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1. Introduction
In RAN#58, a new work item of LTE_TDD_eIMTA was approved [1].  The objective of this work item is to enable TDD UL-DL reconfiguration to adapt with fast DL/UL traffic variations in small cells. In this WI, the HARQ/scheduling issue is one of the key issues for eIMTA system design. In our previous contribution [2], we addressed the dependency of HARQ timing on the reconfiguration signalling and proposed the reference configuration based HARQ timeline design for eIMTA. In this contribution, we continue to discuss in detail HARQ scheduling/timing for TDD UL-DL reconfiguration including also the issue of A/N on PUCCH.
2. Discussion
2.1. PDSCH HARQ timing
For UL-DL reconfiguration, there is a conflict for UL HARQ-ACK feedback if the direction of the corresponding subframe is changed from UL to DL, as illustrated in Figure 1. Since the UL-DL configuration could be frequently changed in eIMTA, the problem of PDSCH HARQ timing also occurs frequently. In general, there are two solutions: one is dynamically changing HARQ timing based on the latest reconfigured TDD UL/DL allocation; another is to use a reference configuration for PDSCH HARQ ACK/NACK timing. 
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Figure 1: ACK/NACK timing for PDSCH with TDD UL-DL reconfiguration
For the reference configuration based HARQ timing design there are several methods to determine the reference UL-DL configuration, e.g. fixed, semi-static or dynamic HARQ timing as the function of the two TDD UL-DL configurations that are before and after the transition boundary. The main advantage of the dynamically adjusted HARQ timing is that there is no limitation on TDD reconfiguration. The same procedure to derive the reference configuration in TDD inter-band CA can be reused. However, the main disadvantage of the dynamically adjusted HARQ timing is that the incorrect reception of UL-DL reconfiguration signalling can result in catastrophic system operation issue due to mismatch of the reference configuration between UE and eNB. Secondly, this solution has higher implementation complexity since UE needs to frequently change HARQ timing on a frame basis. Therefore, a fixed or semi-statically configured reference configuration is more beneficial for eIMTA.
The reference configuration for PDSCH HARQ timing is only required for the non-anchor or flexible DL subframes or the DL subframe which has HARQ-ACK mapped to the non-anchor UL subframes. Reconfiguration should not change the anchor HARQ timeline and control mapping if the HARQ-ACK resource is always in an anchor UL subframe. This is because the anchor DL subframe without HARQ timing issue can be assigned to the legacy UEs for DL transmission. It is not beneficial to have different HARQ timing for the same DL subframe for legacy and eIMTA UEs. For example as shown in Figure 2, subframe #0, #1, #2, #5 and #6 are defined as the anchor subframes and the reference configuration is used to determine HARQ-ACK timing for DL subframe #0, #1, #5 and the HARQ timing for subframe #6 shall not be changed, e.g. as determined from the SIB1 configuration. 
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Figure 2: Anchor subframe example for all TDD UL-DL configurations
 Proposal 1: 

· A fixed or configurable reference configuration could be used to determine HARQ-ACK timing for PDSCH for eIMTA
· Reconfiguration should not change the anchor HARQ timeline and control mapping if the HARQ-ACK resource is always in the anchor UL subframe
2.2. PUSCH scheduling and PHICH timing
Similar to PDSCH HARQ transmission, there is potential conflict on PHICH timing and PUSCH scheduling when there is dynamic reconfiguration. We can also apply the reference configuration to determine UL HARQ timing. The UL reference configuration can be determined by choosing the TDD configuration whose DL subframes is a subset of the DL subframes of all the supported TDD UL-DL configurations. In other words the most UL heavy configuration can be selected as the UL reference configuration. In addition, if the DL subframe configured by the SIB1 configuration is not allowed to be reconfigured to UL subframe then the UL reference configuration is just the SIB1 configuration. 
However, different from DL PDSCH, PUSCH transmission is based on synchronous HARQ. If TDD configuration 0 and 6 are selected as the UL reference configuration, the RTT of PUSCH initial transmission and retransmission is not 10ms, and the UL retransmission would collide with the non-anchor subframe which has been reconfigured to DL. 
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Figure 3: UL HARQ suspension for retransmission collision
A simple solution is to use HARQ suspension. If eNB finds there is retransmission collision the HARQ process can be suspended by an ACK on PHICH and this HARQ process will be re-triggered by an UL grant with no toggle of NDI bit when there is an available UL subframe for this HARQ process. The proposed solution can work for both legacy UE and eIMTA UE and the only issue is the increase of the delay between initial transmission and retransmission. In some extreme case the latency can be up to 70ms, e.g. in case of only one UL subframe. However, this is implementation issue. The eNB should have the flexibility to determine number of UL subframes per frame to tradeoff between UL performance loss and DL traffic adaptation gain.
Proposal 2: 

