[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK6][bookmark: OLE_LINK7]3GPP TSG-RAN WG1 #76     	                                R1-140440
February 10th – 14th, 2014
Prague, Czech Republic

Agenda item:    7.2.1.4
Source:             Qualcomm Incorporated
Title:                  HARQ-ACK feedback on PUCCH for TDD eIMTA
Document for:  Discussion/Decision 

1. Introduction
In the RAN1#74b and RAN1#75 meeting, some agreements and conclusion were reached for TDD eIMTA HARQ design.
· Agreement on DL:
· Downlink HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}
· For UEs configured with eIMTA and CA, up to 2 CCs with DL HARQ reference configuration #5 can be supported
· Conclusion on DL:
· FFS whether or not to specify a set of valid combinations between L1 signaled configurations and DL/UL HARQ reference configurations
· FFS at least the following issues:
· Supported PUCCH format(s) for eIMTA enabled UEs and for the supported PUCCH format(s), the corresponding design details. Potential PUCCH formats include:
· ACK/NAK bundling
· PUCCH format 1b with channel selection
· PUCCH format 3
· Whether or not to standardize solutions resolving PUCCH resource collision issues, and if so, detailed solutions
· For UEs configured with eIMTA and CA, how to handle the case when two or more CCs have different HARQ reference configurations for both DL and UL
In this contribution, we discuss some remaining details of HARQ-ACK transmission on PUCCH for TDD eIMTA. 

2. Discussion
2.1. PUCCH format for TDD eIMTA
Three types of HARQ-ACK transmission schemes are defined on PUCCH: HARQ-ACK bundling, HARQ-ACK multiplexing (or format 1b with channel selection) and PUCCH format 3. The application of HARQ-ACK transmission scheme is higher layer configured by RRC signalling but also dependent on UE capability of supporting aggregation of more than one serving cell and the number of configured serving cells as illustrated in Table 1. There are also some restrictions with the application of the HARQ-ACK transmission scheme. For example, HARQ-ACK multiplexing or PUCCH format 1b with channel selection is not supported for TDD UL-DL configuration 5. When the UE is configured with more than one serving cells with same TDD UL-DL configuration 5, PUCCH format 3 is only supported for up to two configured serving cells. 
Table 1: HARQ-ACK transmission schemes in LTE system
	
	Non-CA capable UE
	CA capable UE

	
	
	One CC
	Two or more CCs

	HARQ-ACK bundling
	√
	√
	-

	HARQ-ACK multiplexing
	√
	-
	-

	PUCCH format 1b with channel selection
	-
	√
	√

	PUCCH format 3
	-
	√
	√


For TDD eIMTA, the downlink HARQ timing follows a higher layer configured reference configuration which can be 2, 4, or 5. TDD UL-DL configuration 5 is highly likely to be used as DL HARQ reference configuration since it allows maximum traffic adaptation capability. Based on the current specification, this means only HARQ-ACK bundling can be used for a non-CA capable UE when DL HARQ reference configuration is 5. In some papers [1, 2] it was proposed to use PUCCH format 3 for eIMTA UE, e.g. Rel-12 UEs supporting TDD eIMTA shall also support PUCCH format 3. However, there are some limitations to use PUCCH format 3 for TDD UL-DL configuration 5. Firstly, the larger HARQ-ACK payload of 18 bits requires a SNR of ~0 dB or more according to [2]. Secondly, the number of user multiplexing in one RB for PUCCH format 3 is limited to maximum 5 UEs/RB. Although considering that the typical scenario for TDD eIMTA is small cell with less active users and UE is less likely to be power limited, there are practically some UEs that cannot achieve SINR above 0 dB. Furthermore, if PUCCH is transmitted in subframe 3 which may experience strong eNB-to-eNB interference depending on the configuration of neighboring cell, the choice to use PUCCH format 3 is not sensible. Note that PUCCH format 3 is not optimized for TDD configuration 5 since if it is so then it shall be added to configuration 5 in Rel-10. Considering tight schedule for eIMTA the optimization of PUCCH format 3 seems not possible either. Therefore, PUCCH format 3 shall not be mandatory for TDD eIMTA UE. 
Proposal 1: No spec change is required for PUCCH format 3 support. The existing restriction shall be applied also to eIMTA UEs, e.g. only TDD CA-capable UE is mandatory to support PUCCH format 3.
Proposal 2: All existing PUCCH formats shall be allowed to be configured for HARQ-ACK feedback for TDD eIMTA.   

2.2. PUCCH resource collision 
In LTE system implicit PUCCH resource determination is applied for HARQ-ACK bundling, PUCCH format 1b with channel selection and/or the fallback operation of PUCCH format 3 when UE only receives a PDCCH with DL DAI value equal to 1. For TDD, implicit resource allocation is further dependent on the UL-DL configuration. Hence, if different TDD UL-DL configurations are used as reference configuration to feedback HARQ-ACK for legacy and eIMTA UEs, HARQ-ACK resource collision may happen. For the example shown in Figure 1, the legacy UE is configured with TDD configuration 0 via SIB1 and the eIMTA UE is configured with configuration 2 for determining the PUCCH resources. In subframe #2, eIMTA UE will send the bundled HARQ-ACK for DL subframes #4, #5, #6 and #8 and implicit PUCCH resources need to be reserved for each of the 4 DL subframes. For legacy UE, the implicit PUCCH HARQ-ACK resource for DL subframe #6 is allocated in the same UL subframe according to the SIB1 configuration 0. Cleary, the same PUCCH resource may be allocated for legacy and eIMTA UEs according to the existing implicit PUCCH resource mapping mechanism. 

