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Discussion
1 Introduction
In the last RAN2 meeting, we discussed the early T310 termination in which a UE initiates a RRC connection re-establishment procedure when (i) T310 is running and (ii) TTT is expired. We also recognized that the performance of this scheme largely depends on whether a target cell for the RRC connection re-establishment is prepared or not. However, such dependency has not been evaluated yet. In this context, we perform simulation to examine the effect of the RRC connection re-establishment towards prepared or unprepared cells on the performance of the early T310 termination.

2 Discussion
In the last RAN2 meeting, we investigated the performance of T310 management schemes including the early T310 termination [1]. At that time, we understood (and modelled) the early T310 termination in a way that the UE declares RLF right after TTT is expired. In this modelling, the target cell for the RRC connection re-establishment may not be prepared because the measurement report is not delivered to the serving eNB of the UE. It leads the UE to perform the unprepared RRC connection re-establishment so that the interruption time experienced by the UE is increased.
However, there was a comment in the meeting such that the interruption time will be reduced if the UE declares RLF at the time when the measurement report is successfully delivered to the serving eNB. In this case, the serving eNB can make the target cell to be prepared so that the UE may experience less interruption time compared to the unprepared RRC connection re-establishment.
To verify the effect of delivering the measurement report on the performance of the early T310 termination, we evaluate the following schemes and compare them with the no optimization scheme.
· Early T310 termination after TTT (ETTTT): The UE declares RLF right after TTT is expired. In this case, the measurement report is not sent by the UE. Accordingly, the UE performs the unprepared RRC connection re-establishment unless it returns to the same eNB.

· Early T310 termination after MR (ETMR): The UE declares RLF at the time when the measurement report is successfully delivered to the serving eNB. In this case, the UE performs the prepared RRC connection re-establishment. If the UE fails to deliver the measurement report within T310, the unprepared RRC connection re-establishment will be performed unless it returns to the same eNB.
Note that we consider the two simulation environments: (i) 10 pico cells per sector and (ii) 4 pico cells per sector. By doing so, we can also investigate the effect of inter-cell interference on the performance. The details of the simulation setup are explained in [2].
2.1 Simulation results for the case of 10 pico cells per sector

First, we consider the case of 10 pico cells per sector. Figure 1 shows the performance of the no optimization scheme, ETTTT and ETMR with respect to outage time, re-establishment interruption time, and total service interruption time. First, ETMR has slightly longer outage time than ETTTT. It is because ETMR lets the UE wait for the transmission of the measurement report after TTT is expired. However, the difference in the outage time is almost negligible.
Next, ETMR has shorter re-establishment interruption time than ETTTT (7.89 → 3.85 %). As we explained, the target cell will be prepared for the RRC connection re-establishment if the serving eNB successfully receives the measurement report from the UE. Accordingly, ETMR can increase the frequency of the prepared RRC connection re-establishment. To confirm this argument, we check the frequency of the prepared/unprepared RRC connection re-establishment, as shown in Figure 2. For the case of ETTTT, only 3 % of the total RRC connection re-establishment is toward the prepared cell. However, when ETMR is used, approximately 75 % of the total RRC connection re-establishment corresponds to the prepared RRC connection re-establishment, which requires less re-establishment interruption time than the unprepared RRC connection re-establishment. Therefore, we can find that ETMR can reduce the re-establishment interruption time.

Observation 1: Compared to ETTTT, ETMR can reduce the re-establishment interruption time while keeping the same outage time.
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Figure 1: (10-pico case) Interruption and outage times of (i) no optimization and (ii) early T310 termination
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Figure 2: (10-pico case) Frequency of prepared/unprepared re-establishment of (i) no optimization and (ii) early T310 termination

Finally, we compare the performance of ETMR with that of the no optimization scheme. From the viewpoint of the outage time, ETMR shows similar performance to the no optimization scheme with T310 = 500 or 250 ms. It means that ETMR operates like the no optimization scheme with short T310, which is useful to reduce the outage time. From the viewpoint of the re-establishment interruption time, ETMR shows slightly degraded performance than the no optimization scheme with T310 = 750 ms. It means that ETMR triggers premature RLF declaration a bit more than the no optimization scheme with typical T310 = 1000 or 750 ms, but it causes less problem than short T310 values such as 500 ms or 250 ms. From the viewpoint of the total service interruption time (i.e. outage time + interruption time), ETMR has smaller total service interruption time than the no optimization scheme. However, the performance gap between these two schemes is not significant (13.40 → 11.75 %).

