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1
Introduction
In RAN2#63 several proposal on RLF handling were discussed and during the meeting it became clear that it is not completely clear how RLF detection works in lower layers in EUTRAN – This raised a few questions on the topic i.e. is L3 filtering needed in addition to L1 filtering? How does RLF work during DRX? This email discussion tries to summarize proposals from the meeting and also agreements from other groups.  And additionally if possible try to achieve common way forward to to progress RLF in RAN2. 
2
Situation in other RAN groups
2.1
RAN1

In the 36.213:

4.2.1
Radio link monitoring

The downlink radio link quality of the serving cell shall be monitored by the UE for the purpose of indicating radio problem detection status to higher layers. The radio problem detection may be based on cell-specific reference signals.

In non-DRX mode operations, the physical layer in the UE shall every radio frame check the quality, measured over the previous [200ms] period, against thresholds (Qout and Qin) defined implicitly by relevant tests in [6]. 

The UE shall indicate radio problem detection to higher layers when the quality is worse than the threshold Qout and continue until the quality is better than the threshold Qin. 

The start and stop of the radio problem detection monitoring are triggered by higher layers.

From RAN2 point of view it should not be mandatory to know if reference signal or if something else is used for RLF monitoring, but from our point of view we should know how often these indications may come and how the filtering is applied in the lower layers. The text in the 36.213 can be understood from RAN2 point of view in such a way that in non-DRX operation L2 may receive indications on in-sync/out-of-sync once every radioframe (10ms) and that the result is already measured over 200ms period.  

2.2
RAN4

In RAN4 there is still discussion on the RLF simulation assumptions and thus the details on the details how RLF monitoring is done in the lower layers is not available. But similarly to RAN1 decisions to RAN2 maybe the used signals are not so relevant but probably only the frequency of in-sync/out-of-sync indications e.g. in non-DRX/DRX. 
2.3
DRX and RLF

As L1 performs 200ms averaging for in-sync-indications in case of non-DRX, it may be considered that L1 needs to apply some different filtering in case of DRX as the measurement samples may arrive much more seldomly? But is this really relevant for RAN2 or can we just rely that L1 provides reliable filtering performance in case of DRX and non-DRX? 
NOTE: for out-of-sync indications different L1 filtering may apply. Currently it seems that RAN4 is evaluating 100ms filtering

So if L1 changes the filtering length as a function of DRX cycle and thus providing reliable results (i.e. utilizing enough samples) already from L1 is there really need to utilize anymore L3 filtering? Would L3 filtering be just a unnecessary complexity?  But if L1 filtering is not reliable e.g. by providing out-sync indications based on only few samples, would RAN2 need L3 filtering? 
Qualcomm felt that it would be safer to keep L3 filtering (similar type as the one used in UTRAN). They claimed that without quantitative analysis that shows the necessity or unnecesssity of L3 filtering, probably we should take safer side (have L3 filtering). NTT DoCoMo also clarified that they prefer keeping some form of L3 filtering. But simultaneously they said that it is not clear what other companies mean by L3 filtering. NTT DoCoMo indicated that L3 filtering is just a simple counter or a timer, but probably not both.
Motorola indicated that in their opinion some sort of L3 filtering is needed. It can be either one of these types:

· Copy-paste UTRAN approach OR
· 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. 

· Motorola prefers the GERAN approach because, in addition to all the "UTRA RLF events", it 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.
Q1: Can RAN2 assume that L1 provides reliable RLF detection? i.e. is there anymore need for L3 filtering at all? Should RAN2 prepare LS to RAN1/4 on the topic?  What is L3 filtering (timer/counter/both)?
Unfortunately it is not clear how the RLF detection works in DRX i.e. how often UE receives in-sync/out-of-sync indications. One could e.g. say that lower layers do not monitor RLF outside the DRX occasions, as that would effectively kill the meaning of DRX by dictating UE to measure own cell level more often than DRX indicates. This would then mean that those indications on the in-sync/out-of-sync may arrive much more seldomly as every radioframe. 

