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1. Introduction
In UTRA, the physical layer estimates the quality of radio links and reports, on radio frame basis, to higher layers the synchronization status via synchronization primitives ‎[1]

 REF _Ref174863634 \r \h 
‎[2]. Reporting radio link quality status to higher layers will also be needed in E-UTRA as indicated in the radio link failure handling discussed in ‎[3]. Quick and reliable detection of radio problems is beneficial e.g. in order to avoid causing unnecessary interference in uplink, waste of resources in downlink and unnecessarily long delays before cell reselection can take place. In this contribution, some aspects on the radio link synchronization monitoring are briefly discussed.
2. Radio problem detection
The behavior associated to radio link failure in E-UTRA is described in section 10.1.6 in ‎[3] and consists of two phases as illustrated in Figure 1. As shown by the figure, the first phase is triggered when “radio problem detection” has been indicated and leads to radio link failure after a certain time if not recovered. The second phase starts when radio failure detection has been indicated and triggers some RRC procedures. Furthermore, in the second phase the mobility handling is left to the UE.
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Figure 1 Radio link failure (figure 10.1.6 in ‎[3]).
Similar as in WCDMA, in order to specify certain physical layer behavior for radio problem detection, the following aspects need to be addressed:
· Selection of suitable signals and/or channels for monitoring the radio link quality
· Define some criteria for evaluation of the radio link quality, including thresholds and measuring periods

· Triggering of reporting radio link status to higher layers
· Mechanism for reporting, or indicating, DL radio problem detection to the network when UL scheduling grants cannot be received.
Below, some of these aspects are further discussed related to radio problem detection in downlink.
3. Downlink physical layer signals and channels

All downlink physical layer signals and channels represent in principle candidates to base the radio problem detection on, indirectly or directly. Following observations can be done:
· Reference signals, synchronization signals, primary BCH and PCFICH are transmitted periodically

· Error detection via CRC of transport blocks mapped to PBCH and PDSCH, and of control data mapped to PDCCH
· Some uplink transmissions shall result in downlink responses through PDCCH and PHICH
An advantage of considering periodically transmitted signals and channels is that the reporting instants of radio problem detection to higher layers can be known in advance. Using shared channels for monitoring the radio link quality in E-UTRA may lead to an unpredictable reporting delay due to absence of scheduled data.
4. Criteria for radio problem detection in downlink
For downlink operations, it seems natural to characterize radio problem detection as a UE not able to detect PDCCH and/or PDSCH under a certain time period. Besides not being able to receive any user data, consecutive CRC failures of the control data would also imply that the UE cannot receive any uplink scheduling grants as well as not respond to uplink TPC and TA commands, which are vital for the system to operate properly.

However, for the PDCCH the UE ID is implicitly encoded into the CRC which implies that a CRC failure may not be due to bad radio link conditions, i.e. the packet was aimed for another UE. For that reasoning, judge radio problem detection on e.g. high number of consecutive CRC failures of control data mapped to PDCCH appears to be less useful.

Checking the CRC of transport blocks mapped to PDSCH could be one possibility to monitor radio problem detection. Demodulation of PDSCH requires that the associated PDCCH was correctly detected, but the PDCCH should be significantly more robust than PDSCH. In this case, the rate adaptation has resulted in lowest possible user data bit rates but still the UE responds with consecutive NACKs to eNodeB. However, a potential drawback to base radio problem detection only on e.g. a high number of consecutive CRC failures of transport blocks of PDSCH is that the absence of scheduled data will lead to an unpredictable and possibly very long reporting delay.
The reference signals are sent periodically and are distributed over the whole system bandwidth. Monitoring some quality metric such as e.g. SIR or pilot symbol error rates of the reference signals and report radio problem detection when quality metric is above a certain threshold could be an alternative or an addition to the above PDSCH CRC checks. However, bad quality of the common reference signals does not necessarily reflect the perceived quality of downlink physical channels PDCCH and PDSCH, although they would likely be correlated. Additionally, a quality metric can also be associated with synchronization signals such as e.g. the correlations between receive synchronization signal and considered serving primary synchronization signal are below a certain threshold.

