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1 Introduction

After some fruitful discussions at the RAN1#71 meeting, the compromised solution, employing both antenna port offset and ACK/NACK resource offset (ARO) indication, has been adopted for the PUCCH resource allocation. However, there are still some open issues remain for TDD system. During the offline email discussion, the following work assumptions have been achieved, while all the square-bracketed aspects are left to be revisited at RAN1#72 meeting.
· [The ARO bits are set to zero if DAI>1 and UE is configured with PUCCH format 3.]

· [The PUCCH resource allocation is based on all subframes.]

· For the ARI values, {[-2], [-1], 0, 2}.  (i.e. the values 0 and 2 are agreed).

In this contribution, we provide our considerations and recommendations on these remaining open issues.
2 Discussion

2.1 ARO for DAI > 1
PUCCH format 3 ACK/NACK feedback was introduced in Rel-10, where the 2 bits TPC within DCI act as ACK/NACK Resource Index (ARI) to decide the resource index of PUCCH format 3.
Two bits of ACK/NACK Resource Offset (ARO) were introduced to adjust the PUCCH resource of ACK/NACK for EPDCCH in Rel-11. According to the agreement of RAN1#71, for EPDCCH transmitted in SCell, the resource allocation mechanism is same as Rel-10. The ARO bits are set to zero, which could provide the virtual CRC function.
As discussing, in TDD if DAI > 1 and UE is configured with PUCCH format 3, there are two options to set the 2 ARO bits:
1) The ARO bits are set to zero if DAI>1.
2) The ARO bits are used as Rel-10 ARI if DAI > 1. The TPC field is reverted back for UL power control as Rel-8/9.
Option 1) is a cleaner solution to have a uniform definition for ARO in both cases DAI=1 and DAI>1, and the same ARI mechanism from Rel-10 are maintained. In contrast, from a UE perspective, the ARO bits may be set to any when DAI=1 in the first DL Grant, that means there is no virtual CRC gain in this subframe.
On the other hand, Option 2) has the benefit to use the TPC field of DCI to accommodate the accumulative power control for PUCCH as Rel-8/9. However, as the ARI mechanism is working well, the gain of option 2) using TPC field for power control may be not necessary. Moreover, Option 1), in the following DL grant with DAI greater than ‘1’ within the bundling window, can still provide the benefit of virtual CRC, because the ARO bits are always set to zero as well in this case.
Proposal 1: For UE configured with PUCCH format 3, and DAI > 1 in EPDCCH of TDD, the same ARI mechanism as in Rel-10 should be maintained and the ARO bits shall be set to zero.
2.2 PUCCH resource allocation for TDD
Unlike the PDCCH, where the PUCCH resources can be uniformly reserved for all the UE across all the subframes, the PUCCH resources reserved for the UE-specific EPDCCH depend on which subframes are configured for EPDCCH monitoring. There are basically two options for deriving the number of PUCCH resources for EPDCCH [2]:

1) in proportion to the total number of associated DL subframes (i.e. regardless of which USS the UE monitors in the subframe), or

2) in proportion to the number of DL subframes configured for UE to monitor the USS on EPDCCH.


[image: image1]
Fig. 1: A/N resource association for EPDCCH in TDD (format-2/3 not considered).
Option 1) is a simple and straightforward solution. In contrast, some companies propose to adopt Option 2 during the email discussion. The claimed benefit of it is mainly on the overhead compression. One example is illustrated in Fig. 1, where there are four DL subframes, three of which are configured to monitor EPDCCH USS. In Option 1), PUCCH resources are reserved for all the four DL subframes, while for only three subframes in the case of Option 2). In this case, Option 2) seems to have some advantage on reduction of the PUCCH overhead.
However, such benefit of resource compression is not that obvious to us. In our opinion, the more general and typical use case is that all the subframes in the bundling window are configured for UE to monitor EPDCCH. In this case, Option 2) actually does not have gain over the other candidate option. On the other hand, even if subframe-specific EPDCCH (i.e. only a subset of the DL subframes) are configured for some minor cases, e.g. the employment of eICIC, PRS, etc, it is unlikely that all the UEs in the cell share the same configuration. If, for instance, the cell-edge UEs are configured to monitor only a subset of the DL subframe in conjunction with ABS, the cell-center UE probably are still configured to monitor EPDCCH on all the DL subframes. Consequently, from system perspective, the PUCCH resources corresponding to those subframes not monitored by some UEs are likely to be reserved for other UEs anyway. As a result, the attractable overhead saving can hardly be obtained. Moreover, by properly designing the ARO offsets, as will be discussed in the following section, the overhead saving may still be possible.
Last but not least, it is worth noting that, different UEs may have different understandings on which subframe should be used to monitor EPDCCH, due to, e.g. PMCH, etc, which may result in some ambiguity on which A/N resource should be used. In this sense, Option 1) is preferred as it simplifies the system design. Further, it maintains the same UE behaviour in Rel-10 as deriving the PUCCH resource for PDCCH, which can also simplify the implementation. Therefore, we prefer to include all the DL subframes for PUCCH resources associated to EPDCCH.

