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Introduction

In RAN4 #57, we discussed PUCCH format 2 performance with DTX detection [1]. This paper discusses additional aspects and use cases for the DTX detection of CQI, and proposes way forward on this issue. 
Use case 1: Detection of UE’s disconnection due to the out of service area
How to detect UE’s disconnection due to the out of service area of certain eNB is essential topic for resource management on eNB. Network operators would need steady and accurate method to detect such UE’s disconnection. In general, the following methods can be considered. 

· Option 1: Direct detection using periodic signal, 
· E.g. to detect DTX of periodic signals
· CQI or SRS would be a candidate of the periodic signal, and obviously the CQI would be much better than SRS in terms of the link budget

· Option 2: Indirect detection using aperiodic signal, 
· E.g. to observe irregular behaviours of PUSCH, such as excessive number of HARQ retransmissions for PUSCH
Option 1 would outperform Option 2 in terms of the accuracy and quickness of the detection, because Option 1 could more directly verify UL radio link failure than Option 2, which would be affected by DL radio link problems, such as UL grant errors, as well as UL. One disadvantage of Option 1 would be performance degradation due to the DTX detection, which will be discussed further in the following section. In summary, there is a trade-off between missed detection performance of CQI and accurate detection of UE’s disconnection.
Use case 2: Reliability improvement of CQI value
Regarding the MAC layer (eNB scheduler) point of view, it would be beneficial to distinguish reliable CQI values from erroneously decoded CQI values, which would degrade DL throughput performance. It is noted that “CQI to DTX errors” would not provide negative impact for the DL performance, because in general slightly old CQI or average CQI could be used when reliable CQI is unfortunately discarded due to the DTX detection. 

Other use cases
· Detect mismatching of resource between eNB and UE in particular situation, e.g.: 

· mismatching of resource due to time lag on the RRC reconfiguration message,
· UE’s resource release due to TA timer expiry or dsr-TransMax.
· Detect the unexpected DTX of PUCCH format 2 due to unexpected simultaneous transmission of aperiodic CQI in particular situation, e.g.: 
· when the false alarm of the UL grant is occurred at UE side.
Proposed way forward
As observed above, a number of use cases could be considered about the DTX detection of CQI. As discussed above, the missed detection probability might be degraded by introducing DTX detection for CQI, and it should be further studied. However it is valuable to note that the joint RS and data detection have been discussed in Rel-10 [2 - 4], and it will not only improve PUCCH performance of new format (format 1 wCS or format 3), but also recover the degradation of the missed detection probability due to the DTX detection. For example, the performance of PUCCH format 2 using the joint RS and data detection with DTX detection of CQI would be almost same to that in Rel-8, as shown in [1]. Considering balancing between the merit of DTX detection of CQI and implementation impact of the joint RS and data detection, we would like to propose optional requirements about PUCCH format 2 with DTX detection using the joint RS and data detection for Rel-10 BS. Proposed way forward is as follows:
· First, RAN4 should verify the gain and feasibility of the joint RS and data detection for Rel-10 BS.
· Then, RAN4 should discuss the feasibility of DTX detection of CQI using the joint RS and data detection. 

· If DTX detection of CQI is typical implementation for BS using the joint RS and data detection, then optional requirement about PUCCH format 2 with DTX detection using the joint RS and data detection for Rel-10 BS should be specified.

Regarding the first point, DOCOMO provides performance comparison between joint RS and data detection and separate RS and data detection about PUCCH format 1 wCS and format3 [5].
Conclusion

This paper discusses a number of use cases about DTX detection of CQI, and proposes following way forward.
· First, RAN4 should verify the gain and feasibility of the joint RS and data detection for Rel-10 BS.

· Then, RAN4 should discuss the feasibility of DTX detection of CQI using the joint RS and data detection. 

· If DTX detection of CQI is typical implementation for BS using the joint RS and data detection, then optional requirement about PUCCH format 2 with DTX detection using the joint RS and data detection for Rel-10 BS should be specified.
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