3GPP TSG RAN1#54       





                        R1-083231
Jeju, Korea

August 18 – 22, 2008
Agenda Item:
6.3
Source:
Motorola, LGE, Samsung
Title:
Uplink ACK/NACK Resource Reduction for TDD
Document for:
Discussion
1. Introduction

In RAN1#53, agreement on the main ACK/NACK bundling principles for TDD was reached as detailed in [1].  In regard to the ACK/NACK resource dimensioning, it was agreed that –

· Maximum M×N A/N PUCCH resource (M=number of CCEs in a DL subframe, N=number of DL subframes in bundling window). 

· For DL/UL configuration 5, A/N PUCCH resource reduction by higher layer configuration is allowed. 

· For other DL/UL configurations, FFS whether A/N PUCCH resource reduction is allowed.
In this contribution, it is proposed that ACK/NACK PUCCH resource reduction should be allowed for configurations 2, 4, and 5.  In addition, it is proposed that a simple reduction scheme based on modulo operation and cyclic shift [3] be used.
2. ACK/NACK PUCCH Resource Provision 

As noted, DL/UL configuration 5, A/N PUCCH resource reduction by higher layer configuration is allowed since the single uplink subframe must provide ACK/NACK for nine downlink and special subframes.  Table 1 provides the number of downlink and special subframes associated with an uplink subframe.  It can be seen that for a particular configuration, the amount of ACK/NACK resource needed vary among different uplink subframes.
Table 1.  No of downlink and special subframes associated with an uplink subframe.
	Configuration
	Subframe

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	1
	0
	1
	-
	-
	1
	0
	1

	1
	-
	-
	2
	1
	-
	-
	-
	2
	1
	-

	2
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	-
	-
	3
	2
	2
	-
	-
	-
	-
	-

	4
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	9
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	1
	1
	1
	-
	-
	1
	1
	-


With the introduction of block interleaving for ACK/NACK PUCCH index association as shown in Figure 1, PUCCH resource usage is not fragmented and reuse for some PUCCH resource for data transmission is possible.  Thus, an implicit resource reduction method is available and is managed by the scheduler.  However, in some situations, significant PUCCH resource must still be reserved which cannot be recovered through intelligent scheduling alone.  Thus, it is proposed that ACK/NACK PUCCH resource reduction scheme be allowed when 4 or more downlink subframes are associated with an uplink subframes.  This corresponds to DL/UL configurations 2, 4, and 5.
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Figure 1.  Example of block interleaving scheme for ACK/NACK index association.
Furthermore, by restricting PUCCH resource reduction to configurations 2, 4, and 5, a straightforward method can be applied since all uplink subframes within those configurations are associated with the same number of downlink subframes.   There is no need to treat different uplink subframes differently as may be required in other configurations.  
Recommendation: For DL/UL configurations 2, 4, and 5, ACK/NACK PUCCH resource reduction by higher layer configuration is allowed.  
3. ACK/NACK Resource Reduction Method
In order not to introduce unnecessary delay in completion of the specification, a resource reduction method should be selected from existing proposals.  In this regard, three proposals are available as outlined in [2] and summarized below –
1. Plain modulo: With plain modulo method, there may be significant restriction with CCE usage as available PDCCH starting point will map to the same PUCCH index.  As a result, this method is not considered further.

2. Modulo with cyclic shift [3]:  In this method, a cyclic shift offset is added so that the starting CCE for different level of PDCCH aggregation is mapped to different PUCCH index.
3. A scaling factor is used where only 1 PUCCH index is reserved for K continuous CCEs [4].

Based on analysis of potential CCE blockage, it is seen that modulo method with cyclic shift will result in the smallest number of blockage.  Therefore, it is proposed that the method outlined in [3] be adopted.  Additionally, a reduction factor {1, 1/2, 1/3, 1/4} of M×N is proposed. 
Recommendation: Use modulo with cyclic shift [3] as the ACK/NACK PUCCH resource reduction method. A reduction factor {1, 1/2, 1/3, 1/4} of M×N is proposed.
4. Conclusion
In this contribution, the following recommendations are made regarding ACK/NACK PUCCH resource reduction for TDD –
· For DL/UL configurations 2, 4, and 5, ACK/NACK PUCCH resource reduction by higher layer configuration is allowed.  
· Modulo with cyclic shift [3] is used as the ACK/NACK PUCCH resource reduction method.
· A reduction factor {1, 1/2, 1/3, 1/4} of M×N is proposed.
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