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1. Introduction
In RAN4 meeting #48 the radio link problem detection was discussed [1]

 REF _Ref209585927 \r \h 
[2]

 REF _Ref209585928 \r \h 
[3]. In the RRM adhoc held [4]  it was agreed to further evaluate the PDCCH BLER estimation, length of evaluation period and suitable thresholds in terms of PDCCH BLER. Assumptions for the evaluations were presented in RAN4 reflector [5]. In this contribution we provide some analysis for the discussed issues, using the proposal given in [1] as a working assumption.
2. Link level analyses
2.1 PDCCH BLER estimation
In this section we look at the difference of estimated hypothetical PDCCH BLER and the actual BLER. The method to estimate the BLER is based on the MMIB as used in [1]. The purpose is just observe whether a reasonable mapping could be done. The estimates are calculated over 1ms period and then averaged over the whole simulation time. The simulation assumptions used are given in Annex A and results for 1TX and ETU5Hz are shown in Figure 1 and Figure 2. The used mapping function was not optimized for the PDCCH formats thus some difference can be observed. Regardless of this the estimate of the average PDCCH BLER is rather good, which is not unexpected. As agreed in RRM adhoc the exact method which UE uses to detect the radio link problem (or recovery) is not mandated, but based on these results setting the threshold in respect of PDCCH BLER would seem possible.
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Figure 1. Estimated and simulated PDCCH BLER for Format 1A with single transmit antenna in ETU5Hz
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Figure 2. Estimated and simulated PDCCH BLER for Format 1C with single transmit antenna in ETU5Hz


2.2 BLER thresholds
Other aspect that was agreed to evaluate was the suitability of proposed PDCCH BLER thresholds. Approach selected here to evaluate the suitability of proposed PDCCH BLER thresholds, was to investigate the achievable the PDSCH throughput. This was done while accounting also the PDCCH performance e.g. in the simulations erroneous PDCCH detection caused also the corresponding PDSCH to be lost as well. These simulations were done with single transmit antenna and also with 2TX transmit diversity precoding in EPA5Hz and ETU5Hz. Used assumptions are summarized in Annex A.
Figure 3 and Figure 4 show the PDCCH BLER and achieved PDSCH throughput in EPA5Hz with single TX and transmit diversity. Similarly Figure 5 and Figure 6 show these results in ETU5Hz.

Observing the throughput and the PDCCH Format 1A BLER, it can be seen that the PDCCH 10% BLER level is located at the lower tail of the throughput. The used PDSCH allocation is 50PRBs (e.g. full band), thus the PDSCH error rate is mostly dominating by the achieved throughput. Of course with frequency selective scheduling or/and spatial multiplexing precoding (with different PDCCH format) could be used to improve the throughput at low SNR. However it is felt that average performance is a meaningful measure when considering the control signal coverage and therefore the obtained result would indicate that the proposed Qout threshold (10%) is at right level in respect of average PDSCH throughput. 
PDCCH Format 1C BLER level of 1% corresponds already to more moderate throughput levels, implying that the control signaling quality could be ensured. Lowering(increasing) the Qin threshold in terms of SNR(BLER) could be considered, however it would seem to be preferable to ensure that sufficient hysteresis remains between Qout and Qin to prevent ‘ping-pong’.
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Figure 3. Throughput results for PDSCH with different PDCCH formats in EPA5Hz with single transmit antenna
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Figure 4. Throughput results for PDSCH with different PDCCH formats in EPA5Hz with transmit diversity precoding
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Figure 5. Throughput results for PDSCH with different PDCCH formats in ETU5Hz with single transmit antenna
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Figure 6. Throughput results for PDSCH with different PDCCH formats in ETU5Hz with transmit diversity precoding


2.3 Evaluation period

In this section we analyze the suitability of the proposed evaluation period for Qout and Qin. Aim of the evaluation was to see whether the proposed 200ms and 100ms measurement periods would be sufficient to ensure proper radio link problem or recovery detection. When considering the method proposed in [1] two approaches can be envisioned, either estimating the CQI/BLER once per sub-frame and averaging the estimated values over evaluation period or first averaging the measured SINR over the evaluation period and then estimating the CQI/BLER from it.  
In the results presented, it is assumed that UE estimates the radio quality every sub-frame, but of course it might be more practical to reduce the sampling rate.
Figure 7 shows the time domain variation of the estimated PDCCH format 1A BLER for SNR levels of -10dB, -5dB and -1dB in ETU5Hz. Similarly the PDCCH format 1C BLER estimate time variation is given in Figure 8 in the same conditions. The shown BLERs are based on average of the 1ms BLER estimates over the evaluation period (200ms or 100ms). As these are averaged over 200 or 100 samples it can be assumed that the residual estimation error is quite small. Naturally there exists some variation in observed signal quality over the evaluated period but also the variation is enhanced by the sensitivity of the BLER measure (steepness of the curve).  These results however indicate that even when assuming rather frequency selective channel (ETU) and rather wide measurement bandwidth (10MHz) there is some inherent variation left in the estimate over the assumed period.  
Figure 9 and Figure 10 show the behavior of the SINR without filtering and with filtering over 200ms at level of -10dB SNR. Note that the average SINR is roughly 3dB better than the set SNR level (Îor/Ioc) due to the 2RX combining gain. These results show that even though the filtering over 200ms can significantly reduce the variation, there is still rather high spread on the obtained values. This together with the other results on the BLER estimate behavior would seem to indicate that the evaluation period is not sufficient to ensure that the detection of the radio link problem is reliable in fading conditions.

