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1. Introduction

After RAN1#53, an open issue is DTX detection when ACK/NAK corresponding to PDSCH is transmitted in PUSCH, i.e. how to let eNB know that DL assignment is missed at UE side as it expects corresponding ACK/NAK to be received in the PUSCH transmitted later. 

About this issue, several methods have been presented. In [1], a method of masking CRC with UE ID is proposed. For example, if there is ACK/NAK is transmitted in the PUSCH, UE ID is used to mask the CRC. Otherwise, no CRC masking is used. In eNB side, CRC blind detection is applied to detect whether DTX happened. Although the complexity of blind detection is trivial as mentioned in [1], there are still some disadvantages for this solution as analyzed in [2], i.e.
· It is required that UL data packet is received correctly. However, the BLER operation point on PUSCH can be quite high, esp. at the cell edge (even 30-50%). The CRC masking scheme does not work in these cases. 

· The same CRC must be applied for all the re-transmissions: CRC masking scheme cannot be used with re-transmissions  

In [2], a method of adding one bit in UL grant to indicate the presence of simultaneous ACK/NACK/DTX transmission is suggested. The disadvantage is the overhead increase in UL grant. Moreover for the case of PUSCH transmission without UL grant, DTX detection can not be resolved.
In this proposal, we propose another method to resolve DTX detection problem when ACK/NAK is transmitted in PUSCH.
2. Proposal
In [3], the cyclic shift value for DMRS of PUSCH is calculated through the following formula.
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 is a broadcasted  value, 
[image: image3.wmf])

2

(

DMRS

n

 is included in the UL grant  and 
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 is given by the pseudo-random sequence. For
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, 12 values are available, i.e. 0~11, but now only 8 values is used as shown in Table 1 and transmitted in the UL grant.
Table 1 Mapping of Cyclic Shift Field in DCI format 0 to 
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Values
	Cyclic Shift Field in 

DCI format 0 [3]
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	000
	0

	001
	2

	010
	3

	011
	4

	100
	6

	101
	8

	110
	9

	111
	10


To perform DTX detection when ACK/NAK is transmitted in PUSCH, we can use all of the 12 cyclic shifts of 
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 and divide them into 6 groups. Then there would be 2 available cyclic shifts in each group, one is used if there is ACK/NAK in PUSCH, otherwise the other one is used. The group number can be signaled in UL grant to replace the
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. For the cases of persistent scheduling and retransmission in which PUSCH is transmitted without UL grant, UE can use the group number in the latest UL grant. In the eNB, blind detection is performed to decide which cyclic shift is used in the group and then DTX can be detected. A simple grouping method is shown in Fig 1, where the first cyclic shift in each group is used when there is ACK/NAK in PUSCH; otherwise the second one is used.
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Fig 1 Group Method Example
With above method Table 1 should be modified as Table 2
Table 2 Mapping of Cyclic Shift Field in DCI format 0 to 
[image: image11.wmf])

2

(

DMRS

n

Group Number

	Cyclic Shift Field in 

DCI format 0 [3]
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	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5


The benefits of the DTX diction method in this proposal includes
· increasing the reliability of indication of DTX or ACK/NAK comparing with the CRC masking method because of the higher reliability of reference signal, 
· in the case of no UL grant, DTX detection is still available, 
· no extra overhead waste comparing adding one bit in UL grant
3. Conclusion

In this contribution, a group-based method for DTX detection can resolve the disadvantage of the method in [1] and [2] without increasing overhead. It is proposed that cyclic shift grouping of UL reference signal is adopted to perform DTX detection when corresponding ACK/NAK is transmitted in PUSCH and the group method can be further studied.
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