Error detection through CRC is also provided on system information mapped to the PBCH, which are sent periodically and thus will have a predictable reporting delay. Thus, consecutive failures to read the physical broadcast channel could be used for indicating radio problem detection. However, the quality of PBCH does not necessarily reflect the perceived quality of PDCCH and PDSCH.

The eNodeB will regularly, but not necessarily periodically, transmit uplink TPC commands that are addressed to a group of UEs. If a UE that belongs to a certain group has not detected such commands within a specified time interval, it could report radio problem detection to higher layers. The same concept is also applicable to other control formats that e.g. include time alignment commands, although these commands are sent in-band and are likely sent less frequently than the e.g. uplink TPC commands.

The eNodeB will transmit PCFICH in the first OFDM symbol in every sub-frame. There will be three known sequences of 32 bits sent via PCFICH to indicate either 1, or 2 or 3 OFDM symbols. As a quality metric of PCFICH, a UE can evaluate bit errors or soft values of the received sequences during a certain and pre-defined time interval and report radio problem detection when the quality metric exceeds a certain threshold. The same concept could also be applied to PHICH.
To base lack of feedbacks from some uplink transmission as indicators for radio problem detection could be another possible way to judge the downlink radio link quality. However, it will not be clear if the lack of feedback response is due to radio problem detection in uplink or downlink. This makes the use of such methods for radio problem detection less attractive.
5. Radio problem detection based on combined channels 

It may not always be possible for the UE due to DRX or lack of scheduling to obtained sufficient number of measurement samples in a stipulated time for detecting radio link problem. However, to speed up the detection process several physical signals and channels can be sampled in a dynamic manner as outlined below. 

Let’s assume there are M physical channels (e.g. PBCH, PDSCH, etc), which can potentially be used by the UE for the detection of radio link problems. Then the radio link failure condition is detected if at least X% (0≤X≤100) of the aggregate number of consecutive measurement events (or samples) of different physical channels are erroneous and exceeds or becomes equal to certain threshold (K1).
The error event for a particular channel would depend upon the type of channel. For instance it can be declared when the quality of a channel goes below the desired threshold (SNR, BER etc) or if CRC failure occurs. Secondly the error event detection is based on mainly single measurement sample of a particular signal/channel, e.g. SNR of synchronization signal measured over a single OFDMA symbol or PBCH CRC failure over a single transport block etc. The condition for defining an error event for each channel can be set one or more of the following ways: configured by the network, a standardized value, based on UE implementation or combination thereof.  

The aggregate number can be obtained by defining a suitable function, as illustrated by 
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A minimum time period could also be specified over which the detection should be performed even if the aggregated number of error events exceeds the limit (K1).
6. Notifying DL radio link failure to the network
When radio problem detection occurs in downlink, the UE cannot receive uplink scheduling grants and thus is not allowed to transmit any uplink data through PUSCH. In order to notify the network about radio link failure in downlink, some methods that do not require uplink scheduling grants have to be considered.

One possible solution could be to specify a particular RACH message to notify radio problem detection, presuming that preserved time synchronization can be verified or assumed. For example, the UE reports radio problem detection by sending a unique pattern (UE specific) of signature sequences on RACH channel, e.g. 4 signature sequences sent in successive RACH time slots. The unique pattern could be derived by a suitable hashing function. The reception of this unique pattern would indicate to the network that a particular UE has radio link failure. 
Another possibility could be that network proactively assigns the UL scheduling grant when the reported measurements are at the minimum level and the network expect that UE is on the verge of loosing downlink coverage. The UE shall then report radio problem detection via higher layer using this proactively assigned grant. However, this latter solution is less desirable as it could lead to the wastage of UL grants.

A third way of notifying the network would be to stop sending CQI or other measurement reports, such that the network can consider downlink radio problem detection if not received any reports within a certain time interval. However, the reasoning for not receiving such reports could also be due to some uplink radio problem detection.
7. Proposal
We propose to use the combination of several physical signals and channels for indicating downlink radio problem detection in order to speed up the radio link detection in particular when UEs operates in DRX mode. The sub-set of the downlink channels used by the UE can be adjusted dynamically depending upon which channels are available at a particular measurement instance. We also propose to specify a particular RACH message for reporting downlink radio link failure to the network.
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