3GPP TSG RAN WG1 #52bis                        R1-081257
Shenzhen, China
31, March – 4, April, 2008
Agenda Item:
6.1.4
Source: 
LG Electronics
Title: 
Uplink ACK/NACK resource allocation in TDD
Document for:
Discussion and decision 
1. Introduction

In this paper, we suggest methods of uplink ACK/NACK resource allocation related to the CCE index for downlink assignment in E-UTRA TDD mode. We also propose to apply the suggested method to E-UTRA FDD mode as well for the efficient utilization of uplink PUCCH resource and the commonality between FDD and TDD modes.
2. Methods of uplink ACK/NACK resource allocation
We suggest the following principles in uplink ACK/NACK resource allocation when an uplink subframe carries ACK/NACK corresponding to multiple downlink subframes in TDD mode.
· When an uplink subframe should carry ACK/NACK corresponding to L downlink subframes, the ACK/NACK resources (combinations of RB, cyclic shift and orthogonal cover) are divided by L ACK/NACK resource subsets where each subset carries ACK/NACK corresponding to one of the L downlink subframes exclusively.

· In order to avoid an excessive uplink ACK/NACK resource reservation, the amount of reserved ACK/NACK resources should be semi-statically configurable so that number of ACK/NACK resources in an ACK/NACK resource subset can be set less than the number of CCEs in a downlink subframe.
Based on the principles above, we suggest methods of uplink ACK/NACK resource allocation as follows.
· Semi-static downlink subframe to uplink subframe relationship for ACK/NACK feedback
In table 1, we illustrates an example of downlink subframe to uplink subframe relationship for all the 7 downlink/uplink configurations, where special downlink subframes (indicated by S in TS36.211 [1]) are indicated by D as well to avoid confusions. In the figure, ACK/NACK corresponding to the downlink subframe(s) assigned number n is transmitted in the uplinks subframe assigned with the same number n. As shown in the figure, in most downlink/uplink configurations, all or some uplink subframes are linked to multiple downlink subframes. We think this kind of downlink to uplink subframe relationship for ACK/NACK feedback should be defined in the specification. The example in table 1 can be summarized as follows.

· Configuration 0: (1 DL to 1 UL)(4, (0 DL to 1 UL)(2

· Configuration 1: (2 DL to 1 UL)(2, (1 DL to 1 UL)(2
· Configuration 2: (4 DL to 1 UL)(2

· Configuration 3: (2 DL to 1 UL)(2, (3 DL to 1 UL)(1

· Configuration 4: (4 DL to 1 UL)(2

· Configuration 5: (9 DL to 1 UL)(2

· Configuration 6: (1 DL to 1 UL)(2

In the summary above, configuration 0, 1 and 3 respectively has two different downlink to uplink subframe ratios for ACK/NACK feedback in a radio frame. In these cases, amount of the ACK/NACK resources in one ACK/NACK resource subset may be adjusted depending on the uplink subframe to have the same amount of ACK/NACK resources for all the uplink subframes. Or else, ACK/NACK resource amount in all ACK/NACK resource subset may be kept similar or same so that ACK/NACK resource amount varies depending on the uplink subframe.
Table 1  Example of downlink to uplink subframe linkage for uplink ACK/NACK feedback
	config.
	i-1
	subframe number in radio frame i
	subframe number in radio frame i+1

	
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0 (2:3)x2
	U
	D
	D
	U
	U
	U
	D1
	D2
	U
	U
	U
	D3
	D4
	U1
	U2
	U
	D
	D
	U3
	U4
	U

	1 (3:2)x2
	D
	D
	D
	U
	U
	D
	D1
	D1
	U
	U
	D2
	D3
	D3
	U1
	U2
	D4
	D
	D
	U3
	U4
	D

	2 (4:1)x2
	D
	D
	D
	U
	D
	D1
	D1
	D1
	U
	D1
	D2
	D2
	D2
	U1
	D2
	D
	D
	D
	U2
	D
	D

	3 (7:3)
	D
	D
	D1
	U
	U
	U
	D1
	D2
	D2
	D3
	D3
	D3
	D
	U1
	U2
	U3
	D
	D
	D
	D
	D

	4 (8:2)
	D
	D1
	D1
	U
	U
	D1
	D1
	D2
	D2
	D2
	D2
	D
	D
	U1
	U2
	D
	D
	D
	D
	D
	D

	5 (9:1)
	D1
	D1
	D1
	U
	D1
	D1
	D1
	D1
	D1
	D1
	D
	D
	D
	U1
	D
	D
	D
	D
	D
	D
	D

	6 (5:5)
	D
	D
	D
	U
	U
	U
	D1
	D2
	U
	U
	D3
	D4
	D5
	U1
	U2
	U3
	D
	D
	U4
	U5
	D


· Configurable amount of uplink ACK/NACK resources and dividing ACK/NACK resources in an uplink subframe by multiple subsets
As suggested above, ACK/NACK resources in an uplink subframe are divided by L subsets when L downlink subframes are linked to that uplink subframe for ACK/NACK feedback. Each subset contains same or similar amount of ACK/NACK resources. For convenience, let’s assume each subset contains same number of ACK/NACK resources, M, so that the uplink subframe contains L(M ACK/NACK resources in total. Then, M ACK/NACK resources in each subset are mapped to N CCEs in one of the L downlink subframes exclusively, where M can be configured as a value equal to or smaller than N. Here, N value should be maximum number of CCEs in a downlink subframe since actual number of CCEs can vary dynamically downlink subframe by subframe. Figure 1 shows an example with L=3.
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Figure 1   Example of uplink ACK/NACK to CCE mapping
· General rule of CCE to uplink ACK/NACK resource mapping which allows number of ACK/NACK resources smaller than number of CCEs

Let’s assume M ACK/NACK resources in a subset are indexed from 0 to M-1 and N CCEs in a downlink subframe are indexed from 0 to N-1 where order of CCE index can be virtually interleaved within each PUCCH RB as agreed in R1-081107 [2]. Then, an index of the same ACK/NACK resource can be remapped to CCE index when M<N. Figure 2 shows the example when N=14 and M=8.
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Figure 2   Example of uplink ACK/NACK index to CCE index remapping when M=8 and N=14
Repeated ACK/NACK index to CCE index mapping causes restriction in PDCCH scheduling since eNodeB should consider a same ACK/NACK resource is not linked to multiple PDSCH transmissions in a downlink subframe. However, this is the cost for reducing the required amount uplink ACK/NACK resources. In general, this ACK/NACK index to CCE index remapping can be allowed when L=1 as well, that is, when an uplink subframe corresponds to a single downlink subframe, since there seems to be no reason to forbid the same approach to be applied. Furthermore, this approach can be also applied to FDD mode for efficient PUCCH resource utilization and commonality between FDD and TDD.
3. Summary
In this contribution, we suggest the following approaches for uplink ACK/NACK resource allocation in TDD mode. 
· Linkage of downlink subframe and uplink subframe for uplink ACK/NACK feedback is defined for each downlink/uplink configuration in the specification, where one uplink subframe may carry ACK/NACK for multiple downlink subframes depending on the downlink/uplink configuration.
· When an uplink subframe carries ACK/NACK for multiple downlink subframes, ACK/NACK resources are divided by multiple subsets so that ACK/NACK resources of each subset are linked to one downlink subframe exclusively.
· ACK/NACK resources in a subset can be remapped to different CCEs so that number of ACK/NACK resources in a subset can be smaller than number of CCEs in a downlink subframe. As a result, amount of reserved ACK/NACK resources is semi-statically configurable. This configurability and remapping approach can be applied to FDD mode as well.
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