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1 Introduction
In the RAN2#93bis meeting, the DTX detection and UL HARQ retransmission were discussed. RAN2 reached the following agreements [1]:
	· For retransmission colliding with SPS resources we will not only rely on adaptive retransmissions.   FFS if the UE can retransmit on the SPS resources if no new data is available.  


From our understanding, the DTX detection also impacts the UL HARQ retransmission. In this contribution, we discuss in-details of the DTX detection issue and how to handle the related UL HARQ retransmission.
2 Discussion
2.1 DTX detection error rateAccording to the current eNB implementation, the DTX detection at the eNB is always needed to determine whether the received soft bits should be stored. According to 36.104 [2], the DTX detection error rate of the eNB is less than 1% for each PUSCH transmission. However while the UE is enabled to ignore the UL grant, the UE will keep ignoring several UL grants while it has no data for transmission. This will make the DTX detection error more severe than the legacy LTE. Additionally, as the UL HARQ process numbers are limited, this means that when the UE ignores more than 8 UL grants (assuming the UL process number for the configured UL grants is 8), the subsequent ignored UL grants (after 8 ignored UL grants) will be overlapped with previous UL HARQ process. Then the DTX detection for each PUSCH is not totally independent with each other. Thus the DTX detection error rate of PUSCH may accumulate while the UE keeps ignoring several consecutive UL grants.
Observation 1: The issue of the DTX detection error will become more severe while the UE keeps ignoring UL grant(s).
Observation 2: The DTX detection error rate of PUSCH may accumulate while the UE keeps ignoring UL grant(s).

In addition, the PUSCH could also include the HARQ feedback. If the UE ignores the UL grant, the HARQ feedback will be sent in the PUCCH. However the eNB does not know if the UE ignores the UL grant. Thus the eNB has to blindly decode PUCCH and PUSCH. This will also increase the DTX detection error rate of PUSCH.

Observation 3: The DTX detection error rate at the eNB increases while the UE ignores the UL grant, as the eNB has to blindly decode PUCCH and PUSCH so as to get the HARQ feedback. 
According to Observation 1/2/3, we think that the DTX detection of PUSCH is not reliable at the eNB, while ignoring UL grant is enable. As RAN1/4 may define new requirements for the DTX detection error rate of PUSCH, we think that the detailed evaluation of the DTX detection performance and the related solution(s) should be discussed by RAN1/4. Note that RAN1 has an on-going discussion related to the DTX detection in the eLAA regarding the LBT issue, but is not aware that the UE can ignore the UL grant in other cases.
Proposal 1: Send an LS to RAN1 to inform them of the DTX problem observed by RAN2.
2.2 UL HARQ2.2.1 Adaptive retransmission

If the UE ignores the UL grant, the eNB may store the soft bits for the corresponding UL HARQ process, and sends an NACK feedback of PHICH to the UE to get the retransmission from the UE, while the eNB experiences the DTX detection error of PUSCH. According the current procedure of UL HARQ, the eNB may try adaptive re-transmission of the UL HARQ by using DCI format 0 [3] including 1 bit “New data indicator”. Note that DCI format 0 does not indicate “HARQ process number”. However the UE receives the UL grant does not know if “New data indicator” is toggled by the eNB, as the UE ignored the UL grant for the corresponding HARQ process and consider that the DTX should be detected by the eNB. Thus the UL grant which the eNB considers as an adaptive retransmission for the UL HARQ will be used for a new transmission by the UE, if the DTX detection error happens.
Observation 4: While ignoring UL grant is enabled, the current adaptive retransmission of UL HARQ cannot work if DTX detection error happens at the eNB, as the UL grant which the eNB considers as an adaptive retransmission for the UL HARQ will be used for a new transmission by the UE.
2.2.2 Non-adaptive retransmission

According to the current specification, the non-adaptive retransmission is not allowed in the configured UL grant. If RAN2 allows the non-adaptive retransmission. Then the eNB may not send any UL grant for retransmission. If the UE ignores an UL grant and the eNB experience a DTX detection error. The eNB will store the soft bits at the corresponding HARQ process and wait for a retransmission. Then a subsequent new transmission of the UE will be considered as a retransmission by the eNB. Then the UL HARQ RV between the eNB and the UE will be mismatched. 
If the UL HARQ RV is mandated to be “0” for the non-adaptive retransmission, the redundant bits are quite limited in the retransmission as each transport block of HARQ RV0 includes all the systematic bits. This kind of HARQ combining is also known as “chase combining”. The performance of HARQ combining will degrade. Furthermore, the DTX detection error may cause a failure of the HARQ combining even though the HARQ RV is set to “0” for each transmission, as the eNB with the DTX detection error will combine the soft bits (which could include the wrong soft bits from the DTX detection error) from each transmission for the same HARQ process first and then decode the combined soft bits.
Observation 5: The DTX detection error will cause the HARQ RV mismatching if non-adaptive UL HARQ is allowed at the configured UL grant.
Observation 6: The performance of HARQ combining will degrade if the HARQ RV for each transmission is set to “0” and if non-adaptive UL HARQ is allowed at the configured UL grant.
Observation 7: The DTX detection error will cause the failure of the HARQ combining even though the HARQ RV is set to “0” for each retransmission if non-adaptive UL HARQ is allowed at the configured UL grant.
According to the above observation 4/5/6/7, we think that how to handle the retransmission of the configured UL grant should be discussed after resolving the DTX detection problem. For example, RAN1 may decide to use the asynchronous and adaptive HARQ for the UL if ignoring UL grant is enable.
Proposal 2: How to handle the retransmission of the configured UL grant should be discussed after resolving the DTX detection problem.
3 Conclusion
According to the analysis above, we have observed serval issues related to the DTX. Observation 1/2/3 are related to the evaluation of the DTX detection error rate. Observation 4/5/6/7 are related to the UL HARQ issues once a DTX detection error occurs. And we think the issue of DTX detection error needs to be resolved. The Observations and Proposals are listed as follows:
Observation 1: The issue of the DTX detection error will become more severe while the UE keeps ignoring UL grant(s).

Observation 2: The DTX detection error rate of PUSCH may accumulate while the UE keeps ignoring UL grant(s).
Observation 3: The DTX detection error rate at the eNB increases while the UE ignores the UL grant, as the eNB has to blindly decode PUCCH and PUSCH so as to get the HARQ feedback. 

Observation 4: While ignoring UL grant is enabled, the current adaptive retransmission of UL HARQ cannot work if DTX detection error happens at the eNB, as the UL grant which the eNB considers as an adaptive retransmission for the UL HARQ will be used for a new transmission by the UE.

Observation 5: The DTX detection error will cause the HARQ RV mismatching if non-adaptive UL HARQ is allowed at the configured UL grant.
Observation 6: The performance of HARQ combining will degrade if the HARQ RV for each transmission is set to “0” and if non-adaptive UL HARQ is allowed at the configured UL grant.
Observation 7: The DTX detection error will cause the failure of the HARQ combining even though the HARQ RV is set to “0” for each retransmission if non-adaptive UL HARQ is allowed at the configured UL grant.

Proposal 1: Send an LS to RAN1 to inform them of the DTX problem observed by RAN2.

Proposal 2: How to handle the retransmission of the configured UL grant should be discussed after resolving the DTX detection problem.
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