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1. Introduction
In 3GPP RAN1#74 meeting, the following agreement was reached for DL HARQ timing in dynamic TDD UL-DL reconfiguration [1].
· Downlink HARQ timing follow a higher layer RRC configured TDD configuration
· At least configurations 2 and 5 can be selected
· FFS other configurations
It is further agreed that for UL HARQ timing it will be decided between two alternatives: 
· 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
In this contribution, we continue to discuss the remaining issues of HARQ for TDD eIMTA. 

2. Discussion
2.1. DL HARQ timing
When the reference configuration is used for DL HARQ timing there will be a limitation for the supported dynamic UL-DL configurations due to the assumption of UL to DL subframe conversion only. Table 1 below shows the supported UL-DL configuration list for the possible reference configurations of #2, #4 and #5. It can be seen that the difference between reference configuration #2 and #4 is whether to include configuration #3 (7DL: 3UL) for dynamic reconfiguration. As discussed in [2] there is a maximum of 10% packet throughput loss observed for restricted TDD UL-DL reconfiguration with 5ms switch point in low load region. This is mainly due to configuration #5 of the most DL heavy configuration not included for dynamic reconfiguration. It is expected that packet throughput performance of reconfiguration sets {0, 1, 2, 6} and {0, 1, 3, 4, 6} are close. In other words there would not be obvious packet throughput benefits with DL reference configuration #4 compared to reference configuration of #2.

Table 1: List of supported UL-DL configurations for reference configurations
	Reference configuration
	Supported TDD UL-DL configurations

	#2
	#0, #6, #1 and #2

	#4
	#0, #6, #1, #3 and #4

	#5
	all seven configurations



[bookmark: _GoBack]Meanwhile, there are issues with DL reference configuration #4, e.g., DL HARQ timing of configuration #4 is incompatible with that of configuration #0 (different HARQ-ACK timing for fixed DL subframe 0, 1, 5 and 6). This will have at least two impacts if configuration #1 is signalled in the SIB1. Firstly, PUCCH HARQ-ACK resources for PDSCH transmission in subframe 6 needs to be reserved in both uplink subframe 2 and 3 resulting in inefficient PUCCH resource allocation. Secondly, for legacy UE not supporting dynamic reconfiguration, only subframe 6 can be scheduled in the worst case resulting in performance degradation. 

Proposal 1: 
· Either UL-DL configuration #2 or #5 can be higher layer configured as reference configuration to determine DL HARQ timing for eIMTA.

2.2. UL scheduling and HARQ timing
Similar to DL HARQ timing, the UL scheduling timing and HARQ timing can also be based on the reference configuration. A straightforward way is to use the SIB1 UL-DL configuration to determine the UL scheduling and HARQ timing so that all the UL grant and HARQ-ACK are transmitted in the fixed DL subframes. However, as discussed in [3], if the configuration signalled in the SIB1 is #0 or #6 there is potential collision of UL retransmission with the flexible subframe which has been reconfigured to DL. The proposed HARQ suspension can solve this problem with increased round trip delay. 
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Figure 1: UL HARQ suspension for retransmission collision