Proposal 2: The number of PUCCH resources reserved for EPDCCH should be in proportion to the total number of DL subframes in the system associated with the UL subframes, i.e. the working assumption that PUCCH resource allocation is based on all DL subframes should be confirmed.

For TDD multiplexing, there is grouping permutation scheme between subframes to compress PUCCH resources with variant CFIs for PDCCH. However, EPDCCH may have to sequential concatenating between subframes per EPDCCH set independently because the total number of ECCE is fixed. An example illustrated in Fig. 2 is a simple way to implement the sequential concatenating for EPDCCH set p.
[image: image2.png]



                            Fig. 2: PUCCH resource concatenation for EPDCCH Set p
Base on the PUCCH resource determination for FDD, the equation should be defined in Eq. (1) for EPDCCH set p of subframe 
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                  Eq. (1)
Where 
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 is defined as the same with FDD in [1] for localized or distributed EPDCCH set p independently for subframe 
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 is the ARO offset.
2.3 ARO offset values for TDD
The remaining issue to be resolved is to determine the exact ARO offset values for TDD, i.e. the details of 
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Some companies prefer to reuse the offset values of FDD also for TDD, in order to maintain a unified ARO definition. Although it is beneficial to maintain a unified design, it is worth noting that the motivations of introducing ARO for TDD are different from those of FDD. In order to achieve the overhead compression for PUCCH resource across subframes in the bundling window, it is reasonable to have different ARO values for FDD and TDD. Therefore, instead of a same set of offset values to be used in TDD, it is more flexible to design different offsets for different scenarios, depending on the size of the bundling window. More especially, in the case that only the resources corresponding to a single subframe are reserved (similar to the FDD case), the ARO offsets of FDD are reused for TDD. Otherwise, large negative offsets are supported for overhead compression among subframes, if the resources corresponding to more than one subframe are reserved.
The solution of ARO values 
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 for PUCCH resource compression within different DL subframes as showed in the curves of Fig. 2, 
if      i = 0,   2 negative values of 
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else if  i = 1,   2 negative values of 
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else    i >= 2,  2 negative values of 
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Proposal 3: Different ARO offset values are supported for TDD depending on the bundling window, as defined in Eq. (2).
For TDD bundling, Rel-10 mechanism should be maintained, which transmits the A/N feedback according to the DL control channel of the last subframe where UE detects a valid DCI. More specifically, if the DCI is detected in subframe n - km, where km is the smallest value in set K, by the UE of which the subframe n - km is configured to monitor the EPDCCH. Then the bundled A/N feedback is sent in the PUCCH resource associated with the EPDCCH which is calculated as Eq. (1). Otherwise, the bundled A/N feedback is sent in the PUCCH associated to the PDCCH which is calculated as Rel-10 does.

Proposal 4: If ACK/NACK bundling is configured, the PUCCH resource is derived from the DL control channel where the DCI is detected in the subframe n - km, where km is the smallest value in set K. The PUCCH resource index is determined by Eq. (1) for EPDCCH or Rel-10’s equation for PDCCH.
3 Conclusion

In this contribution, we provide our views on the detailed design on PUCCH resource allocation with EPDCCH for TDD. Based on the discussions, we propose that:

Proposal 1: For UE configured with PUCCH format 3, and DAI > 1 in EPDCCH of TDD, the same ARI mechanism as in Rel-10 should be maintained and the ARO bits shall be set to zero.
Proposal 2: The number of PUCCH resources reserved for EPDCCH should be in proportion to the total number of DL subframes in the system associated with the UL subframes, i.e. the working assumption that PUCCH resource allocation is based on all DL subframes should be confirmed.
Proposal 3: Different ARO offset values are supported for TDD depending on the bundling window, as defined in Eq. (2).
Proposal 4: If ACK/NACK bundling is configured, the PUCCH resource is derived from the DL control channel where the DCI is detected in the subframe n - km, where km is the smallest value in set K. The PUCCH resource index is determined by Eq. (1) for EPDCCH or Rel-10’s equation for PDCCH.
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