D D S U D D

5 6 7 8 9

0 1 2 3 4 5

6 7 8 9

U D S U D

0 1 2 3 4

D

Frame n+1, 

configuration#2

Boundary 0 Boundary 1

D S U D D

5 6 7 8 9

D S U D

0 1 2 3 4

D

Frame n+2, 

configuration#2

Link0 Link1


Figure 1: Example of dynamic PUSCH scheduling/HARQ timing

The pro of this solution is that the technology and design in the current specification can be reused at most, and the specification efforts can be reduced. However the solution requires that the PUSCH scheduling/HARQ timing changes with the TDD UL/DL configuration, it has to update the mapping rule between UL-Grant/PHICH subframe and PUSCH subframe at the boundary; and if non-10ms PUSCH RTT configurations were involved, the bundling relation between the PUSCH process and the uplink subframe has also to be adjusted. These operations will complicate the scheduler to some extent. 
Proposal 1: the PUSCH transmission in eIMTA can follow a timing derived from the actual configurations used in the eIMTA cell.

2.2 Fixed PUSCH scheduling/HARQ timing
On the contrary, a fixed PUSCH scheduling/HARQ timing is preferred for PUSCH transmission in eIMTA. This solution can guarantee that the PUSCH scheduling/HARQ timing is stable during the PUSCH transmission procedure no matter what the actually configuration is, which will simplify the scheduler implementation.
Intuitively, the timing of configuration#0 seems the best candidate for the role of a fixed PUSCH scheduling/HARQ timing. Since configuration#0 has the most uplink subframes in the 7 configurations defined in Rel.8, and the timing of configuration#0 can maximize the number of supported uplink subframes. However, the PUSCH RTT of configuration#0 is not 10ms, and the actual TDD UL/DL configuration in the eIMTA cell will not be configuration#0 frequently. Then, the PUSCH retransmission may be scheduled onto downlink subframe sometimes and meanwhile the PUSCH process delay will increase. The figure below gives an illustration of this issue, if the timing of configurarion#0 is used and the actual configuration in the eIMTA cell is configuration#5, which has only one uplink subframes, the PUSCH process delay may come to 70ms. If configuration#0 is broadcasted in SIB1, the PUSCH transmission of legacy UEs in the eIMTA cell will meet the same problem.
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Figure 2: Illustration of PUSCH HARQ process delay
In inter-band TDD CA of Rel.11, when the configuration of PCell is configuration#0 or configuration#6, of which the PUSCH RTT is not 10ms, and the configuration of SCell is configuration#1~5, of which the PUSCH RTT is 10ms, then the timing of SCell configuration or that of configuration#1is used for cross-carrier PUSCH scheduling. One purpose of such a design is to avoid the issues mentioned above. For the same reason, the timing of configuration#0 should not be used as the fixed PUSCH scheduling/HARQ timing in eIMTA.
Proposal 2: the timing of configuration#0 should not be used as the fixed PUSCH scheduling/HARQ timing of eIMTA UEs, neither as the PUSCH scheduling/HARQ timing of legacy UEs in the eIMTA cell.

Among the 7 TDD UL/DL configurations defined in the current specification, configuration#1 has most uplink subframes and corresponds to timing with 10ms RTT. From this point of view, the timing of configuration#1 should be the choice as the fixed PUSCH scheduling/HARQ timing. However, if the timing of configuration#1 is used, the configurations having more uplink subframes than configuration#1 cannot be supported. Comparing with configuration#0, which has 6 uplink subframes, configuration#1 has only 4 uplink subframes. If the system cannot support configuration#0, the capability of the system to handle uplink heavy traffic will decrease a lot, which is conflicting with the original intention of eIMTA.
Proposal 3: all TDDUL/DL configurations defined in current specification should be supported.
Through the analysis above, we can find that the desirable fixed PUSCH scheduling/HARQ timing should has 10ms RTT property and meanwhile supports all TDD UL/DL configurations. One possible implementation satisfying the requirement is shown in figure 3. eNB should setup UL-DL configuration 1 by SIB1, so that all legacy UEs could operate at 10ms RTT; and the subframe 4 and subframe 9 should be configured as MBSFN subframes, of which flexible PUSCH transmission is allowed in the data region, then the UL/DL proportion of configuration#0 and configuration#6 can be supported and the RRM measurement of legacy UE will not be impacted. 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 the data region of subframe 4 and 9, the UL grant/PHICH transmission at subframe 0 and 5 could be further defined. 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 and avoids the extra PUSCH process delay. 
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Figure 4: always 10ms RTT for eIMTA PUSCH

Proposal 4: the desirable fixed PUSCH scheduling/HARQ timing should have 10ms RTT property and meanwhile support all TDD UL/DL configurations.
2.3 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 5: 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 PUSCH in eIMTA. Following proposals are put forward:
Proposal 1: the PUSCH transmission in eIMTA can follow a timing derived from the actual configurations used in the eIMTA cell.
Proposal 2: the timing of configuration#0 should not be used as the fixed PUSCH scheduling/HARQ timing of eIMTA UEs, neither as the PUSCH scheduling/HARQ timing of legacy UEs in the eIMTA cell.

Proposal 3: all TDDUL/DL configurations defined in current specification should be supported.
Proposal 4: the desirable fixed PUSCH scheduling/HARQ timing should have 10ms RTT property and meanwhile support all TDD UL/DL configurations.
Proposal 5: 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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