Q2: Is the common understanding that lower layer provides sync-indications more seldomly in case UE is in DRX as in the non-DRX? 
After several comments (e.g. from NTT DoCoMo and Qualcomm) it seems that companies think that RAN2 cannot progress the issue so much until we receive indication from RAN4 how to progress the issue of DRX and RLF i.e. it was seen as very difficult to agree on the model for the DRX case, without knowing e.g., how often the Qin/ Qout indications are reported from L1 during DRX, and what these indications imply.

It was also seen by Qualcomm and NTT DoCoMo that it would most probably be problematic if we prolong T310 (time to get back to sync) a lot if UE has longer DRX as the new cell selection is only allowed after T310 expiry as the UE would be “out-of-service” for that time.

Motorola indicated that in DRX, in-sync/out-of-sync can be at least once every DRX cycle and that L3 filtering uses same number of out-of-sync indications for both DRX mode and non-DRX mode to declare RLF. Compared to other proposals Motorola indicated that upon RLF detection T310 is started and UE stays awake (i.e., UE exits DRx; given that RLF has occurred, the DRx state is not meaningful as they claim that UE's priority should be to quickly recover connection). With this approach there is no need to scaling of T310 (as UE is always in non-DRX when T310 is running). If the GERAN way of L3 filtering is adopted then, if "radio link counter" reaches X (>0; value FFS) T310 is stopped and UE declares connection recovery.
Nokia commented that if UE goes to non-DRX in case RLF is detected that detection mechanism needs to be very reliable, otherwise usefulness of DRX is effectively removed.

3
Proposals from RAN2#63
3.1
Ericsson proposal – No L3 filtering

Ericsson proposal [7] is rather starighforward i.e. T310 is started whenever a “out-of-sync” indication is received from lower layers and stopped if a “in-sync” indication is received. Basicly this means that no L3 filtering is anymore applied to L1 decision on the in/out-sync. When considering RAN1 decisions on the topic it seems that already 200ms filtering is applied when UE is non-DRX and thus it may be that no L3 filtering is required. It should be remembered that during DRX there is no agreements how L1 filtering works.
NOTE: Ericsson indicated that they are fine to have L3 filtering

Q3: If answer to Q2 is yes would this require some special handling in L3 for T310 in this approach e.g. value of T310 of 100ms may be applicable for non-DRX case but in case UE is in DRX of 500ms the same timer value may not be even possibility for one in-sync indication. OR could RAN2 assume that NW reconfigures T310 whenever UE changes DRX autonomously i.e. from non-DRX to DRX (short or long)? 

3.2
Samsung proposal – UTRAN way of RLF handling

In the Samsung proposal [8] basic behaviour is taken from the UTRAN meaning following:
- If UE receives from lower layers N313 number of consecutive “out-of-sync” indications then UE starts T310

- If UE receives during T310 N315 number of consecutive “in-sync” indications UE stops T310

Basicly this offers a L3 filtering in addition to one in the L1. Behaviour during the DRX is also unclear with this proposal.

NOTE: It seems that if some L3 filtering is required then it should be somehow based on the UTRAN filtering mechanisms – Details regarding DRX are open

Q4: If answer to Q2 is yes would this require some special handling in L3 for T310 in this approach e.g. value of T310 of 100ms may be applicable for non-DRX case but in case UE is in DRX of 500ms the same timer value may not be even possibility for one in-sync indication. How about the N3XX counters in case of DRX? Should we have different counter values in case of DRX and non-DRX?

Q5: Would there be need for some similar adjustments for counters N3XX when UE moves between non-DRX and DRX?

Q6: Or could RAN2 assume that NW reconfigures RLF parameters whenever UE changes DRX autonomously i.e. from non-DRX to DRX (short or long)? 

4
Conclusion
Due to status in RAN1/4 regarding RLF in DRX it seems that it is impossible to make final decision in RAN2 reagarding which kind of filtering is needed in L3 or if none is needed. It should be acknowledged that it most companies thought that L3 filtering is required although it was not clear how filtering behaves in case of DRX.
Beginning of Text Proposal
End of Text Proposal
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