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1. Introduction
The task of monitoring radio link quality in E-UTRA was discussed in ‎[1]

 REF _Ref181512561 \r \h 
‎[2], as part of the radio link failure concept outlined in ‎[3]. The contributions ‎[1]

 REF _Ref181512561 \r \h 
‎[2] discussed combinations of quality metrics from different downlink physical layer signal and channel candidates to base radio problem detection on. In this contribution, some aspects on generating and reporting radio problem detection primitives are further discussed. We discuss how to specify related physical layer procedures and also propose which physical layer channels and signals to base the generation of radio problem detection primitives on.
2. Reporting L1 primitives to higher layers
Figure 1 illustrates the E-UTRA concept for radio link failure handling outlined in ‎[3]. In our view, the physical layer report “radio problem detection” primitives to higher layers, similar to the “out-of-sync” and “in-sync” primitives used in UTRA. By introducing such L1 primitives also for E-UTRA, quick and reliable radio problem detection can be achieved.
The physical layer indicates to higher layers at some time instants the status of the radio link quality by reporting a primitive, either in-sync or out-of-sync. When out-of-sync is reported, a higher layer timer starts and if not in-sync has been reported before T1 expires (no recovery during T1), radio link failure (RLF) occurs. In the second phase, where mobility handling is left to the UE, the RRC states goes back to idle if no in-sync has been reported before the higher layer timer T2 expires (no recovery during T2).
A radio problem detection seen by the UE could e.g. be
· Radio problem detection in downlink: Quality metrics of some downlink physical layer signals and/or channels are below certain thresholds or exceed certain number of error events.
· Radio problem detection in uplink: No feedback responses (ACK/NACK, scheduling grants, etc) from eNodeB within expected reception period (if such time period is specified) although no indications of bad downlink radio link quality.
The reporting of the primitives to higher layers could either be done on regular basis, as in UTRA, or triggered when radio problem detection occurs. In the former case, the physical layer reports in-sync as long as everything operates normally as well as when the radio link recovers during the first phase, or second phase, depicted in Figure 1. In the case of event based reporting, the physical layer will report in-sync or out-of-sync primitives only when the UE operates in the first or second phase of Figure 1.
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Figure 1: Radio link failure (figure 10.1.6 in ‎[3]).
The criteria for reporting synchronization status in ‎[4] includes an initial reporting phase initiated by higher layers, with the purpose of establish normal operation status in downlink. A particular initial reporting phase procedure could also be considered for E-UTRA.
Note: Referring to primitives used for radio problem detection by the UE as “in-sync” and “out-of-sync” might be somewhat misleading since these wordings may give the impression to be connected to uplink time alignments status. For that reasoning, primitive naming without “sync” would be preferable.
3. Proposals on specifying L1 primitives
In ‎[1]

 REF _Ref181512561 \r \h 
‎[2], candidate physical layer signals and channels for monitoring radio detection problem in downlink were discussed. In conclusions from these discussions, monitoring radio quality of several downlink physical signals and channels would be beneficial to cover different traffic scenarios including operations in DRX mode.
Physical channels and signals to base radio quality monitoring on should be part of the demodulation of data, which excludes monitoring quality of PBCH and synchronization signal. The radio quality of the reference signal has impact on the channel estimation accuracy and thus affects the demodulation of all downlink channels. Therefore, the quality of the reference signal should be part of the generation of radio problem detection primitives. The PCFICH needs to be detected in each subframe to properly read PDCCH. Therefore, the quality of the PCFICH should be part of the generation of radio problem detection primitives. The quality of the PDSCH affects the possibility to receive in-band signalling and user data. Therefore, the quality of the PDSCH should be part of the generation of radio problem detection primitives. Reference signals and PCFICH are available in all subframes whereas PDSCH can be detected when data is scheduled. 
Proposal 1: The UE base the generation of radio problem detection primitives on quality metrics of the reference signal, PCFICH and PDSCH, in which a UE uses one or more of these physical layer channels and signal depending upon their availability.
The UE estimates e.g. the quality of the reference signal over the NRS previous OFDM symbols including reference symbols from the serving cell. An error event occurs if a signal quality metric is below a threshold. This threshold can be defined by relevant tests specified by RAN4, as in UTRA but here reflecting reference symbol error rates. The UE estimates e.g. the quality of the PCFICH over NPCFICH previous subframes, and an error event occurs if the associated quality metric is below/above a threshold, depending on how the error event criterion is formulated. For example, an error event could occur if number of erroneous bits in the detected 32 bit sequence exceeds a certain number in consecutive subframes, representing some probability to detect incorrect sent sequence.  The UE estimates e.g. the quality of the PDSCH when received in terms of CRC errors that have not been recovered by HARQ. An error event occurs if NPDSCH consecutive CRC failures are observed.
Proposal 2: Radio problem detection occurs if aggregate number of error events exceeds certain threshold during a pre-specified evaluation period. The criterion is FFS, but could e.g. be the sum of error events above a certain threshold value. 
Proposal 3: A minimum time period is specified over which the evaluation should be performed. After each evaluation period, “out-of-sync” is reported to higher layers if radio problem detection occurs. When the UE operates in first and second phase of Figure 1, “in-sync” is reported after an evaluation period indicating radio problem recovery. The time instants when to report “in-sync” primitives to higher layers during normal operations (see Figure 1) could be UE implementation specific.
4. Conclusions
We have discussed procedures for generating and reporting radio problem detection primitives, with the objective to combine quality metrics of reference signal, PCFICH and PDSCH. If RAN1 agrees to the proposals in section ‎3 as working assumptions, we propose to send the companion draft LS ‎[5] to RAN2 and RAN4 to confirm if these proposals are in line with their work and view of radio problem detection.
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