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Discussion
1. Introduction
In RAN4 meeting #46 RAN4 received a LS on radio link detection problem from RAN1 [1]. In this LS RAN1 asked to RAN4 to consider whether the proposals for procedures related to the radio link failure detection, were in line with RAN4’s work. In this contribution we give some consideration for the E-UTRAN radio link failure detection problem.
2. E-UTRAN radio link failure
The general description of radio link failure concept is depicted in TS 36.300 [2]. This procedure is divided in two phases starting from the detection of the radio link problem. In first phase the detection and verification of the radio link failure is continued and duration of the phase can be based on timer or some other criteria, like counting. At the second phase, when timer or criteria related to the first phase has expired, UE shall further continue evaluating the radio link failure and move to RRC_idle state if no recovery occurs before the second phase timer expires.
In UTRAN the synchronisation status of the radio link is indicated to higher layers by L1 primitives “in-synch” and “out-of-synch”. These primitives are used to evaluate the radio link failure in two successive phases. Based on counting the consecutive primitives reported by L1 and timer the radio link failure is verified.  As seen this is very similar to considered E-UTRAN procedure.
The generation of the L1 primitives in UTRAN is based on the observed quality on DPCCH, (TPC field of) F-DPCH and DPDCH. Criterion for the quality on DPCCH and F-DPCH is based on thresholds Qout and Qin and set by requirements in 25.101. The amount of CRC errors observed on DPDCH is used as an additional criterion. In the LS send by RAN WG1, RAN1 indicated that it is considering having rather similar approach for E-UTRAN. Thus, three different physical channels are considered for generation of the primitives (reference signals, PCFICH and PDSCH) and furthermore that aggregate number of physical layer error events exceeds a given threshold during specified evaluation period. 
It is also noted that similar to UTRAN, RAN4 should set the relevant thresholds through requirements. In UTRAN these thresholds and corresponding signal levels were developed based on the TPC error rate.
3. Radio link problem detection
As noted in RAN1 LS there are multiple physical channels that can be used to detect the radio link problem. Quality on reference signals can be evaluated to give indication of the radio link quality. Error rate (or pseudo-error rate) on PCFICH can be also monitored and, if allocated, the observed CRC errors (not recovered by HARQ) on PDSCH can be utilised. Thus in this respect all channels proposed by RAN1 can be considered to be possible. However to further evaluate the feasibility, it would be useful to consider the linking between these channels. As these channels can be considered to be complementary in respect of radio link failure detection and the errors are somewhat related it might not be necessary to use all of them in detection of the radio link problem. Fewer options would also simply UE implementation assumptions and ease requirement and related threshold setting in RAN4.
Looking PDSCH it can be quite obviously identified that the error processes on PDSCH, is related on the observed quality on reference signals through channel estimation performance. Moreover the possibility to evaluate the errors on PDSCH is dependent also on the PCFICH detection (and PDCCH detection) thereby indicating that certain minimum level of quality exists before PDSCH can be detected and errors can be evaluated. The transport format on PDSCH is under the control of packet scheduler and if PDCCH (and PCFICH) can be correctly detected, errors on PDSCH could be observed on UL signalling. Therefore it would seem that PDSCH does not necessarily offer any new information on the RL quality and could be excluded from the detection of radio problem.

Similarly as PDSCH, also PCFICH detection is dependent on the reference signal quality. However, contrary to PDSCH, PCFICH is always present. Furthermore as the PCFICH detection is required prior to PDCCH detection, it would seem as an useful indicator of the radio link quality. As control information related to uplink allocation and transmit power is carried on PDCCH obtaining some indication on it’s performance would seem appropriate. 
Summarising it might be sufficient to set the radio link problem detection criteria and requirements based solely on PCFICH, though UE may be allowed to use the reference signals to further improve the reliability. The thresholds could be set on a similar manner as done in UTRAN, by determining suitable level of pseudo-error rate for PCFICH upon which for example PDCCH could be reliably detected.
Additional aspect relates also to the UE transmit power after the detection of radio link problem. Even though not explicitly discussed in the LS send by RAN1, it would seem rather natural, that similar to UTRAN, UE should switch its transmitter off upon detecting radio link problem. In addition to mitigating the negative implications in UL it would provide a mean for verifying that UE has detected a radio link problem.
4. Conclusion
In this contribution the radio link problem detection is discussed. It is proposed that the threshold setting and evaluation of radio link problem would be based on PCFICH, in similar manner as in UTRAN. To progress this RAN4 should evaluate the achievable radio link problem detection accuracy and corresponding levels. The required observation time for reliably detect the radio link problem should be analysed, and whether that is sufficiently fast to mitigate possible degradation in UL. Additionally it should be evaluated whether these can be set in a bandwidth agnostic manner, e.g. assuming 1.4MHz bandwidth as baseline.
Furthermore it is considered whether similar procedure as used in UTRAN should be set for the UE transmit power in case radio link problem is detected.
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