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1. Introduction

During RAN1 #70 significant progress was made within the area of HARQ-ACK transmission for different UL/DL configuration for inter-band TDD. Based on the agreement we see that there are the following open issues:

PUCCH format 3 

· HARQ-ACK transmission in case cross-carrier scheduling is configured
PUCCH format 1b with channel selection

· HARQ-ACK transmission in case cross-carrier scheduling is configured

· For the case when any of the (Mp, Ms) is zero
· For the handling of overlapping states

In this contribution we discussion theses above topics and propose how to resolve each individual topic.

2. Discussion

2.1. PUCCH format 3

During the RAN1 #70 meeting a working assumption was taken for PDSCH scheduling/HARQ timing that give that an secondary cell shall follow the primary cells scheduling/HARQ timing [1]. 

Working assumption:

· Applicable for cases B, C and D

· Follow P-Cell timing for PDSCH, regardless of the number of aggregated CCs

The working assumption gives a scheduling/HARQ timing according to Figure 1. If the agreements at RAN1 #70 is combined with the agreements from RAN1 #69 it gives that the UE should generate HARQ-ACK bits for number of DL subframes available in the HARQ-ACK feedback window that is possible to scheduling. In essence the design is complete so what is needed is to adopt the same design for the cross-carrier PUCCH format 3 design as for self-scheduling. A further analysis is available in [2].

Proposal:

· Working assumption from RAN1 #70 on cross-carrier scheduling is confirmed

· If PUCCH format 3 and cross-carrier scheduling is configured, the procedure is the same as for self-scheduling and PUCCH format 3
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Figure 1: Cross-carrier scheduling of different UL/DL configurations
2.2. PUCCH format 1b with channel selection

For PUCCH format 1b with channel selection and cross-carrier scheduling, the same principle applies as for PUCCH format 3, hence the same proposal. 

Proposal:

· Working assumption from RAN1 #70 on cross-carrier scheduling is confirmed

· If PUCCH format 1b with channel selection and cross-carrier scheduling is configured, the procedure is the same as for self-scheduling and PUCCH format 1b with channel selection
During RAN1 #70 two points was brought up to further study in the design PUCCH format 1b with channel selection. The first topic was whether some optimizations should be made in case any of the (Mp, Ms) is zero, in addition to the current agreed PUCCH format 1b with channel selection scheme design. In [3] we provided an analysis of different values of M for the primary cell respective the secondary cell. The further study point from RAN1 #70 is target whether to optimize a subcase of these,i.e. min(Mp, Ms)= 0 that relates to section in [3] is 2.1. When deciding whether we should optimize these cases or not we should consider how common these cases are and secondly whether and optimization can be made for them or not.

Based on [3] we observer that for all cases except (1, 0) the occurrences is very small. On top this, most of these cases already are designed in an optimized manner. Therefore we now continue to study whether the combination (1,0) would motivate any optimization and where the underlying issues is. In a case by case study.
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· If SCell is configured for 1TB, transmission mapping is derived from A=2 mapping:
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· If SCell is configured for 2TB, transmission mapping is derived from A=3 mapping:
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If PCell is configured for 2TB, 
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 are given. Transmission mapping from the following two sub-cases are equivalent to the optimal solution of Rel-10 A=2 mapping:

· If SCell is configured for 1TB, transmission mapping is derived from A=3 mapping:
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· If SCell is configured for 2TB, transmission mapping is derived from A=4 mapping:
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We can observer based on the channel selection tables that the all cases except when we have 1 TB configured on the primary cell and 2 TBs configured on the secondary cell is already optimally design and not further enhancements are needed. In essence there is only one single case that we should discussion whether to optimize or not. If we study this case further and consider Rel-10 behaviour, i.e. the same UL/DL configuration with 1 TB configured for the primary cell and 2 TBs configured for the secondary cell we see that transmission of primary cell only, does not support Rel-8 fallback. In essence this is error in the Rel-10 HARQ design. Based on this we see that this specific case should be correct in the Rel-10 specification instead of requiring specific handling of a certain case in Rel-11 specification, if it at all should be addressed. 