· A reference configuration could be used to determine UL HARQ timing for eIMTA so that the UL grant and PHICH are only allowed in the fixed DL subframes
· HARQ suspension can be used if retransmission collides with a flexible subframe currently used as DL. Other solutions to improve UL HARQ RTT can be FFS.
2.3. PUCCH resource allocation
For LTE TDD system, PUCCH resource allocation is closely related with TDD configuration and the UL subframe on which PUCCH resource is reserved. As a result, the implicit derivation of PUCCH resource allocation can result to collision if the reference configuration for PDSCH HARQ timing is different from the SIB1 configuration used by legacy UE. 
For the example shown in Figure 4, the legacy UE is configured with TDD configuration #0 via SIB1 and the eIMTA UE is configured with TDD configuration #2 via dynamic reconfiguration signalling. Assuming TDD configuration #2 is also the reference configuration for PDSCH HARQ timing, the eIMTA UE will send the bundled HARQ-ACK of DL subframe 4, 5, 6 and 8 in the uplink subframe 2 and implicit PUCCH resources need to be allocated for PDCCH in each of the 4 DL subframes. For legacy UE, it needs to allocate implicit PUCCH resource in same UL subframe 2 for PDCCH in DL subframe 6 according to SIB1 configuration 0. In order to avoid the collision of implicit PUCCH resources between the legacy and eIMTA UE, new PUCCH resource mapping methods shall be designed for the eIMTA UE. A simple solution is to configure different parameters [image: image5.png])
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, but it results in low PUCCH resource efficiency as duplicated PUCCH are reserved for subframe 6. Other improved resource mapping methods could be considered also. For example, the pre-defined semi-static resource can be assigned to eIMTA UE instead of implicit resource determination. Another option is to reserve different PUCCH region for fixed DL subframe and flexible subframe as proposed in [3]. The advantage of this method is higher PUCCH resource efficiency but at the cost of the high specification impact. 
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Figure 4: PUCCH resource collision between legacy UE and eIMTA UE
Proposal 3: 

· New PUCCH resource mapping method should be designed for the eIMTA UE in order to avoid the potential resource collision between the legacy and eIMTA UE. 
2.4. HARQ-ACK feedback for PDSCH
For LTE TDD system, due to limited UL subframe resources, the HARQ-ACK for PDSCH of the multiple DL subframes will be combined to feedback in one UL subframe. UE can be configured with either PUCCH format 3 or format 1a/1b for the bundled HARQ-ACK feedback. In case of PUCCH format 1a/1b two HARQ-ACK feedback modes, e.g. bundling or multiplexing, can be supported by higher layer configuration. However, for UE that does not support aggregating more than one serving cell, only PUCCH format 1a/1b can be configured. Note also for TDD UL-DL configuration 5 only bundling is supported. As a result, for eIMTA UE that does not support aggregating more than one serving cell and dynamic reconfiguration does not exclude TDD UL-DL configuration 5, only HARQ-ACK bundling can be configured. Considering that the fixed and flexible DL subframes in the bundling set may have different interference environments, the HARQ-ACK bundling may not be an efficient method for transmission of HARQ-ACK. Furthermore, if separate CSI measurement for different types of subframes is not available the eNB has to use another separate rate control loop to estimate the CQI in the flexible DL subframes. In such case, the separate HARQ-ACK feedback for the fixed and flexible DL subframes is preferable.
Proposal 4: 

· Additional standard work needed be specified for HARQ-ACK feedback mode for eIMTA UE that does not support aggregating more than one serving cell. 
3. Conclusions
In this contribution, we discussed HARQ design for dynamic TDD UL-DL reconfiguration. Both HARQ timing and HARQ-ACK resource allocation and feedback were considered and the following proposals are made:
Proposal 1: 

· A fixed or configurable reference configuration could be used to determine HARQ-ACK timing for PDSCH for eIMTA
· Reconfiguration should not change the anchor HARQ timeline and control mapping if the HARQ-ACK resource is always in the anchor UL subframe
Proposal 2: 

· A reference configuration could be used to determine UL HARQ timing for eIMTA so that the UL grant and PHICH are only allowed in the fixed DL subframes
· HARQ suspension can be used if retransmission collides with a flexible subframe currently used as DL. Other solutions to improve UL HARQ RTT can be FFS.
Proposal 3: 

· New PUCCH resource mapping method should be designed for the eIMTA UE in order to avoid the potential resource collision between the legacy and eIMTA UE. 
Proposal 4: 

· Additional standard work is needed be specified for HARQ-ACK feedback mode for eIMTA UE that does not support aggregating more than one serving cell. 
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