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1. Introduction
In RAN4#48bis, some agreements towards finalization of requirements for radio link monitoring, radio link failure (RLF) and recovery detection were reached. The agreements were captured in the working assumptions document [2] and an LS response in [1] was sent to RAN1/2. However, there were some issues that were either not covered or left TBD in [2]. In this contribution, we present a discussion to cover those issues. 

2. Separation between successive L1 indications

When the network configures Layer 3 (L3) filter, it has to dimension the length of the filter through parameters that will ensure sufficient reliability to link failure/recovery state detection under diverse propagation conditions. For example, if UTRA-type L3 filter is adopted, then N313 and N315 are signaled in the broadcast control. The frequency at which Layer 1 (L1) indications are sent is implementation dependent. Therefore, the same value of N313/N315 might mean that L3 filter actually runs for different durations of time if two different implementations choose different L1 reporting frequency. To ensure that L3 is equipped with the capability to provide sufficient time domain averaging by suitably configuring N313/N315, we propose that, for non-DRX mode, there should be at least [10] ms separation between two successive L1 indications. 
In DRX mode, the DRX cycle length can vary from 2 ms to 2560 ms. Just like for the case of RSRP/RSRQ measurements, it is reasonable to assume that the UE monitors the link only during the wake up duration.

Therefore, we propose that there should be at least max(10 ms, DRX_cycle_length) separation between two successive L1 indications.
3. UE transmitter behavior

In [2], the UE transmitter upon detection of a link problem was left TBD. Specifically, the note said:

Editor’s note: Details on the UE transmitter requirement upon detection of radio link problem and recovery are TBD. The criterion for shutting the UE transmitter power is TBD and some options being considered are as follows.

i) The transmitter power shall be turned off within [40] ms of the higher layers receiving [2] consecutive out-of-sync indications

ii) The transmitter power shall be turned off within [40] ms of radio link failure event (evaluated after L3 filtering).

The UE shall not turn its transmitter on again until the estimated downlink radio link quality exceeds an acceptable level corresponding to Qin. 

It was agreed in RAN4 that Layer 3 filtering is necessary to ensure that link state detection (failure or recovery) is sufficiently reliable. In a similar way, for turning off the UE transmitter, the UE should have detected that a link problem exists with sufficient reliability. At the same time, the response time to link failure event should be reasonably short (i.e., of the order of 300-400 ms from the instant the link actually deteriorates). 

For non-DRX mode, this can be achieved by turning off the transmitter only if all Layer 1 indications received are out-of-syncs within a [200] ms window starting from the instant the first out-of-sync is received. The response time then would be 400 ms.
For DRX mode, for DRX_cycle less than or equal to 40 ms, the same criterion as non-DRX can be adopted. This will lead to a response time of 400 ms for these cases as well.
For DRX mode, for DRX_cycle >= 80 ms, the transmitter can be turned off after just one out-of-sync indication as there is sufficiently long L1 filtering already. The response time for this case is the same as L1 filter duration, which is DRX_cycle dependent as below.
 

	DRX cycle length (s)
	Response time = TEvaluate_Qout_DRX  (s) (DRX cycles)

	0.08
	[0.8]

	0.16
	[1.6]

	0.32
	[3.2]

	0.64
	 [6.4]

	1.28
	[6.4]

	2.56
	[12.8]


Table 1. Response time for turning off UE transmit power for DRX mode with DRX_cycle_length greater than or equal to 80 ms.

4. RLF detection in DRX mode
When the UE detects RLF in DRX mode, it was left TBD whether the UE would continue to operate in DRX or would it reduce the DRX period or switch to non-DRX. Specifically, the note in [2] said,
Editor’s note:

It is still TBD what the UE behaviour will be after the detection of radio link failure event. Some options being considered are as follows.
i) The UE continues to remain in DRX mode and uses a Qin evaluation period (TEvaluate_Qin_DRX) as specified in Table 7.4.2.2-2.

ii) The UE reduces the DRX cycle length (if it is large DRX) to [TBD] value and uses a Qin evaluation period as specified in Table 7.4.2.2-2.

iii) The UE switches to non-DRX mode and uses a Qin evaluation period of TEvaluate_Qin_DRX  = [100] ms. 

