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1. Introduction

In this contribution we share our views on remaining issues of PUCCH resource allocation for EPDCCH in TDD.
2. Discussion
The first remaining issue is ARO candidate values for TDD. Based on the agreement at RAN1 #71 [1], explicit 2-bit ARO indications are present for all DL DCI formats carried by EPDCCH. The ARO field dynamically indicates one PUCCH resource offset out of four candidate values. For FDD, {-2, -1, 0, 2} were agreed. For TDD, only {0, 2} were agreed and the other two values are left FFS. 
It should be noted that it has been agreed that the TDD PUCCH HARQ-ACK resources will be stacked for each EPDCCH set across the bundled DL subframes. Therefore, the size of the PUCCH resource region of each EPDCCH set is dependent on the number ECCEs in this EPDCCH set and the number of the bundled subframes as shown in Figure 1. 
At low system load, the PUCCH resources utilization is low and there is a need to compress the PUCCH resource regions. From this perspective, large offset values are preferred so that the PUCCH resources could be dynamically moved when needed. Moreover, it is preferred that the offset could have some dependency on the number of the bundled subframes. 
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Figure 1 TDD PUCCH HARQ-ACK resource allocation for ePDCCH

As indicated in Table 10.1-1 in [2], the maximum number of the bundled subframes is different for different TDD configurations, e.g. in TDD configuration 0, it is 1, in TDD configuration 1, it is 2.
Table 10.1-1: Downlink association set index 
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Based on the above analysis, we proposed a TDD configuration dependent ARO offset in Table 1.

Table 1 ARO candiate values for TDD

	UL-DL Configuration
	

	0
	{-NECCE,1, -NECCE,2, 0, 2}

	1
	{-2*NECCE,1, -2*NECCE,2, 0, 2}

	2
	{-4*NECCE,1, -4*NECCE,2, 0, 2}

	3
	{-3*NECCE,1, -3*NECCE,2, 0, 2}

	4
	{-4*NECCE,1, -4*NECCE,2, 0, 2}

	5
	{-9*NECCE,1, -9*NECCE,2, 0, 2}

	6
	{-NECCE,1, -NECCE,2, 0, 2}


Note:  NECCE,i  (i=1,2) is the numbder of ECCEs for EPDCCH set i. When only one EPDCCH set is configured, NECCE,1 =NECCE,2.
Proposal 1: For TDD, use the TDD configuration dependent ARO candidate values as shown in Table 1. 
The second remaining issue is the ARO usage in EPDCCH assignment with DAI value greater than ‘1’ in case when PUCCH format 3 is configured. In Rel-10, the TPC field is used to determine the PUCCH resource from one of the four PUCCH resource values configured by higher layers. For simplicity and to save test effort, we think there is no strong motivation to change the current Rel-10 UE behavior. The TPC field can still be used to indicate the PUCCH resource and the ARO field in EPDCCH with DAI values larger than ‘1’ could be simply set to zero.
Proposal 2: For TDD, when PUCCH format 3 is configured, the TPC field in EPDCCH with DAI value greater than ‘1’ is used to determine the PUCCH resource and the ARO field is set to zero. 
The last remaining issue is whether the resource allocation for EPDCCH should include or exclude the subframes not configured for EPDCCH monitoring. In the email discussion, there are some concerns on PUCCH resource blocking problem which complicates the eNB scheduler design since EPDCCH monitoring subframes are configured in a UE-specific manner. However, it is noted that the PUCCH resource region is determined by the UE-specific PUCCH starting offset and the eNB may have to take care of PUCCH blocking anyway. 
Proposal 3: For TDD, we slightly prefer to exclude the subframes not configured for EPDCCH monitoring in determining the PUCCH resources.
3. Conclusion

Based on the discussion above, we had the following proposals

Proposal 1: For TDD, use the TDD configuration dependent ARO candidate values as shown in Table 1. 
Proposal 2: For TDD, when PUCCH format 3 is configured, the TPC field in EPDCCH with DAI value greater than ‘1’ is used to determine the PUCCH resource and the ARO field is set to zero. 
Proposal 3: For TDD, we slightly prefer to exclude the subframes not configured for EPDCCH monitoring in determining the PUCCH resource.
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