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1
Introduction
In RAN1#48 (St. Louis) it was decided:
· The resources used for ACK/NAK are configured on a semi-static basis

· Defined independently of the control channel format

In RAN1#48bis (Malta) it was decided: 

· Hybrid FDM/CDM of downlink ACK/NAK (if RAN2 changes their view on adaptive HARQ, this needs to be revisited)
· Dynamic signalling of Cat0 with a low number of bits (max 2 bits)
There were no discussions in RAN1#49 (Kobe) on DL ACK/NAK transmission and RAN2 decisions on scheduling retain the need to have DL ACK/NAK transmissions supported. However, multiple agreements were made in regards to the transmission and the specifics of “cat0” information. 

This document analyzes the agreements made so far and provides more details on other aspects of the DL ACK/NAK transmission.
2
Status of Decisions
The agreement that the resources for DL ACK/NAK are configured on a semi-static basis and the dynamic signalling of Cat0 may be interpreted as follows:

1. DL ACK/NAK resources do not follow Cat0 indications and are set aside irrespective of the value “n” of OFDM symbols used for control transmission

2. DL ACK/NAK resources follow Cat0 indications but the resources change with the dynamic value of “n”

Point 1 above goes against the desire to have control and data spanning different OFDM symbols in order to guarantee a consistent transmit power for PDSCH transmissions with QAM modulations. Indeed, a given OFDM symbol could contain data and DL ACK/NAK transmissions if, e.g., n=1 (PDCCH transmission time span indicated by CCFI) and nack=2 (DL ACK/NAK transmission time span).
Point 2 above requires reception of the CCFI not only by users with scheduled DL transmissions but also by UEs to which a DL ACK/NAK is transmitted. Also, the resources allocated for DL ACK/NAK are no longer semi-static because of the dynamic nature of cat0. 

3
Proposal
After addressing the status of decisions in RAN1 with impact on DL ACK/NAK transmissions, we recommend either of the following: 

1. DL ACK/NAK resources follow Cat0 indication 

a. DL ACK/NAK resources become dynamic

b.  CCFI has to be decodable by recipients of DL ACK/NAK transmissions

2. CCFI conveys 1 bit of information meaning that PDCCH spans 2 or 3 OFDM symbols

a. DL ACK/NAK spans the first 2 OFDM symbols

For the first option above, the time span for the DL ACK/NAK, “M” is set to “n” (indicated by CCFI). For the second option, M = 2 always. 

In addition to the above, the following is proposed for the structure and multiplexing of the DL ACK/NAK transmissions: 
· Transmit diversity / precoding applied to ACKCH transmissions as it is done for PDCCH
· Modulation: QPSK
· Scrambling: 

· Option 1) in Figure 1 shows the block diagram of the DL ACK/NAK transmission and concurrent CDM and SFBC encoding is possible with no scrambling

· Option 2) shows the structure that would support scrambling of the DL ACK/NAK transmissions
· Repetition factor and CDM structure
· Based on ACK/NAK control element of size 2xM [1] with a repetition factor N for each value of M allowed
· For example: M=1 for n=1, M=2 for n=2 and n=3

· N=6 for M=1 and N=4 for M=2

· Note that there are 
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 grids available for transmission, where Nt is the number of available tones in the n OFDM symbols and Ntx is the number of transmit antennas.

· Hadamard (binary) or DFT spreading over the 2xM ACK/NAK control element
· Mapping of DL ACK resources

· Implicit mapping from a combination of UL grant transmitted on PDCCH and UL resources for scheduled transmissions

· Mapping from UL grant is not enough assuming synchronous, non-adaptive transmissions on the UL

· Explicit mapping through L2 or L3 indication for persistent allocations

Figure 1 shows a block diagram for the DL/ACK generation, where we assumed N=4 and M=2.
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Figure 1. Block diagram of DL ACK/NAK transmission
3
Conclusions

In this document we have addressed some of the open issues in regards to the transmission of the ACK/NAK in the DL.
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