The need to a Layer 3 filter to ensure that the radio link problem (RLP) event detection is sufficiently reliable was noted in the LS in [1]. So, depending on the choice of the Layer 3 filter (UTRA-type or GERAN-type) that is adopted in RAN2, the network already has the means of configuring the parameters suitably. For example, if the UTRA-type L3 filter is adopted, the network can configure a suitably large N313/N315 parameter together with the minimum spacing requirement in Section 2 of this contribution to achieve the following:

1. The probability that the UE declares an RLF when the link is actually good can be made very small (~ 10-4) by configuring a large enough N313.
2. The probability that the UE declares link recovery (during the T310 monitoring period) when the link is actually bad can also be made very small (~ 10-4) by configuring a large enough N315.
3. Small error probabilities in failure/recovery state detection essentially means that there is negligible ping-ponging effect due to incorrect state detection.

When the UE detects an RLP event, it should primarily be concerned with recovering the link to ensure continuity of service from a end user perspective. The evaluation period for in-sync, for example, for DRX cycle length of 1.28 s is 3.84 s. This means that, the UE would be incapable of detecting an improvement in link quality for at least 3.84 s (even when N315 = 1). This can result in severe degradation to user perception if the UE were to try to place a call or if the UE were to be paged before the link recovered. Therefore, we propose that the UE should switch back to non-DRX mode of operation on RLP event detection and continuously monitor for link recovery until the expiry of T310 timer.
A concern was raised in the last meeting that switching back to non-DRX state will result in excessive battery drain on the UE. As explained above, the Layer 3 mechanism can render the failure/recovery state detection extremely accurate. Therefore, the argument that UE will suffer excessive power consumption penalty by switching back to non-DRX does not seem well justified.
5. Joint consideration of PDCCH and PCFICH

In the last meeting, it was noted that the performance of a practical PDCCH demodulator might be impacted by incorrect PCFICH decoding. We propose that the standard should allow for sufficient implementation flexibility to enable a vendor to match a PDCCH BLER estimator that is closely aligned with their implementation.
6. Transition from DRX to non-DRX or large DRX to short DRX
In [4], it was pointed out that the RLF monitoring behavior when the UE transitions from 

1) DRX mode to non-DRX, and

2) Large DRX to small DRX,

is currently unspecified. In this section, we provide a discussion and suggest some approaches for ensuring consistent behavior at transitions.
Consider the case of transition from DRX mode to non-DRX mode as shown in Fig. 1. Suppose that the UE is in DRX mode with cycle length equal to 80 ms initially. The out-of-sync evaluation period is 800 ms for this case, which is also the length of the L1 filter duration. For the non-DRX mode, the L1 evaluation period for out-of-sync is 200 ms. Suppose that the UE continues using a sliding window filter at the transition from DRX to non-DRX. There are two options we could choose from for the L1 evaluation period immediately after the transition.
Option A) Start using the evaluation period (= 200 ms) corresponding to non-DRX mode

Option B) Continue using the evaluation period corresponding to DRX mode (= 800 ms) for 

certain duration of time and then switch to an evaluation period corresponding to 

non-DRX mode.

