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Discussion and decision
1 Introduction

In RAN1#74 meeting, some agreements were achieved about HARQ timing issue for eIMTA [1]. On DL HARQ,
· Downlink HARQ timing follow a higher layer RRC configured TDD configuration

· At least configurations 2 and 5 can be selected

· FFS other configurations

On UL scheduling/HARQ, two candidate solutions are suggested to be studied further with considerations on DL-to-UL conversion, including

· 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 will show our considerations on remaining issues about eIMTA HARQ, including DL/UL reference configurations and PUCCH resource allocation.
2 DL-reference configuration
Following the principle of semi-static reference configuration, in order to achieve the maximum gains from dynamic UL-DL reconfiguration, UL-DL configurations with the most DL subframes and UL subframes are preferred to be used as DL-reference configuration and UL-reference configuration respectively. Therefore, for DL-reference configuration, it is natural to allow network to select UL-DL configuration #5. But in this case, the number of aggregated carriers should be no more than 2 for a given UE. To avoid such limitation, it makes sense to permit UL-DL configuration #2 to be used as DL-reference configuration at the cost of one DL subframe loss. However, even UL-DL configuration #2 is available for eIMTA CC to be configured as DL-reference configuration, carrier aggregation limitation can not be avoided completely. For some carrier aggregation cases, it is valuable to consider UL-DL configuration other than #2 and #5 to be used as DL- reference configuration.
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Fig.1(a)
PCC with fixed UL-DL Conf. #4, SCC with eIMTA and UL-DL Conf. #2
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Fig.1(b)
PCC with fixed UL-DL Conf. #4, SCC with eIMTA and UL-DL Conf. #4
For example shown in Fig.1(a), assuming that R12 UE is configured with 2 carriers, where PCC is not an eIMTA-CC and UL-DL configuration #4 is indicated by SIB-1, and SCC is enable with eIMTA and UL-DL configuration #2 is used as DL-reference configuration. If SCC is configured to be scheduled by PCC, according to the specification of R11, SCC has to use UL-DL configuration #5 as DL-reference configuration, which means that carrier aggregation limitation still appears, i.e. the maximum number of aggregated carrier is 2. Moreover, subframe #3 of SCC can not be scheduled always even it is switched to be DL subframe, that is to say, the maximum achievable throughput of DL will also be reduced definitely. However, if the SCC uses UL-DL configuration #4 as DL-reference configuration which can provide same DL-to-UL traffic ratio as UL-DL configuration #2, as shown in Fig.1(b), both PCC and SCC will use UL-DL configuration #4 to determine DL-HARQ timing. It can be found that problems mentioned above will disappear, i.e. there is no limitation on the maximum number of aggregated carriers and even no DL throughput loss. Therefore, UL-DL configuration #4 is quite beneficial for eIMTA when it operates with carrier aggregation together, and should be permitted to be configured as DL-reference configuration.
· Proposal 1:
For DL-reference configuration, UL-DL configuration #4 should be allowed, in order to avoid carrier aggregation limitation and DL throughput loss.
3 UL-reference configuration

