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1. Introduction

In RAN1#48bis meeting in Malta, there was agreement on the target quality requirement of L1/L2 control channel [1]. According to [1], the quality guideline is as follows: 
Table 1. DL control signalling.
	Event
	Target quality

	DL scheduling information miss detection
	 1e-2

	UL scheduling grant miss detection
	 1e-2

	NACK to ACK error (for UL-SCH)
	 1e-4 – 1e-3

	ACK to NACK error (for UL-SCH)
	 1e-4 – 1e-3


Table 2. Uplink control signalling.
	Event
	Target quality

	ACK miss detection (for DL-SCH)
	 1e-2

	DTX to ACK error (for DL-SCH)
	 1e-2 – 1e-1

	NACK to ACK error (for DL-SCH)
	 1e-4 – 1e-3

	CQI block error rate
	 FFS (1e-2 – 1e-1)



Depending on the eNode B receiver implementation for uplink transmission including control signaling, eNode B may perform DTX detection. In this contribution, we investigate the error requirement when eNode B performs DTX detection on uplink transmission. Additionally, we study the impact of HARQ related signalling scheme on the error case.
2. DTX detection of PUCCH in eNode B
DTX detection of PUCCH transmission may be required to manage the case of DL grant error. Assume that DL grant for a UE is failed. Then, UE will not send ACK/NACK over the PUCCH resource if the UE did not receive UL grant, but eNode B will wait for ACK/NACK from the UE. Without DTX detection in eNode B, we just follow the quality requirement guideline as shown in Table 1 and Table 2. However, when eNode B performs DTX detection of PUCCH, we should study additional error case due to DTX detection of PUCCH. 
Assume that eNode B detects DTX state in PUCCH. This DTX state would happen in following 3 events:

· DL grant error and successful DTX detection
· ACK-to-DTX error in PUCCH

· NACK-to-DTX error in PUCCH

To handle the cases, it may be a solution that eNode B sends DL grant again. 
Since the probability of ACK-to-NACK error would be lower than that of ACK-to-DTX error, it would be less than 1e-2, e.g, 1e-3 to 1e-2. 
If ACK/NACK response from UE was for the initial transmission, eNode B may schedule the UE for the new transmission. Without NDI signalling scheme, eNode B sets RV0 as new transmission. Assuming RV0 indicates UE to flush the buffer, UE will flush the buffer and will try to transmit new data. However, there is no packet loss even in buffer flushing because eNode B will send the same redundancy version as previous transmission. In case of NACK-to-DTX error, UE can’t perform soft combining even if eNode B sends the same redundancy version. When considering relatively low target frame error rate (FER), e.g, 10%, error requirement for ACK-to-DTX should be tighter than that of NACK-to-DTX. Therefore, we think that the probability of ACK-to-DTX should be 1e-2 and the probability of NACK-to-DTX should be 1e-2 to 1e-1. With signalling of NDI, UE will flush buffer when the UE receives the toggled NDI bit. New DL grant with un-toggled NDI causes the UE to receive the same redundancy version. In case of NACK-to-DTX error, UE can perform soft combining. In case of ACK-to-DTX error, UE can send ACK without decoding. When considering target FER of 10 %, error requirement for ACK-to-DTX should be tighter than that of NACK-to-DTX error. Therefore, we think that the probability of ACK-to-DTX should be 1e-2 and the probability of NACK-to-DTX should be 1e-2 to 1e-1.

On the other hand, if ACK/NACK response from UE was for the retransmission, eNode B may schedule the UE again. Regardless of signalling of NDI, UE can send ACK without decoding in case of ACK-to-DTX error, and sends ACK or NACK depending on the decoding result in case of NACK-to-DTX error. When considering target FER of 10 %, error requirement for ACK-to-DTX should be tighter than that of NACK-to-DTX error. Therefore, we think that the probability of ACK-to-DTX should be 1e-2 and the probability of NACK-to-DTX should be 1e-2 to 1e-1.

Finally, we consider the event of DTX-to-NACK. In this case, the DL grant error has occurred prior to DTX-to-NACK error. Therefore, we think that probability of DTX-to-NACK error should be 1e-2 to 1e-1.

3. DTX detection of PUSCH in eNode B

DTX detection of PUSCH transmission may be required to manage the case of UL grant error. DTX detection would be meaningful when eNode B expects UE to transmit data over scheduled resource. There is no need to consider TX-to-DTX error in the retransmission because the UL HARQ operation is assumed to be synchronous. We mainly focus on the TX-to-DTX error in the initial transmission and DTX-to-TX error. Assume that the UL grant for a UE is failed. Then, the UE will not transmit any data over the scheduled resource but the eNode B will wait for data transmission from the UE. The DTX state in eNode B would happen by the following 2 cases:
· UL grant error and successful DTX detection
· TX-to-DTX error 

To handle the error cases, one possible solution is that the eNode B sends the UL grant again. Assume that RSN in Rel’6 HSUPA without NDI signalling is used to inform the RV information. In case of DTX detection in eNode B, it will send the UL grant with ‘0’ RSN value again. If RSN0 results in flushing the buffer, UE will flush the buffer. Then, this could result in packet loss in TX-to-DTX error case because the UE already transmitted data and receives new UL grant. That is, packet loss would happen. Therefore, the probability of TX-to-DTX error should be lower than that of UL grant error, 1e-2. Assume that RSN with NDI signalling scheme is used to inform the RV information. Then, UE will flush the buffer after reception of NDI as in Rel’5 HSDPA. In case of DTX detection in eNode B results in second transmission of the UL grant with ‘0’ RSN value with un-toggled NDI, the UE will transmit data correctly knowing it was the same data it had previously transmitted or not. In this case, TX-to-DTX error case could be managed and the error requirement can be alleviated. For example, the probability of TX-to-DTX error may be lowered to 1e-1 to 1e-2. Therefore, the error requirement of TX-to-DTX can be alleviated by a signalling of NDI.
 In case of DTX-to-TX error, the UL grant error has occurred prior to the DTX-to-TX error. Therefore, we think that probability of DTX-to-TX error should be 1e-2 to 1e-1.
4. Conclusions
In this contribution, we investigate the error requirements when DTX detection in eNode B is assumed. The followings are summary of the analysis:

· DTX detection of PUCCH
	
	Initial transmission
	Retransmission

	ACK-to-DTX
	1e-2

	NACK-to-DTX
	1e-2 – 1e-1

	DTX-to-NACK
	1e-2 – 1e-1 


· DTX detection of PUSCH
	
	Initial transmission
	Retransmission

	Without NDI
	TX-to-DTX
	<1e-2
	-

	
	DTX-to-TX
	1e-2 – 1e-1

	With NDI
	TX-to-DTX
	1e-2 – 1e-1
	-

	
	DTX-to-TX
	1e-2 – 1e-1
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