
March 26th – 30th 2007

Agenda Item:        7.11.2
Source: 
NEC Group
Title: 
Efficient Downlink ACK/NACK signalling for E-UTRA
Document for: Discussion and decision
[image: image1.emf]NodeB

UE

n

L1/L2 Control Channel 

for uplink assignment

(inserted index 

zzz

for ACK/NACK channel)

ACK/NACK

information at Channel 

zzz

Uplink Data Transmission

NodeB

UE

n

L1/L2 Control Channel 

for uplink assignment

(inserted index 

zzz

for ACK/NACK channel)

ACK/NACK

information at Channel 

zzz

Uplink Data Transmission


1 Introduction

In the previous RAN1#48 meeting, the following working assumption was agreed for ACK/NACK control signalling and relevant pre-configured resources [1]:

· The resources used for ACK/NACK are configured on a semi-static basis

· Defined independently of the control channel format

· Implicit relation between the uplink resources used for dynamically scheduled data transmission, or the DL control channel used for assignment, and the downlink ACK/NAK resource used for feedback.
However, the last bullet point does not clearly indicate how the ACK/NACK is signaled to a specific UE. 
In this document, we analyse the existing signalling options for ACK/NACK control signalling and propose an efficient signalling mechanism for ACK/NACK for each UE.
2 Downlink ACK/NACK Control Signalling
NodeB sends the ACK/NACK information in response to uplink data transmission received from the UE. Subsequently, UE expects its ACK/NACK information in one of the pre-configured downlink resources. The assumption is that there are a number of subcarriers in the downlink that are reserved for carrying ACK/NACK information for all UEs who are expecting such information in the downlink. The number of resources reserved for such usage and their locations in the time/frequency plane can be informed to all UEs in the cell through common signalling in semi-static basis. However, if UE expects ACK/NACK information it needs to know where to look for its ACK/NACK information in these reserved resources. 
In RAN1, UE ID-less ACK/NACK signaling has been proposed in order to reduce the signaling overhead [2-6]. It is proposed an implicit signalling for UE where to find its ACK/NACK information in these reserved resources.

3 Implicit ACK/NACK Signalling
Within the implicit signalling, there may be at least two options:
· Option 1: Implicit relation between the uplink resources used for dynamically scheduled data transmission and the downlink ACK/NAK resource used for feedback.

· Option 2: Implicit relation between the DL control channel used for assignment and the downlink ACK/NAK resource used for feedback:
· One-to-one relationship between the index of the downlink L1/L2 control channel for uplink radio resource assignment and the index of ACK/NACK radio resources.

Option 1 assumes that the number of ACK/NACK resources is equal to the number of uplink resource blocks (RBs) so that there is a relationship between them. UE knows where to expect the ACK/NACK information and it can work out from knowledge of the UL resources used for the UL data transmission on which sub-carriers the ACK/NACK information will be transmitted. However, the disadvantage with Option 1 is that if one UE is allocated multiple RBs in the uplink, then there are same number of ACK/NACK resources corresponding to these RBs. It is not efficient that NodeB to signal one ACK/NACK information to all these resources. Hence, Option 1 wastes some downlink resources.
Option 2 assumes one-to-one relationship between the index of the downlink L1/L2 control channel for uplink radio resource assignment and the index of ACK/NACK radio resources. The disadvantage with Option 2 is that UE does not know its index relative to the other downlink L1/L2 control channel for uplink radio resource assignment. UE only knows that it correctly decoded its L1/L2 control channel for uplink radio resource assignment.
In the last way forward agreement [1], it was agreed that the control channels are formed by aggregation of control channel elements (CCE). The assumption is that each UE knows its MCS format so that it can try some decoding attempts blindly to find its downlink L1/L2 control channels. If UE decodes its downlink L1/L2 control channel for uplink radio resource assignment, then it knows the indices of the assigned control channel elements (CCE) relative to all other CCEs in the bandwidth. In that case, it is possible that UE uses the index of the CCE. However, there is large number of CCEs in the system bandwidth and UE may be assigned one or more CCEs. Then, this Option 2 has similar disadvantage as in Option 1, hence, it is not efficient.

4 Index signalling in the DL L1L2 Control Channel
The disadvantage of the Option 2 can be avoided by signalling the index of the ACK/NACK resources to the UE in advance so that it knows where to expect ACK/NACK information relative to the other UEs. In this case, the index is inserted in the DL L1/L2 control channel for uplink radio resource assignment as shown in Figure 1. The number of bits for indexing depends on the number of resources reserved for ACK/NACK resources in each bandwidth.
In our proposal, there is no need to create separate resources for dynamically scheduled UEs and persistently scheduled UEs. In both cases, a pool of resources is put aside for Ack/Nack transmissions for all UEs. Then each UE expecting ACK/NACK response is signalled an index corresponding to its intended ACK/NACK resources.


Figure 1. Index signalling in the DL L1/L2 Control Channel for uplink radio resource assignment
5 Conclusions

In this document, we have analysed the existing signalling options for ACK/NACK control signalling and show the drawbacks of the existing options. In addition, we have proposed a signalling mechanism that avoids the drawbacks of the existing options by inserting an index in the DL L1/L2 control signalling for uplink radio resource assignment.  Hence, we propose:

· The index inserted in the downlink L1/L2 control channel for uplink radio resource assignment must be used for ACK/NACK radio resources.
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