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1. Introduction

ACK/NACK is such an important signalling requiring high enough robustness to avoid neither retransmitting successful received data packet nor transmitting new data packet before successful receipt the on-the-air old data packet; on the other hand, due to fast L1 retransmission, the frequency of ACK/NACK transmission to the designated receiver is very high e.g. up to 1000Hz, thus the transmission efficiency of ACK/NACK is desired to minimize the signalling overhead. In past meeting some schemes for UL ACK/NACK in downlink transmission is proposed mainly addressing FDD operation case. However in TDD operation, there is another aspect to be addressed also in this paper.
2. Discussion
In TDD system there would be often more than one UL subframe transmission which need multiple UL ACK/NACK in DL transmission, see figure 1. This raises additional time-domain dimension of the ACK/NACK signal’s destination identity besides UE-ID. So, this paper deal with minimizing the UL ACK/NACK bit as low as 1 or 2 bits per UE (depending on MIMO deployment) as well as maintaining as good robustness in TDD system, particularly when the number of UL subframes is more than the number of DL subframes in a radio frame.
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Figure 1, FDD v.s. TDD UL ACK/NACK timing
In the past meeting some methods have been proposed to implicitly index per UE specific UL ACK/NACK bit without sending lengthy destination identity i.e. UE-ID. It may work well for FDD system because 1) the UL ACK/NACK transmission time is known for both eNB (transmitter) and UE (receiver) as long as the round trip time known and/or fixed, 2) in FDD both DL and UL transmission is continuous. However those methods do not fully address the problem in case of TDD operation, particularly when UL subframes are more than DL subframes see figure 1. There will be time-domain ambiguity to transmit UL ACK/NACK in DL subframe. 
We propose to predefine a few number of UL ACK/NACK (AN) channels in L1 downlink control signalling per each radio frame, each UL AN channel is transmitting ACK/NACK bits for the corresponded one UL subframe. The UE get the position of its UL ACK/NACK bit(s) in DL by the predefined implicit resource allocation or very small signalling overhead. Since there are multiple UL and DL subframes in one TDD frame, and multiple scheduled UE in one UL subframe; the implicit allocation consists two parts. First, the time position of the ACK/NACK corresponding to the data transmission in the ith UL subframe, second, multiplexing of ACK/NACKs for different UEs that transmitted UL data in the ith UL subframe. For the first part, we propose to predefine a mapping which indicates on which DL subframe to transmit the ACK for the data in the ith UL subframes, since AN channel is one-to-one (unique) mapping to different UL subframe, as long as UE know which UL subframe it is transmitting UL data packet (it should know already before it gets ready to receive its ACK/NACK), UE will know uniquely which AN channel it should listen for. When UE is transmitting data in multiple UL subframe, it will then listen for multiple AN channel for its ACK/NACK bits. For the second part, the ACK-NACK in the same DL subframe are FDMed or CDMed or Hybrid method, and UE can find the exact position within one AN channel by e.g. implicit indexing from previous UL grant signaling.
[image: image2.wmf] 

DL control 

signaling 

UL SF

-

1 

ACK

/

NACK

UL SF

-

2 

ACK

/

NACK

UL SF

-

3 

ACK

/

NACK

A

N

-

1

A

N

-

2

A

N

-

3

D

L

 

C

o

n

t

r

o

l

 

C

h

a

n

n

e

l

 

i

n

 

D

L

 

s

u

b

f

r

a

m

e

-

1

D

L

 

C

o

n

t

r

o

l

 

C

h

a

n

n

e

l

 

i

n

 

D

L

 

s

u

b

f

r

a

m

e

-

2

Localized or Distributed

, 

FDM or CDM or hybrid

Localized or Distributed

, 

FDM 

or CDM or hybrid

Localized or Distributed

, 

FDM 

or CDM or hybrid


Figure 2, Example of TDD UL ACK/NACK channels in DL
Assuming there are m UL subframes in every radio frame, eNB should define m UL AN channels in downlink control signalling in that radio frame. These m UL AN channels can be pre-allocated in one or a few of all or all downlink subframes as long as the timing requirement is satisified, the position of these m UL AN channel is static or semi-static or even dynamic depending on the overall LTE system design, see figure 2. The timing requirement should be defined such that the needed processing time defines the smallest/shortest duration until an ACK/NACK can be transmitted. In the LTE example with considering today product capability, we can define this smallest/shortest duration as 1ms or other value which satisfy the processing time and fit into numerology [1] (in our calculation ~500us is ok for decoding the longest turbo block). The position of these m UL AN channels are signalled or broadcasted to all UE via RRC signalling (static or semi-static), BCH signalling (static or semi-static or dynamic), or Cat0 signalling (static or semi-static or dynamic). Each UL AN channel is transmitting UL ACK/NACK bits for all scheduled UE in previous known one subframe (TTI) by any reliable and efficient methods. In the figure 2 of the invention, you can see this already -> AN-3 can be mapped only into DL subframe-2, but not DL subframe-1 because not enough processing time.
3. Conclusions

We propose to predefine a few number of UL ACK/NACK (AN) channels in L1 downlink control signalling per each radio frame, each UL AN channel is transmitting ACK/NACK bits for the corresponded one UL subframe. The UE get the position of its UL ACK/NACK bit(s) in DL by the predefined implicit resource allocation or very small signalling overhead.
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