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1. Introduction

This contribution addresses the issue of ACK/NACK timing in the uplink and selection of the PUCCH index for TDD.   It is proposed that the UE should follow a predefined and fixed timing relationship as to when to transmit the ACK/NACK in the uplink.  In addition, the PUCCH index used will be based on the lowest CCE index and the downlink subframe(s) the UE was scheduled in.
2. ACK/NACK Transmission Timing
The following timing relationship is proposed for ACK/NACK transmission in TDD –

· The UE shall respond to a PDSCH transmission in downlink subframe n in UL subframe n+k, with k given Table 1.  The choice of k is chosen to meet the requirement k>3 and also to balance the PUCCH load among different uplink subframes.
Table 1.  Parameter k for TDD.
	Configuration
	Period

(ms)
	Subframe

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 
	4
	6
	-
	-
	-
	4
	6
	-
	-
	-

	1
	
	7
	6
	-
	-
	4
	7
	6
	-
	-
	4

	2
	
	7
	6
	-
	4
	8
	7
	6
	-
	4
	8

	3
	10
	4
	11
	-
	-
	-
	7
	6
	6
	5
	5

	4
	
	12
	11
	-
	-
	8
	7
	7
	6
	5
	4

	5
	
	12
	11
	-
	9
	8
	7
	6
	5
	4
	13

	6
	
	7
	7
	-
	-
	-
	7
	7
	-
	-
	5


An example of this concept is shown in Figure 1 for TDD configuration 6.  In this case, each downlink subframe is associated with an uplink subframe for ACK/NACK feedback using the k parameter shown in Table 1.  Note that in order to support PUCCH load balancing, the minimum k from a timing perspective is not always used.  For example, in subframe 0, k=4 is feasible but k=7 is used instead.
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Figure 1.  Illustration of ACK/NACK feedback for TDD configuration 6.

Using Table 1, the association between downlink data subframe and uplink ACK/NACK subframe can be determined.  Note that in many cases, one uplink subframe will provide ACK/NACK for multiple downlink subframes.  For example, in TDD configuration 1, uplink subframe 8 will provide ACK/NACK for downlink subframes 0 and 1.  Therefore, any UE that was scheduled in both subframes will provide either bundled or multi-bit ACK/NACK back in uplink subframe 8.  Table 2 shows the number downlink subframes associated with a particular uplink subframe for ACK/NACK feedback.
Table 2.  No of DL subframe associated with an UL subframe for ACK/NACK feedback.
	Configuration
	Period

(ms)
	Subframe

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 
	-
	-
	1
	0
	1
	-
	-
	1
	0
	1

	1
	
	-
	-
	2
	1
	-
	-
	-
	2
	1
	-

	2
	
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	10
	-
	-
	3
	2
	2
	-
	-
	-
	-
	-

	4
	
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	
	-
	-
	9
	-
	-
	-
	-
	-
	-
	-

	6
	
	-
	-
	1
	1
	1
	-
	-
	1
	1
	-


Although the amount of ACK/NACK resource is variable among different uplink subframes, the PUCCH region size is constant.  For subframes that require less PUCCH ACK/NACK resource, other control signalling such as scheduling request can be configured. 

3. Implicit Association of CCE and ACK/NACK
From Table 1, UE knows when to transmit the ACK/NACK based on the parameter k. The selected PUCCH index will be based on (1) the lowest CCE index and (2) parameter d shown in Table 3 based on the downlink subframe(s) it was scheduled in.
Table 3.  Parameter d for TDD.
	Configuration
	Period

(ms)
	Subframe

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 
	0
	0
	-
	-
	-
	0
	0
	-
	-
	-

	1
	
	0
	1
	-
	-
	0
	0
	1
	-
	-
	0

	2
	
	1
	2
	-
	3
	0
	1
	2
	-
	3
	0

	3
	10
	1
	0
	-
	-
	-
	1
	2
	0
	1
	0

	4
	
	0
	1
	-
	-
	2
	3
	0
	1
	2
	3

	5
	
	1
	2
	-
	3
	4
	5
	6
	7
	8
	0

	6
	
	0
	0
	-
	-
	-
	0
	0
	-
	-
	0


A simple relationship can be defined as follows.  UE picks the PUCCH index according to –

PUCCH Index = lowest CCE index + d×Number of CCEs

For UE that was scheduled in multiple downlink subframes within the same feedback uplink subframe, it simply uses the lowest PUCCH index to report either bundled or multi-bit acknowledgement.  This corresponds to choosing the smallest d parameter among possible choices. 
Note that no overhead reduction technique is used here and thus this represents the maximum ACK/NACK overhead.  Techniques such as limiting the number of CCEs used for downlink control signalling or allowing only certain CCE combination may be used to reduce the uplink control overhead.  
4. Conclusions
This contribution addresses the issue of ACK/NACK timing in the uplink and selection of the PUCCH index for TDD.  It is proposed that –

· The UE shall respond to a PDSCH transmission in downlink subframe n in UL subframe n+k, with k given in Table 1.
· For TDD, the PUCCH index used will be based on (1) the lowest CCE index and (2) parameter d shown in Table 3 based on downlink subframe(s) the UE was scheduled in.
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