The second further study point from RAN1 #70 for PUCCH format 1b with channel selection was whether some of the overlapping states in the mapping tables should be optimized, for as proposed in [4]. In [4] it is proposed to optimize the following cases:

·    In case of min{Mp,Ms}=2 and max{Mp,Ms}=4, the state of “ACK,NACK” and “NACK,ACK” for the serving cell  with min{Mp,Ms}=2 are, respectively, mapped to “ACK,DTX,DTX, DTX” and “ACK,ACK,ACK, NACK/DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2), HARQ-ACK(3)}.

·    In case of min{Mp,Ms}=2 and max{Mp,Ms}=3, the state of “NACK,ACK” for the serving cell with min{Mp,Ms}=2 is mapped to “ACK,ACK,ACK” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.
·    In case of min{Mp,Ms}=3 and max{Mp,Ms}=4, the state of “ACK,NACK, any” for the serving cell with min{Mp,Ms}=3 is mapped to “ACK,DTX,DTX,DTX” for {HARQ-ACK(0),HARQ-ACK(1),HARQ-ACK(2)}.

We observer based on [3] that some of the combinations do not exist or exist in very few cases and hence would not motivate the extra complexity to optimize the specific aggregation scenarios when designing the channel selection scheme for Rel-11. We further observer that the proposed optimization in enhancement property is different between the different cases, for the case of min{Mp,Ms}=3 and max{Mp,Ms}=4 the proposed enhancement gives it possibility for the eNB to distinguish the case of [ACK, NACK, any] from [NACK, any, any]. So it is only the first subframes HARQ-ACK that is distinguishable. For the case of min{Mp,Ms}=2 and max{Mp,Ms}=4 the current specification would mandate subframe bundling, i.e. the case of [ACK, NACK] and [NACK, ACK] is not distinguishable. This case is then seen as more server and is therefore studied further in this contribution. 

We see that the proposed optimization for (2, 4) and (4, 2) gives that the UE will essentially not perform subframe bundling on the Scell with M = 2. In [4] among other topics the loss of subframe bundling has been evaluated. It is observed for 2 subframe bundling loss is roughly 4.5 % at low speed (3km/h) and 20% at higher speed (120 km/h). One should note that this performance figures assumes that subframe bundling is always performed on all subframe. In practice this will not be the case as one has to consider also the DL subframes on the other cell as well as any additional DL subframe on the cell with M=2 that does not have (4,2) or (2, 4) HARQ feedback window. This is then a case per case study. If we as an example consider that the UE aggregates UL/DL configuration 1 (Pcell) and UL/DL configuration 2 (Scell), it will be 4 out of total 14 DL subframes that can be optimized with the proposed solution. This would be roughly 30%. If we assume that the channel selection tables in other combination do not perform any subframe bundling we see that the total gain on system level is roughly 1.4 % (3 km/h) and 6 % (120 km/h). The relative gain of the proposed optimization is in that sense not significant in magnitude. In addition one should also consider that subframe bundling is also performed within the PUCCH format 1b channel selection design for M=4 and M=3 already. If it is seen important to not suffer the loss of bundling subframes together when for example operating in a high speed scenario a TDD UE can always be configured with PUCCH format 3 instead of PUCCH format 1b with channel selection by the network. 
Proposal:
· For the case when any of the (Mp, Ms) is zero and for the handling of overlapping states no optimization is introduced
3. Conclusion

In this contribution we have discussed the reaming issues when it comes to HARQ-ACK transmission for CA with different TDD UL/DL configuration. Based on the discussion we propose

· Working assumption from RAN1 #70 on cross-carrier scheduling is confirmed

· If PUCCH format 3 and cross-carrier scheduling is configured, the procedure is the same as for self-scheduling and PUCCH format 3

· If PUCCH format 1b with channel selection and cross-carrier scheduling is configured, the procedure is the same as for self-scheduling and PUCCH format 1b with channel selection

· For the case when any of the (Mp, Ms) is zero and for the handling of overlapping states no optimization is introduced
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