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1. Introduction

The ACK/NACK signal over PUCCH is code-spreaded by 12-length CG sequence in one SC-FDMA symbol, and then block-wise spreading is applied. At 50bis meeting in Shanghai, the following baseline of implicit ACK/NACK resource allocation was agreed.

“For non-persistent scheduling, the ACK/NACK index is implicitly tied to the lowest CCE index used to construct the PDCCH.” 
In RAN WG1 meeting #52 a way forward for UL A/N resource allocation on PUCCH was agreed [1].  And in RAN WG1 meeting #53 in Kansas city supporting A/N repetition was agreed.
“Way forward: Agreement on support of A/N repetition in the specification. A simple scheme, that does not impact the design of UEs that are not operating with repetition, should be decided at the next meeting”
In the current work assumption A/N resources on PUCCH can be reused for PUSCH in certain sub-frames because of the period of D-BCH and CFI are different. The eNodeB has to broadcast the maximum A/N resource on PUCCH during one D-BCH period. However, the CFI value which determines the number of CCEs can be changed from sub-frame to sub-frame. Therefore, these unused A/N resources on PUCCH which no CCEs are mapped on can be utilized as PUSCH.
In this contribution, we propose PUCCH resource allocation for A/N repetition of non-persistent scheduling which achieve
- less restriction for the scheduler when allocating DL data and the reduced usage of the A/N resources
- support of A/N resources reuse for PUSCH (an example given in the annex)
2. Discussion on implicit resource allocation with A/N repetition
2.1. Background

In order to illustrate an implicit one-to-one mapping with A/N repetition, some definitions are given as the following:
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The uplink A/N repetition is required to UEs having coverage problem.Given that the CCE aggregation sizes of DL grants for such UEs would be large in order to obtain low coding rate of PDCCH, the required resources for repeated A/N per sub-frame are much less than those of non-repeated A/N. For simplicity reasonable assumptions are given as (these parameters can be predefined or cell-specific) 
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. Assume there are at least one sub-frame with CFI value n = 3 in the validity period of “PUCCH-resource-size” in D-BCH
Some companies propose A/N repetition profiles are configured by dedicated RRC signaling or implicit configured by the number of CCE occupied by PDCCH payload, including repetition or not, repetition factor and etc.  It was also proposed that A/N repetition resources on PUCCH are implicit mapped with PDCCH index (the lowest CCE index) or explicit indicated with RRC signaling. [3][4]

In [3] one method of implicit resource allocation with A/N repetition was proposed. A/N repetition resources on PUCCH are implicit mapped with PDCCH index (the lowest CCE index). The A/N repetition resources are reserved, which is agreed on A/N initial transmission. For A/N initial transmission, the number of A/N resources reserved equals to the number of CCEs in the corresponding sub-frame, i.e. 
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. For the A/N re-transmission, the number of A/N resources reserved is much less than that of A/N initial transmission. For example, 1/4 of A/N initial transmission resources are reserved for 1st A/N re-transmission and 1/8 of A/N initial transmission resources are reserved for 2nd A/N re-transmission when 
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 [3]. Therefore, the A/N repetition is support using low cost and complexity.
The A/N initial and re-transmission resources are reserved in each of PUCCH RB and the order of A/N resources is initial transmission resources, 1st re-transmission resources and 2nd re-transmission resources in Figure 1 [3]. As the unused resource left by initial transmission is much larger than that of 1st A/N re-transmission and 2nd A/N re-transmission if the real PCFICH value is smaller than the maximum A/N resource configured by higher layer it’s better to put initial transmission resources adjacent to the PUSCH. 
2.2. Implicit resource allocation with A/N repetition
We agree with the implicit resource allocation method proposed in [3]. Small changes are given in this contribution to support unused PUCCH RBs dynamically scheduled to PUSCH. In this contribution it is proposed that A/N resources including initial transmission and re-transmission are reserved, grouped and ordered through the entire A/N resources on PUCCH RB. The method for group and order are proposed following as “A/N retransmission resources allocation firstly” 
2.2.1 A/N retransmission resources allocation firstly
In this scheme, A/N resources for transmission and retransmission are grouped and ordered in entire A/N resources on PUCCH.

· The first resource group for the 2nd A/N transmission. 
   The amount of resources reserved is
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· The second resource group for the 1st A/N transmission. 
   The amount of resources reserved is
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· The last resource group for the initial A/N transmission. 
   The amount of resources reserved is 
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For example, If CFI value equals to 2 in a sub-frame, the amount of 
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 resources in the last group can be utilized by PUSCH if these resources can be constructed to one or several RBs.
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Figure 1   A/N repetition resources allocation firstly

This “A/N retransmission resources allocation firstly” method can be illustrated as the following equation:
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Without A/N repetition the equation is accordant with the current work assumption simplifying to
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2.2.2 Comparison
A/N initial transmission resources allocation firstly method can hardly support PUCCH RBs reused for PUSCH. For example, even if one A/N resource (including initial transmission and re-transmission) of one PUCCH RB is used in a certain sub-frame, this RB cannot be reused for PUSCH. 

The scheme in the contribution can support PUCCH RBs reused for PUSCH and have no impact on A/N resource allocation without A/N repetition. The annex gives an example of RBs saved for this scheme.
3. Conclusion 
In this contribution, the implicit resource allocation schemes with uplink A/N repetition for non-persistent scheduling are proposed. Different group and order methods are introduced here. All of A/N resources on PUCCH should be grouped and ordered as “A/N retransmission resources allocation firstly”. The implicit mapping method can be illustrated:
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The proposed scheme is accordant with the current work assumption without A/N repetition, can simplify the scheduler and reduce the required resources for the repetitions. In addition the scheme can support A/N resources reuse according to different CFI values in different sub-frames for PUSCH.
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5. Annex

The following table gives an example of number of RBs reused.
Table 1   An example: number of RBs reused
	Assumptions
	　

	System bandwidth
	10 MHz

	Number of RB 
	50

	Number of CCEs (CFI = 1)
	8

	Number of CCEs (CFI = 2)
	19

	Number of CCEs (CFI = 3)
	36

	Number of A/N resources including retransmission (CFI = 1)
	11

	Number of A/N resources including retransmission (CFI = 2)
	27

	Number of A/N resources including retransmission (CFI = 3)
	50

	PUCCH-resource-size in D-BCH
	68

	N_1_PUCCH_AN in D-BCH
	18

	A/N resource reserved
	50

	A/N resources in one PUCCH RB
	18

	Number of PUCCH RBs
	3

	A/N resources per RB
	(18+18+14)

	Repeat factor correspondint to sub-frame k-1, k, k+1
	3

	　
	　

	A/N retransmission resources allocation firstly in all A/N resources
	　

	Reused A/N  resources  when CFI = 1 for sub-frame k
	28

	Reused RBs for PUSCH when CFI = 1 for sub-frame k
	1

	Reused A/N  resources  when CFI = 2 for sub-frame k
	17

	Reused RBs for PUSCH when CFI = 2 for sub-frame k
	1

	　
	　

	A/N initial transmission resources allocation firstly in all A/N resources
	　

	Hardly support PUCCH RBs reused for PUSCH
	　

	Reused A/N  resources  when CFI = 1 for sub-frame k
	11

	Reused RBs for PUSCH when CFI = 1 for sub-frame k
	0

	Reused A/N  resources  when CFI = 2 for sub-frame k
	6

	Reused RBs for PUSCH when CFI = 2 for sub-frame k
	0
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