In UTRAN the evaluation period for Qout and Qin is set to be 160ms (after the downlink dedicated channel is considered established by higher layers). This is shorter than discussed for E-UTRAN but the evaluation in UTRAN is based on dedicated channel which has fast closed loop power control. This combined with the evaluation time compensates the impact of fading, thereby stabilising the quality estimate.  In E-UTRAN the estimation needs to base on physical channels on which no fast closed loop power control is applied to compensate the fading. 
Based on the above analysis it would seem that even though 200ms  evaluation period can be considered to give accurate estimate of the prevailing radio conditions, the fact that the average radio link quality may still differ significantly on the estimate obtained, increases the probability of false radio link problem detection. As already discussed in the last RAN4 meeting in Jeju, unnecessary false detection of radio link problem (Qout) and shutting down of UE UL transmission after that are quite inconvenient for ongoing service. It is expected that service impacts are more severe in non-DRX or short DRX situations where continuous connection is expected.
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Figure 7. Time domain variation of PDCCH format 1A BLER estimate in ETU5Hz with single transmit antenna
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Figure 8. Time domain variation of PDCCH format 1C BLER estimate in ETU5Hz with single transmit antenna
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Figure 9. CDF of unfiltered SINR in ETU5Hz with single transmit antenna
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Figure 10. CDF of SINR filtered over 200 subframes in ETU5Hz with single transmit antenna


2.4 Summary 

The link results in sub-section 2.1 indicate that estimated hypothetical average PDCCH BLER and the actual average BLER have rather good match with each other in average.  Based on the results presented in the sub-section 2.2 it would also seem that the proposed Qout and Qin thresholds appear to be on the right level in terms of PDSCH average throughput. However the analysis shown in sub-section  2.3 indicated that some problems may exist in terms of reliability of the triggering.
Even though the proposed estimation period may be sufficient to obtain good estimate of the prevailing radio conditions, it appears to be inadequate  to remove completely the impact of short term variations to radio problem detection as e.g. seen in the results of the sub-section 2.3. This may result undesirable amount of unnecessary radio link problem detections. The risk of an actual radio link failure occurring erroneously could be alleviated by introducing some L3 filtering/counter as in UTRAN, however such filtering implies of course additional delay. More importantly the unnecessary radio link problem detections could imply that UE would seize the UL transmission, as discussed in earlier in RAN4, at least for the duration until radio link recovery is obtained. One approach that could be considered to alleviate the issue would be to allow sufficient hysteresis to the actual threshold reducing the probability of unnecessary triggering. Introducing hysteresis to the desired thresholds implies in practise changing of the Qout (and Qin) threshold, which causes delay in some cases as the signal quality has to come even worse before the radio link problem is detected and RLF evaluation starts. Extending the measurement period could also be considered, but as it introduces additional delay in all cases it might not be desirable. Of course the delay might not have as severe impacts as in UTRAN due to different UL power control behaviour. It might also be worth considering whether in E-UTRA it is actually equally important to shut down the UE UL transmission immediately after the detection of first sign of radio link problem (out-synch) as in UTRA. If UE UL transmission is not be shut down right after the radio link failure, the consequences from the false radio problem detection would be less critical in terms of service continuity.
3. Radio problem detection in DRX