[image: ]
Figure 1: PUCCH resource collision between legacy UE and eIMTA
2.3. PUCCH resource mapping for TDD eIMTA
In this section, some candidates for PUCCH resource collision avoidance are addressed. Similar discussions were also given [3-7]. 
Option 1: separate PUCCH resource region for legacy and eIMTA UEs
The simplest way to avoid PUCCH resource collision is to separate the PUCCH resource region for legacy and eIMTA UEs, e.g. by configuring a different starting offset  for eIMTA UE. However, this solution will introduce unnecessary PUCCH resource overhead. For example, PUCCH resources for DL subframe #6 are reserved twice.  
Option 2: New resource mapping for eIMTA UEs
For common DL subframes between the DL association sets of legacy and eIMTA UEs, single PUCCH resource region is reserved. Both legacy and eIMTA UEs will use the Rel-8 resource mapping rule to determine the PUCCH resource e.g. under the same DL association set by the SIB1 UL-DL configuration. For the remaining DL subframes in the DL association set of DL reference configuration, a new PUCCH resource region is defined which is block interleaved by the same scheme of Rel-8. As shown in Figure 2, PUCCH resource region for DL subframe #4, #5 and #8 are allocated separately for eIMTA UEs. The starting offset for new resource region can be signalled or implicitly determined based on the assumption that the new resource region is located next to the legacy PUCCH resource region. The implicit determination of the starting offset has the benefit at certain scenario. For example, when the SIB1 configuration is 0 and the DL reference configuration is 4 there is no legacy PUCCH resource region in UL subframe #3 and the implicit determination of the starting offset will assume zero offset for new PUCCH resource region thus saving PUCCH overhead in subframe #3. 
Compared to Option 1, this solution provides higher resource utilization since only one PUCCH resource region is reserved for common DL subframes. However, PUCCH resources are reserved for all the DL subframes of the DL reference configuration. If some of the DL subframes are used as UL subframes the PUCCH resource for these subframes cannot be released for PUSCH transmission. Therefore, the PUCCH resource mapping can be further optimized by including only the actual used DL subframes according to the dynamic UL-DL configuration as given by Option 2a in Figure 2. In other words, the DL association set for new resource region is dynamically determined from the actually used UL-DL configuration thus no PUCCH resource reserved for the DL subframes which have been reconfigured to UL subframes. 
Option 3: different PUCCH resource region for fixed DL and flexible DL subframes
This solution was described as Option 3 in paper [5]. Compared to Option 2, the fixed DL subframe in the DL association set of the DL reference configuration is allocated firstly and followed by resources for flexible DL subframes. The main benefit for such mapping is that the PUCCH resources for flexible DL subframes can be allocated to PUSCH if flexible subframes are used as UL subframes. However, some drawbacks are also observed. For example, the block interleaving can only be applied with fixed DL subframes and flexile DL subframes respectively as shown in Figure 2. That is, when the number of PDCCH symbols in DL subframe #5 is less than three, the 3rd part of PUCCH resource for DL subframe #5 cannot be used for PUSCH resulting in inefficient resource utilization.
Option 4: Explicit resource allocation for eIMTA UEs
In this solution, the PUCCH resources for eIMTA UEs are explicitly signalled. eNB can configure orthogonal resources for eIMTA UEs via higher layer signalling to avoid resource collision with legacy UEs.  Furthermore, it can be optimized to assign explicit resources only for the DL subframes that are not common between two DL association sets with implicit resource allocation used for common DL subframes. However, the overhead is still large, especially when UL-DL configuration 5 is configured as DL HARQ reference configuration. In such case up to 8 resources need to be reserved for each eIMTA UE. Secondly, when HARQ-ACK bundling is used as feedback format additional L1 signalling is required to indicate which explicit resource is used for the bundled HARQ-ACK transmission. 
Proposal 3: New PUCCH resource mapping method for eIMTA UE shall allow reusing the PUCCH resources reserved for flexible subframes which are actually reconfigured as UL subframes.   
Proposal 4: Consider Option 2 as PUCCH resource allocation method for eIMTA UEs   


Figure 2: PUCCH resource allocation between legacy and eIMTA UEs

3. Conclusions

[bookmark: _GoBack]This contribution discussed HARQ-ACK transmission on PUCCH in eIMTA. The following proposals are made:
Proposal 1: No spec change is required for PUCCH format 3 support. The existing restriction shall be applied also to eIMTA UEs, e.g. only TDD CA-capable UE is mandatory to support PUCCH format 3.
Proposal 2: All existing PUCCH formats shall be allowed to be configured for HARQ-ACK feedback for TDD eIMTA.   
Proposal 3: New PUCCH resource mapping method for eIMTA UE shall allow reusing the PUCCH resources reserved for flexible subframes which are actually reconfigured as UL subframes.   
Proposal 4: Consider Option 2 as PUCCH resource allocation method for eIMTA UEs, i.e., reusing Rel-8 mechanism for the common DL subframes between the DL association sets of legacy and eIMTA UEs, and defining a separate PUCCH resource region for the remaining DL subframes in the DL association set of DL reference configuration.    
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