The length of the evaluation period (= 800 ms) together with the L3 filter setting (eg. N313 counter) ensure that the false triggering probability of RLP is small. Since, the L1 filter is sufficiently long in the time domain, to ensure that the response time is not too long, the L3 filter length (eg. N313 counter) would likely be scaled such that it is smaller for DRX mode than that used for non-DRX mode. With option A), since both the evaluation period and the L3 filter setting change at the transition, there is a risk of elevated false triggering probability of RLP event. This is because, the L1 sliding window (which spans 200 ms of samples in the past immediately preceding the transition) has at the most 3 samples to calculate its BLER estimate from. This is under the assumption that each DRX wake up provides for one sample towards the BLER estimate. (Here, 3 samples = Two samples from the last two wakeups in the DRX mode + 1 sample immediately after the transition). As the estimate is constructed from few samples for time instants immediately following the transition, the false alarm rate associated with RLP event detection would increase. 
On the other hand, option B) would be preferable for the following reasons. If the L1 filter duration of 800 ms (with 10 samples towards the BLER estimate stored from the past) and the corresponding L3 filter setting is maintained for 200 ms after the transition, then this results in exactly the same false alarm rate that the radio link monitoring algorithm had prior to the transition. Now, after 200 ms of time after the transition, the UE has collected enough samples in non-DRX mode and is ready to start using a shorter evaluation period of 200 ms with the corresponding L3 filter setting. So, throughout the duration of operation, the false alarm probability of RLP event is not higher than what was intended originally by the network when it configured the L3 filter settings (eg. N313 counter).

This observation applies to radio link recovery (RLR) monitoring. In RLR event detection, if for example a UTRA-type filter is used, a link recovery event is declared if N315 successive in-syncs are detected.

In addition to the above described scenario of transition from,

1) DRX to non-DRX

this observation also applies to the case when UE transitions from
2) large DRX to small DRX (as shown in Fig. 2)
3) small DRX to large DRX

4) DRX to non-DRX.

To paraphrase the proposed UE behavior at transitions:

Upon transition from one mode of operation to another (as listed cases 1—4 above), 

· the UE can continue using the L1 evaluation period (Tfilter,1) and the L3 filter setting corresponding to the first mode until a duration of time equal to the L1 evaluation period corresponding to the second mode (Tfilter,2) from the time of the transition from the first mode to the second,
· subsequently, the UE can start using the L1 filter duration (Tfilter,2) and L3 filter setting corresponding to the second mode.
The L1 evaluation period can correspond to both out-of-sync and in-sync.
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Figure 1. Proposed UE behavior at transition from DRX to non-DRX
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Figure 2. Proposed UE behavior at transition from large DRX to small DRX
7. Conclusion

In this contribution, some of the remaining issues in radio link monitoring were discussed. Based on that, we have the following proposals.
Proposal 1: There should be at least [10] ms separation between two successive L1 indications in non-DRX mode. There should be at least max(10 ms, DRX_cycle_length) separation between two successive L1 indications in DRX mode.
Proposal 2: For non-DRX mode and for DRX mode with DRX cycle length less than or equal to 40 ms, the UE shall turn its transmitter off if it either detects an RLP event or if there are successive out-of-sync indications for a 200 ms window starting at the instant the first out-of-sync event is detected, whichever occurs earlier. For DRX mode with DRX cycle length greater than or equal to 80 ms, the UE shall turn its transmitter off upon detection of the first out-of-sync event.

Proposal 3: If a UE detects RLP when operating in DRX mode, it shall switch back to non-DRX mode for monitoring for link recovery and uses a Qin evaluation period of TEvaluate_Qin  = [100] ms.
Proposal 4: The specification should allow for sufficient implementation flexibility to enable a vendor to match a PDCCH BLER estimator that is closely aligned with their implementation.
Proposal 5: The specification should allow for sufficient implementation flexibility to enable a vendor to match a PDCCH BLER estimator that is closely aligned with their implementation.
Proposal 6: Upon transition from one mode of operation to another (as listed cases 1—4 above in Section 6), 

· the UE can continue using the L1 evaluation period for out-of-sync/in-sync and the L3 filter setting corresponding to the first mode until a duration of time equal to the L1 evaluation period corresponding to the second mode from the time of the transition from the first mode to the second,

· subsequently, the UE can start using the L1 filter duration and L3 filter setting corresponding to the second mode.
The proposals 1—3 have been captured in a CR proposal [3].
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