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1
Introduction
In the recent RAN4 meetings, out-of-synchronization in LTE UE was discussed [1-3], but no consensus has been achieved so far. This contribution discusses how RAN4 should define out-of-synchronization in LTE UE. 
2 Discussion

2-1 Out-of-synchronization in WCDMA UE
In WCDMA, UE detects out-of-synchronization based on the DPCCH quality, i.e. UE compares the DPCCH quality level to the threshold Qout and Qin [4]. The threshold Qout and Qin are defined based on the reliability of the TPC commands. The rationale for using the TPC command reliability is that if the TPC commands transmitted on the downlink DPCCH are not reliable, UL transmission power will be out of control and UL interference will increase. UE, which detects the quality degradation of the TPC commands, shall shut its power off to avoid the UL capacity loss due to the increase of UL interference. In WCDMA, the threshold Qout and Qin are not adjustable, i.e. not signalled by NW, but fixed. They are implicitly defined by the RAN4 performance requirements.
However, it should be noted that NW can control out-of-synchronization in WCDMA UE by transmission power of the TPC commands, because they are not common signals, but dedicated signals. For example, when Node B detects radio link problem in UL based on UL DPCCH quality, it will shut off its transmission power of the TPC commands, which leads UE to detect out-of-synchronization and to indicate radio problem detection status to higher layers.
2-2 Out-of-synchronization in LTE UE

As discussed above, NW can control the border between in-sync and out-of-sync in WCDMA UE by setting the transmission power of the TPC commands appropriately. In LTE, on the other hand, NW cannot directly inform UE of UL radio link problem when it happens, because there are no dedicated signals in downlink and out-of-synchronization would be detected by using DL RS quality. It is true that NW could adjust the transmission power of DL RS in order to align DL cell size with UL cell size. If such adjustment worked perfectly, DL and UL out-of-synchronization would happen simultaneously. However, such adjustment would not work perfectly in real network, because the power adjustment for DL RS is less flexible than in WCDMA and the threshold Qin and Qout is expected to be fixed. In general, the border between out-of-sync and in-sync would depend on NW policy. Furthermore, the threshold might depend on bandwidth and transmit antenna configuration as discussed in [3]. Therefore, it would be quite difficult to define the threshold values which are optimized for every NW. Therefore, it is felt that the threshold Qin and Qout in LTE should be adjustable, i.e. signalled by NW, so that NW can control out-of-synchronization appropriately. 

The problems discussed in the previous paragraph would be more significant when DRX is used or when UL time alignment is not maintained. When DRX is used, the transmission of UL signals, such as sounding RS and PUCCH format 2 (CQI), would be less frequent, and it would be more difficult for NW to detect radio link problems in uplink. Furthermore, when UL time alignment is not maintained, UE would never transmit UL signals except for random access preambles and NW could never detect radio link problems in uplink even if it happens. From a network operator point of view, it should be avoided that both NW and UE do not recognize radio link failure, which has already happened, i.e. it is strongly required that both NW and UE should recognize radio link failure and indicate it to higher layers as soon as possible when it happens.
To address these problems, we propose two options below:
Option 1: Signal the threshold Qin and Qout 
One of the simplest solutions is to signal the threshold Qin and Qout to UE. In this option, UE would detect out-of-synchronization using the threshold Qin and Qout, which is signalled by NW, and therefore NW could optimize the border between out-of-sync and in-sync based on its own policy, channel bandwidth, transmit antenna configuration and so on.
It is noted that if the threshold Qin and Qout is signalled to UE, it would be needed to define metrics which should be compared to the signalled threshold Qin and Qout. We propose two alternatives of the metric definition. One is wideband CQI, which has already been defined in TS 36.213 [5] and we don’t have to discuss the details of the definition. The other is DL RS symbol error rate, which is similar approach to the current WCDMA requirements, i.e. 20%/30% TPC command error ratio level. In this case, the threshold Qin and Qout corresponding to DL RS symbol error rate could be defined implicitly by RAN4 performance requirements.
Option 2: Reuse Qrxlevmin when DRX is used or uplink time alignment is not maintained
As discussed above, when DRX is used or uplink time alignment is not maintained, the problems would be more significant. One simple solution is to reuse Qrxlevmin in these modes, because they would be similar to idle mode. The advantage of this option is that we don’t have to change the current RAN2 specifications, i.e. we don’t need any new signalling. The disadvantage of this option is that SIR-based metric would be more appropriate than S-based metric (RSRP) in connected mode, and that RAN4 need to define two kinds of tests, Non-DRX mode and DRX mode. 

NTT DOCOMO prefers Option 1 because NW and UE could detect radio link problems in more appropriate timing in Option 1 than Option 2. 
Proposal 1: LTE UE shall detect out-of-synchronization using the threshold Qin and Qout, which is signalled by NW.
If Proposal 1 is not agreeable, Option 2 would also be acceptable. Using this option, we could solve the problems on the detection of out-of-synchronization when DRX is used or UL time alignment is not maintained. 
3 Conclusions

In this contribution, we presented out views on out-of-synchronization in LTE UE. It was pointed out that it would be difficult for NW to adjust the border between out-of-sync and in-sync. This problem would be more significant when DRX is used or UL time alignment is not maintained, because there are no UL signals, such sounding RS and PUCCH format 2 (CQI), and NW cannot detect radio link problems in UL even if it happens. Therefore, it is proposed that LTE UE shall detect out-of-synchronization using the threshold Qin and Qout, which is signalled by NW (Option 1 above). 
Proposal 1: LTE UE shall detect out-of-synchronization using the threshold Qin and Qout, which is signalled by NW.
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