Alternatively, it is proposed also to use the UL-DL configuration #1 as reference configuration for UL HARQ. Due to HARQ RTT of 10ms, there is no retransmission collision issue. The problem for configuration #1 is that UL scheduling grant and HARQ-ACK may transmit in a flexible UL/DL subframe and the boundary effect of UL HARQ timing conflict by dynamic reconfiguration cannot be avoided.
Observation 1: 
· Reference configuration based UL HARQ timing has inherent problems due to the synchronous HARQ mechanism.
Proposal 2: 
· Depending on implementation tradeoff, uplink scheduling and HARQ timing can follow a higher layer RRC configured TDD UL-DL configuration.
2.3. UL index and DAI bits
For LTE TDD there is a specific 2-bit field in PDCCH UL grant. Depending on UL-DL configuration the 2-bit field can be interpreted as either UL index or UL DAI (Downlink Assignment Index) bits. The UL index is only used for TDD UL-DL configuration #0 to determine the scheduling delay between PUSCH and associated UL grant. For UL-DL configuration 1~6 the 2-bit UL DAI in UL grant is used to indicate to UE the total number of scheduled DL assignments in the association set which helps UE to detect missing DL assignments and determine HARQ-ACK transmission on PUSCH. 
In case two different reference configurations are defined for UL and DL HARQ timing in eIMTA, there is an issue of how to interpret the 2-bit field in UL grant. If it is used as UL index as following the UL reference configuration, the lack of DAI leads to inefficient HARQ-ACK operation on PUSCH. On the other hand, if it is used as UL DAI bits as following the DL reference configuration there is no UL index for UL scheduling timing determination. Furthermore, since UL grant may not be transmitted in the last DL subframe of the association set, which is determined by DL reference configuration, how to interpret the content of UL DAI in UL grant needs further discussion. 
Proposal 3: 
· The UL index or UL DAI bits in PDCCH UL grant needs clarification when two different reference configurations are configured for UL and DL separately. 
2.4. PUCCH resource allocation
In LTE the PUCCH resource for HARQ-ACK is implicitly determined by the lowest CCE index of the corresponding PDCCH. For TDD, it is further determined by TDD UL-DL configuration. The implicit derivation of PUCCH resource allocation can result in collision in eIMTA since there are two different configurations for DL HARQ timing: one for eIMTA UEs and another for legacy UE. 
For the example shown in Figure 2, the legacy UE is configured with TDD configuration #0 via SIB1 and the eIMTA UE is configured with TDD configuration #2 for DL HARQ timing. As a result, the eIMTA UE will send the bundled HARQ-ACK of DL subframes 4, 5, 6 and 8 in UL subframe 2 and implicit PUCCH resources need to be allocated for PDCCH in each of the 4 DL subframes. For legacy UE, the implicit PUCCH HARQ-ACK resource for PDCCH in DL subframe 6 is allocated in the same UL subframe according to the SIB1 configuration #0. 
In order to avoid the collision of implicit PUCCH resources between the legacy and eIMTA UEs, new PUCCH resource mapping methods shall be designed for the eIMTA UEs. A simple solution is to configure different parameters , at the cost of low PUCCH resource efficiency as duplicated PUCCH are reserved for subframe 6. Other resource mapping methods could be considered. For example, the pre-defined semi-static resources can be assigned to eIMTA UEs instead of implicit resource determination. Another option is to use the shared PUCCH region for common DL subframes between legacy and eIMTA UEs as proposed in [4]. The advantage of this method is higher PUCCH resource efficiency at the cost of standards efforts. 



Figure 2: PUCCH resource collision between legacy UE and eIMTA UE

Proposal 4: 
· New PUCCH resource mapping method shall be designed for the eIMTA UE in order to avoid the potential resource collision between the legacy and eIMTA UEs.   
2.5. 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. PUCCH format 3 can be configured when UE supports aggregating more than one serving cell. In case of PUCCH format 1a/1b two HARQ-ACK feedback modes, e.g. bundling or multiplexing, can be configured by higher layer signalling.
Note for TDD UL-DL configuration 5 only bundling is supported. So if configuration #5 is used as DL HARQ reference configuration, only HARQ-ACK bundling can be configured for eIMTA UE not supporting aggregation of more than one serving cell, which may cause DL throughput loss due to time-domain bundling. Furthermore, configuration #5 for DL HARQ timing requires HARQ-ACK feedback for 9 DL subframes in one UL subframe causing large UL control overhead, which is less efficient since not all 9 DL subframes are always configured as DL during dynamic reconfiguration.  
To improve HARQ-ACK feedback efficiency supporting PUCCH format 3 can be mandatory for eIMTA UE. However, it is still less efficient and more likely to invoke spatial bundling which happens when the HARQ-ACK payload size is larger than 20 bits. Alternatively, HARQ-ACK codebook size or number of HARQ-ACK bits can be determined based on the number of actual DL subframes in the association set e.g. by dynamic reconfiguration signalling. 
To improve HARQ-ACK bundling performance we can also consider separate HARQ-ACK bundling for the fixed and flexible DL subframes. The bundled HARQ-ACK of fixed and flexible DL subframe set can be multiplexed using PUCCH format 1b with channel selection. The motivation is potential different interference in the fixed and flexible DL subframes, for which time domain bundling over all DL subframes in the association set is not an efficient solution. In addition, the separate feedback is also beneficial for eNB to apply two separate rate control loops.

Proposal 5: 
· New HARQ-ACK feedback for PDSCH shall be designed for more efficient operation of eIMTA including dynamic HARQ-ACK codebook size. 

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: 
· Either UL-DL configuration #2 or #5 can be higher layer configured as reference configuration to determine DL HARQ timing for eIMTA.
Proposal 2: 
· Depending on implementation tradeoff, uplink scheduling and HARQ timing can follow a higher layer RRC configured TDD UL-DL configuration.
Proposal 3: 
· The UL index or UL DAI bits in PDCCH UL grant needs clarification when two different reference configurations are configured for UL and DL separately. 
Proposal 4: 
· New PUCCH resource mapping method shall be designed for the eIMTA UE in order to avoid the potential resource collision between the legacy and eIMTA UEs. 
Proposal 5: 
· New HARQ-ACK feedback for PDSCH shall be designed for more efficient operation of eIMTA including dynamic HARQ-ACK codebook size.
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