In previous section we have discussed the different aspects related to the radio problem detection in non-DRX mode where UE is assumed to do continuous measurements. In DRX mode, UE should be allowed to have some time for power saving by reducing the receiver activity e.g. measurements would be less frequent. In UTRAN, the approach chosen for radio link problem detection in case of Continuous Packet Connectivity was to extend the evaluation so that same amount of samples as in non-DRX mode could be obtained. In UTRAN the radio link problem evaluation however was assumed to be based on dedicated signaling, which was present only on certain known time occasions (determined by the DRX/DTX operation). The DRX scheme that is defined in [6] results potentially rather flexile UE active time and UE autonomous switching between long and short DRX periods and as the radio link problem (or recovery) detection needs not to be based on dedicated signals UE may in principle benefit on any active time.
For mobility related measurements the operation in combination with DRX has been discussed and agreed in previous RAN4 meetings. The basic approach has been to scale the time allowed for measurements or detection as a function of the DRX cycle to ensure some minimum mobility performance in combination of DRX.  It is felt that similar approach could be used to determine the evaluation period for radio link problem detection.
As discussed in previous section the 200ms evaluation period can be considered to give sufficiently good estimate of the prevailing radio conditions. The problem raised regarding the impact of residual short term variation in the quality estimate migth not be as severe problem in DRX mode as the evaluation period would be extended in time. The minimum active time assumed in DRX mode is one sub-frame e.g. 1ms and to ensure the reliability of the out-of-sync indication we have used a working assumption of 20 samples. Thus prior signaling a out-of-synch indication to higher layers, UE should evaluate the radio quality over multiple sub-frames spread over multiple DRX cycles. For longer DRX periods it would seem suitable to reduce number of samples to reduce the delay in radio link problem detection. This approach is illustrated in tabular format below.
Table 1. Evaluation period for radio link problem detection in DRX
	DRX cycle length (s)
	Radio link problem evaluation period (s) (DRX cycles)

	≤0.04
	Note (20)

	0.08
	1.6 (20)

	0.16
	3.2 (20)

	0.32
	6.4 (20)

	0.64
	9.6 (15)

	1.28
	12.8 (10)

	2.56
	20.48 (8)

	Note: Period length in time depends on the length of the DRX cycle in use


For radio link problem recovery it may not be necessary to consider scaling of the evaluation period depending on the assumed UE functionality. If the detection of the radio link quality can be made reliable so that unnecessary out-of-synch indications occur infrequently, it could be assumed that UE transfers to non-DRX mode once it has triggered first out-of-synch and continuously evaluates the  radio link quality for recovery. However if there is a risk that out-of-synch could be triggered frequently unnecessarily (for example by limit the number of measurement samples), it would be preferable to consider extending the evaluation period also for Qin to limit the impact to power saving. For this approach possible values are summarized in table below.
Table 2. Evaluation period for radio link recovery detection in DRX
	DRX cycle length (s)
	Radio link recovery evaluation period (s) (DRX cycles)

	≤0.04
	Note (10)

	0.08
	0.8 (10)

	0.16
	1.6 (10)

	0.32
	3.2 (10)

	0.64
	6.4 (10)

	1.28
	10.24 (8)

	2.56
	12.8 (5)

	Note: Period length in time depends on the length of the DRX cycle in use


4. Conclusions

In this contribution we have continued the discussion regarding the radio link problem detection initiated in previous meetings. The simulation results shown in the contribution it would seem that it is possible to estimate the actual average PDCCH BLER using hypothetical average PDCCH BLER estimation method. This was just evaluated as a reference method and as already discussed in the last RAN4 meeting, the actual estimation method would be left open for implementation.  

Based on the analysis performed it would also seem that the proposed Qout and Qin thresholds, corresponding to PDCCH format 1A 10% BLER level and PDCCH format 1C BLER level respectively, seem justified in terms of PDSCH throughput. 
In the document we have also analysed time domain variation of the estimated PDCCH BLERs with different SNR levels in ETU5 propagation conditions. Time domain variation after 200 ms and 100 ms  averaging periods for non-DRX case is still noticeable. Similarly the variation of the SINR was also still rather large, leading to conclusion that the risk of false radio link problem detection is rather high in practice. Therefore, in the document we have also considered methods for reducing unnecessary false detections as unnecessary RLF detection would be quite inconvenient for ongoing service especially if UE TX is shut down frequently. Furthermore we have discussed the radio link problem detection in DRX mode and possible way forward is proposed.
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Annex A. Assumptions
Table 3. Link simulations assumptions
	Parameter


	Assumption

	Carrier frequency
	2.0GHz

	Bandwidth 
	10MHz

	Cyclic prefix length 
	Normal ((f = 15kHz)

	Propagation channel
	EPA5Hz and ETU5Hz 

	Channel estimation
	Real

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Transmission scheme
	1TX or OL TXD precoding (SFBC)

	PDSCH
	Link adaptation used

	Number of HARQ processes
	8 per stream (independent)

	Max number of transmissions per H-ARQ process
	4

	PDCCH
	 Format 1A or 1C as given in Table 

	ACK/NACK feedback error rate
	0%

	Number of UE antennas
	2 (Fully uncorrelated)

	Îor/Ioc
	Calculated over active sub-carriers


Table 4. PDCCH format assumptions
	Parameter
	Unit
	Value

	PDCCH format
	
	1A
	1C

	Payload size +CRC
	
	43
	32

	Aggregation level
	
	8
	4

	PDCCH RE/average RE energy
	dB
	4
	0