In order to maintain the RLM/RRM performance of legacy UE, a DL subframe indicated by SIB-1 or RadioResourceConfigCommonSCell IE is not expected to be changed to an UL subframe. However, it has been proposed that the backward compatibility will not be destroyed after DL-to-UL change if the DL subframe is configured as an MBSFN subframe, where PUSCH is transmitted on MBSFN region. However, although more flexibility of traffic adaption can be provided by such solution, significant specification impact can not be avoided, including shorten PUSCH with modified TBS determination, shorten PUCCH format design and possible new UL-DMRS pattern design etc.. Therefore, it is not preferred to allow a DL subframe indicated by SIB-1 or RadioResourceConfigCommonSCell IE to be changed to an UL subframe in R12.
· Proposal 2:
DL subframe indicated by SIB-1 or RadioResourceConfigCommonSCell IE should not be changed to an UL subframe.
Under the assumption that DL-to-UL change is forbidden, the UL-DL configuration indicated by SIB-1 or RadioResourceConfigCommonSCell IE can be confirmed as the UL-heaviest UL-DL configuration among available UL-DL configurations. Therefore, in order to achieve the maximum flexibility of traffic adaption, the UL-DL configuration indicated by SIB-1 or RadioResourceConfigCommonSCell IE is suggested as the UL-reference configuration for eIMTA UE. Besides that, simplicity, less specification effort and better backward compatibility are also the motivation to use SIB-1 configuration as UL-reference configuration.
· Proposal 3:
Uplink scheduling timing and HARQ timing follow configuration signalled in SIB1.
4 PUCCH resource allocation
For TDD system, PUCCH resource allocation is based on UL-DL configuration and PUCCH resources are reserved for all related DL subframes in an interleaving way. According to higher-layer configured starting position 
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 and the number of first CCE of a PDCCH, the PUCCH 1a/1b resource can be implicitly derived for a given PDCCH. However, when legacy UEs and eIMTA UEs are served simultaneously in a cell, PUCCH resource collision might occur because SIB-1 configuration is used by legacy UEs but a different DL reference configuration is used by eIMTA UEs.
As shown in Fig.2, it is assumed that UL-DL configuration #0 indicated by SIB-1 is used by legacy UEs, and UL-DL configuration #2 is assigned to eIMTA UEs as DL-reference configuration. For legacy UEs, only subframe #6 requires PUCCH resources to be reserved in subframe #2, but for eIMTA UE, subframe #2 has to reserve PUCCH resources for four DL subframes with subframe index ordering as #4, #5, #8, #6. If same starting position parameter 
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 is used by legacy and eIMTA UEs, it is obvious that PUCCH resource collision will occur.
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Fig.2
PUCCH resource collision in eIMTA
In order to solve this problem, two options can be expected basically, i.e.
· Opt.1
Non-overlapping PUCCH resources are allocated for legacy and eIMTA UEs

· Opt.2
New PUCCH resource allocation is designed for DL subframes other than legacy subframes determined by SIB-1 configuration.
Opt.1 is a simple solution which can be realized by configuring different parameter 
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 for legacy and eIMTA UEs. No additional specification impact is the main advantage of this option. However, double PUCCH resources reserve can be found for subframe #6, which will decrease the PUCCH resource efficiency. In Opt.2, as shown in Fig.3, PUCCH resource allocation related with subframe #6 is kept following SIB-1 configuration, but new PUCCH resource allocation is introduced for subframes #4, #5, #8 and connected with PUCCH resources of subframe #6. With Opt.2, no additional PUCCH overhead can be found, but of course it will cost some specification efforts. Maintained with legacy PUCCH resource allocation, subframe #6 can act as a fallback subframe for eIMTA UE, which is beneficial for confusion problems that might appear in some cases e.g. eIMTA activation /deactivation, and no additional processing is needed in network side. Therefore, in our view, it is suggested to consider new PUCCH resource allocation design for eIMTA.
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Fig.3
PUCCH resource allocation on subframe #2

· Proposal 4:
To avoid additional PUCCH overhead, new PUCCH resource allocation is suggested for DL subframes other than legacy subframes determined by SIB-1 configuration
5 Conclusions
In this contribution, eIMTA HARQ issues have been discussed and we have presented proposals as follows,

· Proposal 1:
For DL-reference configuration, UL-DL configuration #4 should be allowed, in order to avoid carrier aggregation limitation and possible DL throughput loss.

· Proposal 2:
DL subframe indicated by SIB-1 or RadioResourceConfigCommonSCell IE should not be changed to an UL subframe.
· Proposal 3:
Uplink scheduling timing and HARQ timing follow configuration signalled in SIB1.

· Proposal 4:
To avoid additional PUCCH overhead, new PUCCH resource allocation is suggested for DL subframes other than legacy subframes determined by SIB-1 configuration
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