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[bookmark: Source]Introduction
[bookmark: _Ref410049002][bookmark: _Ref410045574]For the eLAA WI in Rel-14 [1], one of the issues is whether the eNB can reliably does PUSCH DTX detection. This is particularly important for eLAA, as UL LBT might prevent the UE from PUSCH transmission and the potential collisions on the unlicensed band channel. In this contribution, we investigate DMRS based DTX detection performance. 

Motivation
For eLAA, LBT should be conducted by each UE before UL transmission after receiving UL grant from eNB. If the channel is idle, UE can transmit data as scheduled by eNB. Otherwise, the UE shall not transmit the PUSCH. The uncertainty of the UL transmission has a clear impact on the eNB behavior.
If the eNB always tries to decode PUSCH (without detecting whether PUSCH is transmitted or not), there are multiple reasons why the eNB may not be able to decode the PUSCH correctly:
1. The UE did not receive the UL grant, so the UE did not transmit.
2. The UL LBT at the UE failed, so the UE did not transmit.
3. The UE had transmitted, but the decoding failed due to either poor link quality or collision.
The eNB would not be able to differentiate among these different reasons when PUSCH decoding failure occurs. This makes it difficult for eNB to make a proper HARQ combining with previous or subsequent (re)-transmissions. No matter whether the eNB stores the soft bits from this “assumed” transmission or not, the performance would be degraded when the eNB’s soft buffer handling does not match the actual status of the transmission.
Observation: When an eNB does not correctly decode scheduled PUSCH, the eNB may not be able to differentiate the different reasons: (1) the UE does not receive the UL grant correctly; (2) the UE fails to grab the channel; and (3) the UE transmits but the eNB does not receive due to the bad link quality. This could result in improper HARQ combining.

Therefore, some methods should be available for the eNB to distinguish (1) and (2) from (3). This can be done either implicitly or explicitly using UL signaling to inform the eNB. One implicit method for transmission status indication is for the eNB to blindly detect the DMRS presence of a related PUSCH transmission. If the received power of the UL reference signal (i.e., DMRS) is less than a given threshold, the eNB can assume that nothing is transmitted by the UE due to the LBT failure or the missing UL grant.

[bookmark: _GoBack]Performance evaluation of DMRS detection
In this section, we present link evaluation result for the DMRS based DTX detection. The simulation is done for one interlace (i.e 10 PRB) resource allocation in a 20MHz system, using a 1Tx-2Rx antenna configuration and the SCM channel model with 3km/h. Gausssian noise is assumed. The false-alarm probability (P_fa) refers to the probability that eNB falsely detects DMRS presence when no signal (PUSCH and DMRS) was transmitted. The missed detection probability (P_missed) is defined as the probability that eNB determines no DMRS presence when the UE transmitted PUSCH and DMRS.
As shown in Figure 1, the DTX threshold has been adjusted to meet the target of 1% false alarm probability. Under this condition, the required SNR to achieve 1% missed detection probability is about -7dB.
[image: ]
Figure 1. The performance of DMRS based method for DTX detection
The performance is generally considered as sufficient under normal conditions. However, in LAA, the collision may occur, which could result in very low SINR if the interference is very strong.

When collision happens and the interference is strong, the eNB may not be able to detect DMRS successfully. However, when the eNB does not detect DMRS, it would assume there is no PUSCH transmission. So the natural eNB behavior is to discard all the soft information from this transmission. Since the interference is so strong, the value of the soft information contained in this PUSCH transmission would be very limited anyhow, so the impact would be negligible even if the eNB does not detect DMRS.
So in this sense, PUSCH DTX detection based on DMRS should be sufficient, and there is no need to introduce explicit signaling.
Observation 2: The eNB can use DMRS presence detection for PUSCH DTX detection.
Explicit signaling, as also discussed in RAN1, has the drawback that the information about UE DTX can only be conveyed after LBT failed. Even though the information would be signaled on a licensed band UL, such signaling can earliest happen in the next or second next UL subframe as UE would needs to prepare the related control message before transmission. Clearly, such late indication is not really helping the HARQ combining issue, as this information would need to be know already at the time of soft combining and storing resulting LLRs. Therefore, some implicit method for UE DTX detection is clearly preferable.
Proposal: No explicit signaling is introduced to indicate the LBT status for a PUSCH transmission, as DMRS presence detection can be used for PUSCH DTX detection.

Conclusion
In this contribution, we discussed the issue of PUSCH DTX detection, and had the following observations and proposal:  
Observation 1: When an eNB does not correctly decode scheduled PUSCH, the eNB may not be able to differentiate the different reasons: (1) the UE does not receive the UL grant correctly; (2) the UE fails to grab the channel; and (3) the UE transmits but the eNB does not receive due to the bad link quality. This could result in improper HARQ combining.
Observation 2: The eNB can use DMRS presence detection for PUSCH DTX detection.
Proposal: No explicit signaling is introduced to indicate the LBT status for a PUSCH transmission, as DMRS presence detection can be used for PUSCH DTX detection.
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