3GPP TSG RAN WG1 Meeting #48bis                                           R1-071708
St. Julians, Malta, March 26 – 30, 2007

Source: 

KDDI
Title:
Downlink ACK/NACK Resource Assignments for Uplink Data Transmission
Agenda Item:

7.11.2
Document for:
Discussion and Decision
1. Introduction

In the downlink L1/L2 control signals, ACK/NACK signal for uplink shared data channel is necessary. Then, the transmission scheme with one-to-one relation between the index of the downlink L1/L2 control channel for uplink resource assignment and the index for ACK/NACK radio resource was proposed in [1]. Thus, it is agreed that the implicit relation is used between the uplink resources used for dynamically scheduled data transmission, or the downlink L1/L2 control channel used for uplink resource assignment, and the downlink ACK/NACK resource used for feedback [2]. Following the agreed concept, this contribution presents the actual transmission method of downlink ACK/NACK signal with the implicit relation with the index of downlink L1/L2 control channel or dynamically scheduled uplink data transmission. 
2. ACK/NACK Signal Transmission Using Relation to Downlink L1/L2 Control Channel Index for Scheduling Grant
2.1. Problems in the ACK/NACK Transmission Method

In the transmission method, the radio resource (sub-carriers in frequency domain or code sequence in code domain) for ACK/NACK signal is decided from the index of the downlink L1/L2 control channel used for uplink scheduling grant for the UE. Here, it should be noticed that the same index of the downlink L1/L2 control channel for scheduling grant is used for different UEs at every TTI. Let us assume that the index a of the downlink L1/L2 control channel is used for UE1 at the sub-frame k as shown in Fig. 1. Then, assuming the uplink shared data channel of UE1 is not decoded successfully without error, ACK/NACK signal for UE1 is transmitted at the sub-frame (k+D), where D denotes the number of sub-frames considering round trip delay. Similarly, the uplink scheduling grant for different UE2 is transmitted using the index a of the downlink L1/L2 control channel at the sub-frame (k+D). Therefore, if both the first uplink data transmission for UE2 and second uplink data transmission for UE1 are not decoded successfully without errors, ACK/NACK signals for UE1 and UE2 are to be transmitted at the sub-frame (k+2D) from the same radio resource. This is because the uplink scheduling grants for both UE1 and UE2 were transmitted from index a of the downlink L1/L2 control channel. The situation occurs as long as the number of retransmissions in hybrid ARQ is not identical among UEs using the same index of downlink L1/L2 control channel. This is a problem when we use the one-to-one relation between the index of downlink ACK/NACK resource and the index of downlink L1/L2 control channel for initial scheduling grant. 
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Figure 1 – Problem of ACK/NACK signal transmission with the relation to the index of L1/L2 control channel for scheduling grant
2.2. Proposed ACK/NACK Transmission Methods Using the Downlink L1/L2 Control Channel Index for Scheduling Grant
To avoid the afore-mentioned problem, we propose the following two candidates for downlink ACK/NACK transmission methods with the one-to-one relation to the index of downlink L1/L2 control channel used for scheduling grant. 
(1) Transmission method by attaching the number of retransmission times 
The multiple UEs, who used the same index of L1/L2 control channel for scheduling grant, may transmit ACK/NACK signals at the same sub-frame timing. Thus, in the proposed method, the multiple ACK/NACK signals attaching the number retransmission times for different UEs are transmitted at the same sub-frame as shown in Fig. 2. The UE can recognize and decode its own ACK/NACK signal from the number of retransmission times. The merit of the method is that we don’t have to prepare the radio resources for ACK/NACK signal for the maximum number of retransmissions. 
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Figure 2 – Proposed ACK/NACK transmission method by attaching the number of retransmission times
(2) Transmission method by preparing hierarchical multiple radio resources for ACK/NACK signals
Figure 3 shows the proposed method to prepare hierarchical multiple radio resources for possible simultaneous different ACK/NACK signals. In the method, the radio resources of ACK/NACK signals for the maximum number of retransmissions are to be prepared. Then, UE can recognized and decode its own ACK/NACK signal from the pre-decided radio resource. Though the additional information is unnecessary, the radio resources basically for the maximum number of retransmissions should be prepared.  
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Figure 3 – Proposed ACK/NACK transmission method by preparing hierarchical multiple radio resources for ACK/NACK signals

3. ACK/NACK Signal Transmission Using Relation to the Radio Resources of Uplink L1/L2 Shared Data Channel 

3.1. Problem in the ACK/NACK Transmission Method
In the method, the radio resource for ACK/NACK transmission is decided from the relation to the radio resource used for scheduled uplink shared data channel. However, in the uplink data transmission, the variable transmission bandwidths from the pre-decided candidates are used according to the path loss between the serving Node B and a UE besides application traffic data size. Thus, we should keep in mind that the transmission bandwidth of scheduled uplink data channel is variable
3.2. Proposed ACK/NACK Transmission Method Using the Index of Scheduled Uplink Data Transmission
Figure 4 gives the proposed ACK/NACK transmission method using the scheduled uplink shared data channel. In the proposed method, the radio resources, i.e., sub-carriers or codes for ACK/NACK signals are prepared corresponding to the maximum number of resource units of uplink shared data channel. Then, the ACK/NACK signal is transmitted only from the radio resource with the index corresponding to the e.g., minimum resource unit index of the uplink data transmission band. In the transmission method, the bandwidth radio resources, which are not used for ACK/NACK transmissions, become useless. 

Thus, the necessity to the more elaborated method to use radio resources for ACK/NACK signal more efficiently is FFS.
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Figure 4 – Proposed ACK/NACK transmission method using the index of the scheduled uplink data channel 
4. Conclusion
This contribution proposed ACK/NACK signal transmission methods in downlink following the agreed concept. We proposed two ACK/NACK transmission methods using the downlink L1/L2 control channel index for scheduling grant.

· Transmission method by attaching the number of retransmission times 
· Transmission method by preparing hierarchical multiple radio resources for ACK/NACK signals
Moreover, we also proposed ACK/NACK transmission method using the index of the scheduled uplink data channel. Thus, we will further investigate pros and cons of two methods to establish the optimum downlink ACK/NACK transmission method. 
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