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1 Introduction
In Rel-12, the dynamic TDD UL-DL reconfiguration in the order of 10ms is to be defined . The signalling mechanism for supporting dynamic TDD UL-DL reconfiguration was extensively discussed during the RAN1 #74 meeting. It was agreed  to use explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH to at least inform the UE the downlink subframes to detect (e)PDCCH, and to possibly measure CSI [1]. In the companion contribution [2], we provided a possible UE-group-common DCI design and studied two related open issues including search space selection and design of fallback solutions. 
In this document, we share our views on the remaining FFS aspects of uplink scheduling and HARQ timing operation in LTE TDD systems with dynamic UL-DL reconfiguration captured in [1] . 
2  Discussion 

2.1 HARQ timing aspects
The HARQ timing is a critical component of the LTE system operation especially at the receiver side. In the RAN1 #74 meeting, some agreements on HARQ timing were made as shown below: 
· Downlink HARQ timing follow a higher layer RRC configured TDD configuration
· At least configurations 2 and  5 can be selected

· FFS other configurations

· Conclusion on UL: Decide between Alt 1 and Alt 2 after the discussion on DL to UL subframe conversion concludes.

· Alt1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1
· Alt2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration 
It is preferred not to impose any restriction on the RRC configured TDD configuration that was used for DL HARQ timing. The reason is that limiting the reference configuration to configuration 2 and 5 may lead to unnecessary HARQ-ACK time domain bundling operation in case of PUCCH format 1b with channel selection or increased HARQ-ACK payload size in case of PUCCH format 3 when UL-heavy TDD configuration (e.g. configuration 0) is used. Consequently, it may result in system throughput loss. Based on the above considerations, we propose: 
Proposal 1: 

· No restriction on the higher layer RRC configured TDD configuration for DL HARQ timing.
Regarding UL scheduling/HARQ timing, Alt. 2 is preferred for faster UL-reference reconfiguration in order to minimize the PUSCH retransmission delay. As the RRC signaling can provide faster UL scheduling/ HARQ timing referene reconfiguration (e.g. ~200ms)  than SIB1 signaling based method (e.g. ~640 ms), and PUSCH RTT value in TDD UL/DL configuration 1 and 6 (i.e. 11 ms~14 ms) is larger than the value in other TDD UL/DL configurations (i.e. 10ms), Alt.2 could effectively reduce the PUSCH RTT delay from 14ms to 10ms and reduce the reconfiguration time from ~640ms to ~200 ms for the case that configuration 0 is initially indicated in SIB1 and later dynamically reconfigured to a DL-heavy configurations (e.g. configuration 2) within 640ms interval for traffic adaption. A further benefit of this faster reconfiguration mechanism is that the UL throughput could be increased due to reduced HARQ-ACK codebook size. The reason is that configuration 0 always requires the presence of a 2-bit UL index to be used as an uplink index to signal for which uplink subframe(s) the grant is valid, while this 2-bit index can be possibly used as downlink assignment index (DAI) in other configurations to indicate the number of downlink transmissions the eNodeB expects for HARQ acknowledgement, and consequently minimize the HARQ-ACK codebook size. It should be noted that the additional  specification impact and singaling overhead would be minor since DL-reference TDD configuration has been agreed to be configured by RRC signaling and then UL-reference configuration can be included into the same RRC message as well. 
Based on the above discussions, we propose: 
Proposal 2: 

· Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration
2.2 PUCCH resource mapping 
For TDD eIMTA scenario, a DL reference configuration should be used for PDSCH HARQ-ACK feedback to ensure the availability of HARQ-ACK resources, and the DL reference configuration might be different from the UL-DL configuration included in SIB1. This implies that two different HARQ timelines may be simultaneously followed by legacy UE and Rel-12 eIMTA-capable UE. Consequently, PUCCH resource collisions may happen if PUCCH format 1b with channel selection is configured. Figure 2 illustrates one such example, where TDD configuration 1 is indicated in SIB1 and TDD configuration 2 is the actual UL-DL configuration realized by flexibly changing the transmission direction of subframes #3 and #8 from UL to DL. Clearly, the same PUCCH resource would be associated with two separate PDCCHs (i.e.PDCCH 1 in subframe 9 and PDCCH 2 in subframe #0) according to the exsiting implicit PUCCH resource mappig mechanism. 
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Figure 2：One example of PUCCH resource collision for UL-DL reconfiguration scenario

To address this issue, two alterantive solutions can be considered without affecting the legay UE behavior: 
· Alternative 1: Modify the existing implicit PUCCH resource mapping rule and use new mapping rule for Rel-12 eIMTA-capable UEs. 
This solution was described as Option 2 in paper [3]. The basic idea is to divide the PUCCH resource mapping procedure into two steps for an eIMTA-capable UE. First, the UE should map PUCCH resource index by reusing exisiting implicit PUCCH resource mapping method for the CCEs in the common DL subframes between two HARQ-ACK bundling windows derived based on SIB1 and DL-reference TDD configuration, which, in the example shown in Figue 2, corresponds to subframe #0 and #1. Then, the UE should implicitly map PUCCH resources for the other remaining DL subframes within the HARQ-ACK bundling window, which is generated according to DL-reference configuration by ensuring no collisions occur with the PUCCH resources potentially reserved in the first step [4]. In the example illustrated in Figure 2, they are subframe #9 and #3 correspondingly.
· Alternative 2: The PUCCH resources for eIMTA-capable UEs are explicitly configured to fixed values via RRC signalling. 
With Alternative 2, orthogonal PUCCH resources for all potential DL subframes are explicitly configured based on DL-reference configuration. Considering the example in Figure 2, in total, four HARQ-ACK resources need to be semi-persistently reserved for subframe #9,#0,#1, and #3 separately for each eIMTA-capable UE assuming TDD configuration 2 is used as DL-reference configuration. To further reduce the control overhead, explicit PUCCH resources could be  applied only for those potential DL subframes that are not common between two HARQ-ACK bundling windows (i.e. subframe #9 and #3 in the example shown in Figure 2), and the existing implicit PUCCH resource mapping rule is applied for common DL subframes (i.e. subframe #0 and #1 in Figure 2). Therefore, only two explicit PUCCH resources would be needed to be reserved for an eIMTA-capable UE. Moreover, it should be noted that according to the study item conclusions, fast traffic adaptation of the order of 10 ms provides maximum packet throughput performance gains for low and medium system loading sceneraios and thus, the increased control overhead with optimized Alternative 2 may be practically negligible. 
Observation 1: 

· PUCCH resource collision between legacy UEs and Rel-12 eIMTA-capable UEs may occur for the case that PUCCH format 1b with channel selection scheme is configured for HARQ-ACK feedback. 
Proposal 3:

· Strive for a simple solution to handle the PUCCH resource collision issue that involves minimum specifications change and no constraint on the eNB scheduler. 
3 Conclusions

In this contribution, we investigated the open issues related to the support of eIMTA in Rel-12 including HARQ timing, PUSCH scheduling timing, and potential PUCCH resource collision for the case of PUCCH format 1b with channel selection, and propose that: 
Proposal 1: 

· No restriction on the higher layer RRC configured TDD configuration for DL HARQ timing.
Proposal 2: 

· Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration

Observation 1: 

· PUCCH resource collision between legacy UEs and Rel-12 eIMTA-capable UEs may occur for the case that PUCCH format 1b with channel selection scheme is configured for HARQ-ACK feedback. 

Proposal 3:

· Strive for a simple solution to handle the PUCCH resource collisions issue that involves minimum specifications change and no constraint on the eNB scheduler. 
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