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1 Introduction
As discussed in [1], DTX signaling for PDSCH transmissions is beneficial. DTX signaling makes RV control possible for PDSCH transmissions facilitating incremental redundancy HARQ and PDCCH power control. 

In 3GPP RAN1#61bis, the following agreement was reached on the HARQ-ACK transmission formats:
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

When PUCCH format 1b with channel selection is used DTX states are already reserved [5]. Hence, this contribution focuses on supporting DTX feedback in the PUSCH and, using a DFT-S-OFDM format, in the PUCCH.
2 Design of DTX Feedback
In [4], it has been shown that dynamically adapting the number of HARQ-ACK bits (fast codebook adaptation) with providing absolute counter DAI has more benefits than fixing the number of HARQ-ACK bits according to the number of activated (or configured) CCs (slow codebook adaptation). 
When the fast codebook adaption with absolute counter DAI is used, the HARQ-ACK payload is determined as a function of number of the DAI number P, the number of activated CCs with a DL MIMO TM configured C2: if P≤C2, the payload is 2P bits, otherwise, the payload is P+C2 bits [4]. The HARQ-ACK alphabet for each TB is (ACK, NACK). An example is illustrated in Figure 1. 
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Figure 1: Example for UE behavior with dynamic adaptation for number of HARQ-ACK bits.
Example 1:
A UE has activated C=3 DL CCs: CC1, CC2 and CC3. The eNodeB configures MIMO TMs on CC1 and CC2, and a SIMO TM on CC3. In subframe n, the eNodeB transmits 3 DL grants to the UE in CC1, CC2 and CC3, with the absolute counter DAI value, P=3. In subframe n, the UE misses the DL grant in CC2 and receives the DL grants in CC1 and CC3 with DAI value P=3. Then in subframe n+k, the UE feeds back P+C2 = 5 bits HARQ-ACK, with the first 3 bits filled with HARQ-ACK responses for the two TBs transmitted in CC1 and the one TB transmitted in CC3, respectively. The remaining 2 bits will be referred to as padding bits and, for a bit-map DTX, they can be set to zero. 
The eNodeB is not yet able to know for which CC(s) the UE is feeding back HARQ-ACK, or equivalently, the meaning of the UE’s HARQ-ACK bits. To ensure the same understanding between the eNodeB and the UE for the HARQ-ACK feedback, the UE needs to feed back DTX information, which provides information on the DL grant reception status in each of the activated CCs. The DTX is C-bit information and it could be represented  a C-bit bitmap. Accounting for the C-bit bitmap, the total payload of HARQ-ACK and DTX would be O=2P+C if P≤C2, and O=P+C2+C otherwise. In this case, the eNodeB can expect a HARQ-ACK and DTX payload to be transmitted by a UE, as the total payload O is determined by P, C2 and C, all of which are known to both the UE and the eNodeB. Upon decoding the total payload O, the eNodeB can first read the DTX information so that  it can then correctly understand the HARQ-ACK bits. 
The DTX payload can be compressed to less than C bits, without losing any information, by utilizing the padding bits in the HARQ-ACK feedback. It is noted that at least (P-p) padding bits need to be included in the HARQ-ACK feedback when a UE receives p DL grants, where p ≤ P. Exploiting these (P-p) padding bits, the number of DTX bits can be less than C bits for a given set of parameters, P, C2 and C. 

For example, when C=3 CCs are activated for a UE, the number of bits for DTX feedback would be D=2 bits when the DL DAI =2 or 3, and the interpretation of the D=2 bits at the eNodeB could be as in Table 1. In Example 1, it is C=3 and P=3; hence D=2 from Table 1 and the total payload is O= P+C2+D = 7 bits. The UE chooses S2={One DL grant missed in the 2nd or 3rd CC. Read one padding bit.} for the D-bit DTX feedback, and sets one padding bit 0, so that {O,X,O} is signalled to eNodeB. Then, the eNodeB reads the D-bit DTX feedback first to find out S2, and then reads the padding bit to figure out the DTX state {O, X, O}. This is shown in Figure 2.

Proposal: A DTX state is jointly indicated by the D-bit DTX payload and the padding bits in the HARQ-ACK payload.
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Figure 2 DTX and HARQ-ACK transmission
Table 1: DTX Feedback Mapping when C=3 CCs are activated for a UE
	# of activated CCs (C)

	DL DAI (P)
	Number of DTX feedback bits D: 
DTX states conveyed in the D bits
	Number of missed DL grants (P-p): DTX states conveyed in the (P-p) padding bits in the HARQ-ACK.

O:DL grant has been received. 

X: DL grant has not been received.

	3
	1
	D=0: Explicit DTX feedback not needed. No HARQ-ACK transmission in case of DTX.
	None

	
	2
	D=2: S0={Two DL grants received}, 
S1={One DL grant received in the 1st CC},
S2={One DL grant received in the 2nd or 3rd CC. Read one padding bit.}.
	If S1, then {O,X,X}.
Else if S2, then (P-p)=1 bit:
{X,O,X},{X,X,O}.

	
	3
	D=2: S0={Three DL grants received}, 
S1={One DL grant missed in the 1st CC},
S2={One DL grant missed in the 2nd or 3rd CC. Read one padding bit.}.
S3 = {One DL grant received. Read two padding bits.}
	If S1, then {X,O,O}.
Else if S2, then (P-p)=1 bit:
{O,X,O},{O,O,X}.
Else if S3, then (P-p)=2 bits:
{O,X,X},{X,O,X},{X,X,O}.


3 Conclusion
The proposals in this contribution are summarized as in the following:
· DTX feedback is supported in Rel-10.
· HARQ-ACK payload is determined by the number of activated CCs, the DL DAI value, and the number of activated CCs configured with DL MIMO modes.

· DTX payload, D, is determined by the number of activated CCs and the DL DAI value.

· A DTX state is jointly indicated by the D-bit DTX payload and the padding bits in the HARQ-ACK payload.
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In subframe n,


In subframe n+k, the UE generates 5-bit HARQ-ACK.
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In subframe n,


In subframe n+k, the UE generates 2-bit DTX and 5-bit HARQ-ACK.
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