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1. Introduction
In RAN4#48 meeting, a proposal for detection of out-of-sync and in-sync states in radio link was presented in [3] based on BLER prediction for hypothetical PDCCH formats. The predicted BLER would be used as a quality indicator for the underlying radio link and L1 would send indications to higher layers for the purpose of detection of link failure and recovery. It was also agreed that interested companies would evaluate the feasibility of this method using a practical receiver [2]. In this contribution, we present further details on this approach relating to L1 filtering, the need for L3 filtering and operation in DRX mode. 

2. Radio link failure and recovery considerations
Several aspects of radio link failure (RLF) and radio link recovery (RLR) are being discussed on the RAN2 reflector at the moment. Some of the key issues being considered are:

· Whether L3 filtering is required or if L1 filtering is sufficient to provide accurate link state detection? If L3 filtering is required, how long should it be?

· How are evaluation periods for out-of-sync and in-sync determined for the DRX mode?
· If the UE is in DRX when it detects a RLF, does it stay in DRX mode or revert back to non-DRX to monitor for in-syncs in recovery mode (after the T310 timer is started)?

In connection to the above listed points, we make the following observations. We note that RAN4 might have to wait for decisions from RAN2 on some of these, and might have to liaise with RAN2 on some others.
1. If there is a L3 filter, the reliability of detection of RLF (or alternately, the false detection probability of a link failure when the link is actually of good quality) is dependent on the cumulative performance of L1 and L3 filters. The length of the filters and mechanism used in the L3 filter primarily determine the overall detection reliability. One approach would be use a long L1 filter so that RLF/RLR detection is very reliable without the need for a L3 filter. But, dividing the filtering performed between L1 and L3 might allow for greater NW flexibility in controlling the trade-off between overall detection reliability and the overall filter duration (or the reaction time to a link failure or recovery event) by allowing for a L3 filter whose duration is configurable by the NW. Unreliable state detection (which could be due to a short L1 filter for example in very slow fading) would lead to an undesirable ping-pong effect between RLF and RLR states. Therefore, an L3 filter would be desirable.
2. As discussed in [4], 10-20 (uniformly sampled) subframes are sufficient for accurate BLER estimation in a out-of-sync/in-sync evaluation window of 200 ms. This observation can be used to determine the evaluation periods for DRX mode by the approach of scaling similar to that adopted for deriving RSRP/RSRQ measurement periods in 36.133. This approach has also been suggested in [5].
3. If the UE is in DRX when RLF is detected, the UE should make every attempt to recover the link and a mechanism that allows for rapid detection of link recovery should be in place. Therefore, it would be desirable to have the UE revert to non-DRX mode on RLF detection. The T310 timer that is started on an RLF event therefore, does not need to be scaled.
3. A scheme for RLF/RLR
Based on the considerations in the previous section, we propose the following model for link failure and recovery detection (also presented in [6]). 

RLF detection:
· In non-DRX mode, out-of-sync/in-sync indications can be sent by L1 to higher layers once every 10 ms. The L1 filter is a sliding window filter of a duration equal to [200] ms. 
· In DRX mode, in-sync/out-of-sync can be at least once every DRX cycle. One example of how the L1 filtering can be carried out is as follows. The L1 filter, for example, can comprise of filtering over observations from multiple DRX active times. The out-of-sync indication from L1 to higher layers is sent at least once every DRX cycle. For example, if the DRX active time in a given DRX cycle is 30 ms long, up to three out-of-sync indications separated by 10 ms each can be generated by L1.  

· L3 filtering is needed; L3 filtering uses same number of out-of-sync indications for both DRX mode and non-DRX mode to declare RLF. The idea is to achieve similar RLF/RLR detection reliabilities both in non-DRX and DRX modes.
· L3 filtering can be done in the following ways: 
· UMTS approach: N313 consecutive out-of-sync indications to declare RLF and N315 in-sync indications to declare recovery. 
· GERAN approach: UE maintains a "radio link counter" that is initialized to a value of 'RADIO_LINK_TIMEOUT'; each time L3 gets an out-of-sync indication, "radio link counter" is decremented by 1. Each time L3 gets an in-sync indication, "radio link counter" is set to min(radio_link_counter+2, RADIO_LINK_TIMEOUT). T310 is started when "radio link counter" reaches 0. 
· We prefer the GERAN approach because, in addition to all the RLF events identifiable by the UTRA L3 filter, the GERAN L3 filter also captures cases for instance where a few in-sync indications are dispersed in a long sequence of out-of-sync indications, thus ensuring increased robustness.
Post RLF detection:
· Upon RLF detection T310 is started and UE reverts back to non-DRX if it was in DRX when RLF was detected (i.e., UE exits DRX; given that RLF has occurred, as explained earlier, the UE's priority should be to quickly recover connection). Hence T310 does not need to be scaled. Also, if the UE was in DRX when RLF was detected, the in-sync evaluation period (corresponding to Qin) threshold is not scaled as a function of DRX.
· In the GERAN approach, if "radio link counter" reaches X (> 0; value FFS) T310 is stopped and UE declares connection recovery.
As indicated earlier, several of these issues are being discussed in RAN2 WG at the moment. However, we propose that RAN4 discuss some of these issues so that suitable performance analysis / simulation studies can be planned for to finalize some of the details. Some aspects that require a quantitative study are

