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1 Introduction
Based on the conclusion of email discussion after RAN1#71, it was agreed to revisit the following three TDD PUCCH ACK/NACK related issues with square brackets in RAN1#72, which are: 
· The four ARO values are {[-2], [-1], 0, 2}
· [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] when a UE is configured not to monitor EPDCCH  in some of the subframes within the same bundling window
In this document, these three issues are separately discussed and the corresponding proposals are provided to finalize these issues. 
2 Discussions
For TDD, the agreement was that the PUCCH ACK/NACK resource for dynamic PDSCH scheduling by EPDCCH or EPDCCH indicating SPS release is determined by 
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(2)
where 
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 is the number of ECCEs in subframe i in the EPDCCH set q configured for a certain UE, M is the number of subframes in the bundling window, m (0,...,M-1) is the relative index of the DL subframe of the PDSCH scheduled by EPDCCH, and the remaining notations in formulas (1) and (2) can be found in [1]. 
Compared to the PUCCH ACK/NACK resource determination formula for FDD, the difference is that there is an additional term 
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 which implies that the PUCCH ACK/NACK resources are accumulated over subframes in the bundling window.  For this additional term, the value would be 0 when M=1 or m=0, which is similar to FDD. Hence, the four ARO values in this case can be {-2, -1, 0, 2} as that of FDD.
However, in case M>1 and m>0, this method would result in a serious resource overhead problem when the system load is low [2]

 REF _Ref338871317 \r \h 
[3]. The additional term implies that even a single EPDCCH transmission in the last subframe within the bundling window, i.e., m=M-1 requires PUCCH ACK/NACK resources being reserved for all subframes within the bundling window. For example, to just transmit an EPDCCH in the last subframe, may require reserving 
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 PUCCH PRB pairs assuming an EPDCCH set size of 8 PRB pairs, 4 ECCEs/PRB pair, M=4 and 18 PUCCH resources per UL PRB pair. As the motivation for introducing ARO is to reduce PUCCH ACK/NACK resource reservation overhead, there is a need to define a proper value of ARO to reduce the resource overhead for TDD.
The current four values of ARO are optimized for FDD and are only useful when the PUCCH ACK/NACK resources corresponding to two EPDCCH sets are configured to fully or partially overlap. Therefore, these ARO values cannot alleviate the aforementioned resource overhead problem in case M>1 and m>0 in TDD. Hence, it is necessary to replace at least one of the two ARO values within square brackets in order to avoid excessive PUCCH ACK/NACK resource reservation.  
When the system load is low, for a certain EPDCCH set, it is desirable that the assigned PUCCH ACK/NACK resource can be located at the reserved ACK/NACK region corresponding to the subframe with low-indexed m, which will be able to release more PUCCH ACK/NACK resources for PUSCH scheduling, i.e., resource compression. The resource compression can be achieved by utilizing an ARO value which can enable to shift the ACK/NACK resource to the ACK/NACK region corresponding to the subframe i=0. Hence, the ARO value can be 
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Regarding the two values of ARO {-2, -1}, the value “-2” is mainly applied for the case when two EPDCCHs from different EPDCCH sets have the same ECCE index and one of them is configured to use SORTD for ACK/NACK transmission; otherwise the value “-1” can be used. It is noted that the SORTD case can also be solved by the already agreed ARO value “2”, and therefore it is proposed to replace the ARO value “-2” by a large negative value. 
Proposal 1: When M=1 or m=0, the four ARO values in TDD are {-2, -1, 0, 2}; otherwise, {
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,-1 , 0 , 2 }. 
In Rel-10, when PUCCH format 3 is configured, the 2-bit “TPC command for PUCCH” field in the PDCCH DCI on the primary cell in case of DAI>1 is used to indicate one of four higher layer configured resources for PUCCH format 3, i.e. ARI. For EPDCCH, it was agreed that the explicit 2-bit ARO is always present for all downlink DCI formats carried by EPDCCH. When PUCCH format 3 is configured, this 2-bit ARO is not useful because the resources for PUCCH format 3 are configured by higher layers and indicated by the existing ARI and can be set to be zero. However, there was a proposal during the email discussion to use the ARO in the DCI format with DAI>1 indicating the resource for PUCCH format 3 instead of reinterpreting “TPC command for PUCCH” field, and revert back the original function of “TPC command for PUCCH” field. For this proposal, first, the existing mechanism, i.e., reinterpreting “TPC command for PUCCH” field was shown to work well in Rel-10 and there has not been found any PUCCH power control problem; second, it is unclear how much gain can be achieved to do such optimization. Finally, there may also be the potential UE complexity increase, e.g., a UE has a different behavior on the interpretation of “TPC command for PUCCH” field in the detected PDCCH and EPDCCH DCI with DAI>1 within the same bundling window. 
Proposal 2: Confirm the conclusion “The ARO bits are set to zero if DAI>1 and UE is configured with PUCCH format 3”.
The third issue is whether the PUCCH ACK/NACK resource allocation is based on all the downlink subframes within the bundling window when a UE is only configured with part of the subframes within the bundling window for EPDCCH. Although the PUCCH ACK/NACK resource configuration for EPDCCH is UE-specific, different UEs should use the same PUCCH ACK/NACK resource determination method (i.e., (1) or (2)) to avoid resource collisions. If there are different configurations for EPDCCH subframe monitoring within a bundling window, e.g., different UEs have different EPDCCH subframes configuration to perform ICIC, the PUCCH ACK/NACK resource allocation only based on the monitored subframes may result in resource collision and make the eNodeB scheduler complicated. 

Furthermore, in terms of PUCCH ACK/NACK resource overhead, there is no need to base the PUCCH resource allocation on the monitored subframes only, since an ARO such as described above is able to perform the resource compression. 
Proposal 3: Confirm the conclusion “The PUCCH resource allocation is based on all subframes within the bundling window when UE is configured not to monitor EPDCCH in some of the subframes within the same bundling window.

3 Conclusion
Based on the discussion on the three PUCCH ACK/NACK related issues in TDD, we have the following proposals:
Proposal 1: When M=1 or m=0, the four ARO values in TDD are {-2, -1, 0, 2}; otherwise, {
[image: image8.wmf]å

-

=

-

1

0

,

,

m

i

q

i

ECCE

N

,-1 , 0 , 2 }. 
Proposal 2: Confirm the conclusion “The ARO bits are set to zero if DAI>1 and UE is configured with PUCCH format 3”.
Proposal 3: Confirm the conclusion “The PUCCH resource allocation is based on all subframes within the bundling window when UE is configured not to monitor EPDCCH in some of the subframes within the same bundling window.

4 Text Proposal

---------------------------------------------------Text proposal for TS36.213 [1] --------------------------------------------------
10.1.3.1  
TDD HARQ-ACK procedure for one configured serving cell
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 is determined from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2

Table 10.1.3.1-2: Mapping of ACK/NACK Resource offset Field in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D to 
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values. 
	ACK/NACK Resource offset field in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D
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	M=1 or m=0
	M>1 and m>0

	0
	-2
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	1
	-1
	-1


	2
	0
	0

	3
	2
	2


----------------------------------------------------------End proposal----------------------------------------------------------------
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