· L1 filter duration,
· L3 filter mechanism (UTRA approach vs. GERAN approach), 
· duration of L3 filter (N313, N315 or alternately RADIO_LINK_TIMEOUT), and
· overall target reliability required for RLF/RLR detection after L3 filtering.
4. Out-of-sync and in-sync evaluation periods
For non-DRX mode, an evaluation period larger than 200 ms is not well justified in the presence of a L3 filter as the BLER estimation for hypothetical PDCCH formats is quite accurate [4]. The current RAN1 assumption is that L1 sends an out-of-sync or in-sync or no indication once every 10 ms to higher layers. A sliding window L1 filter is therefore implied for example if the L1 filter duration is 200 ms.
As discussed in [4], 10-20 subframes in an evaluation period of 200 ms are sufficient for accurate BLER prediction. In DRX mode, if we assume that each DRX wakeup provides for a 2 ms observation, 5-10 DRX cycles are sufficient for reliable out-of-sync and in-sync detection. The exact evaluation period required also depends to a large extent on the length of the L3 filter and the overall accuracy required for RLF/RLR detection. Shorter evaluation periods as suggested in [5] – 5*DRX_cycle for out-of-sync and 3*DRX_cycle for in-sync -- would work as long as the L3 filter durations are long enough. A sliding window L1 filter similar to that in the non-DRX case can be used for DRX mode with the difference that a few out-of-sync/in-sync indications are sent to the higher layers once every DRX cycle. At least, one indication can be sent by L1 once every DRX cycle. If the wakeup duration in a DRX cycle is larger than 10ms, more indications with say, 10 ms spacing between indications, can be sent by L1 when the DRX wakeup occasion spans multiple radio frames. 
5. Selection of Qout and Qin levels
The Qout and Qin levels can be chosen as follows. 

For in-sync detection we consider the following factors for selecting the Qin level.
1. Since, it is assumed that the normal mode of operation requires PDCCH BLER to be not greater than 1%, for link recovery detection, Qin should be no less than 1%.
2. There is a BLER uncertainty associated with estimation (of +/- 1% at BLER ~ 2%). The situation where BLER estimate is larger than the actual BLER leading to a failure in detecting link recovery should be avoided by choosing a Qin value larger than or equal to 2%. At the same time, a link recovery should not be declared prematurely before link becomes sustainable (say, defined as PDCCH BLER = 1%).
Based on these, Qin = 2% seems like a reasonable choice as also suggested in [7].

It is important that there is sufficient hysteresis between Qin and Qout levels so that the probability of ping-pong effect is minimized in any fading profile. For Qout level selection, the situation where a link failure resulting from L1 sending several out-of-sync indications to higher layers when the channel quality is good but is in a temporary deep fade should be avoided as ping-pong effect will ensue. So, the choice of Qout should be such that is large enough to avoid ping-pong, but should be small enough to quickly identify an unsustainable link. Based on these arguments, Qout in the range of 5-10% seems reasonable.
6. Conclusion
In this contribution, further details on RLF/RLR based on the out-of-sync/in-sync detection method proposed earlier in [3] were presented. An L3 filter is required to better control the trade-off between link state detection accuracy and reaction time. If there is sufficient progress on this topic in RAN2 and if there is consensus in RAN4 regarding some of the issues discussed in this contribution, simulation studies can be planned for by interested companies in RAN4 to finalize some of the details pertaining to L1 filter duration, L3 filter mechanism (UTRA approach vs. GERAN approach), duration of L3 filter (N313, N315 or alternately RADIO_LINK_TIMEOUT) and other aspects.
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