Observation 2: For the high-density deployment of pico cells, ETMR reduces the outage time but increases the re-establishment interruption time compared to the no optimization scheme with T310 = 1000 ms. In addition, ETMR has smaller total service interruption time, but the improvement is not so significant.
2.2 Simulation results for the case of 4 pico cells per sector

We now consider the case of 4 pico cells per sector. The result is shown in Figure 3. For the case of ETMR, the outage time is reduced while the re-establishment interruption time is increased compared to the no optimization scheme with T310 = 1000 ms. In addition, the total service interruption time of ETMR is smaller than that of the no optimization scheme with T310 = 1000 ms. However, the performance gain achieved in the 4-pico case is smaller than that achieved in the 10-pico case. This phenomenon can be explained as follows.
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Figure 3: (4-pico case) Interruption and outage times of (i) no optimization and (ii) early T310 termination
As the number of pico cells per sector is decreased, the interference among the pico cells becomes weaker. Then, the frequency of TTT expiry when T310 is running is also decreased. Accordingly, the chance that ETMR can be applied to becomes less frequent. By this reasoning, the performance improvement of ETMR in the 4-pico case becomes smaller compared to the 10-pico case.
In addition, when we compare the performance of ETMR with that of the no optimization scheme with T310 = 250 ms, we can find that the total service interruption time of ETMR is worse. This phenomenon indicates the fact that the performance of ETMR largely depends on the density of pico cells and the interference among them.

Finally, it should be noted that the communication between a UE and an eNB is impossible during RRC connection re-establishment. However, a UE can communicate with its serving eNB during the outage time although its channel quality may be poor. Furthermore, there is a non-zero probability that the channel quality becomes good again (i.e. Qin) so T310 stops. As a result, reducing the re-establishment interruption time is more important than reducing the outage time. In this context, we can conclude this contribution as follows.
· ETMR increases re-establishment interruption time compared to the no optimization scheme with T310 = 1000 ms.
· Re-establishment interruption time (no optimization with T310 = 1000 ms → ETMR)

· 10 pico/sector case: 2.81 → 3.85 %

· 4 pico/sector case: 1.03 → 2.21 %

· Although the total service interruption time of ETMR is better than the no optimization scheme with T310 = 1000 ms, the decrease is marginal.

· Total service interruption time (no optimization with T310 = 1000 ms → ETMR)

· 10 pico/sector case: 13.55 → 11.75 %

· 4 pico/sector case: 6.12 → 5.87 %
· The performance of ETMR largely depends on the density of pico cells and the interference among them. So, there can be a suitable T310 configuration that outperforms ETMR.

· Total service interruption time (no optimization with T310 = 250 ms → ETMR)

· 4 pico/sector case: 5.05 → 5.87 %

Observation 3: Although the total service interruption time of ETMR is smaller than the no optimization scheme with typical T310 values, the performance gap is marginal. Furthermore, ETMR increases re-establishment interruption time during which the communication between a UE and an eNB is impossible.

Conclusion: On the basis of the analysis in this document, we don’t see high technical potential from T310 early termination scheme. We need to discuss whether it is necessary to achieve the performance improvement of ETMR by changing the baseline operation.

3 Conclusion
In this contribution, we evaluate the effect of the prepared/unprepared RRC connection re-establishment on the performance of the early T310 termination. Moreover, we compare the early T310 termination with the no optimization scheme with respect to outage time, interruption time and total service interruption time in the two simulation environments: (i) 10 pico cells per sector and (ii) 4 pico cells per sector. On the basis of our discussion, we conclude as follows.
Observation 1: Compared to ETTTT, ETMR can reduce the interruption time caused by the RRC connection re-establishment.

Observation 2: For the high-density deployment of pico cells, ETMR reduces the outage time but increases the re-establishment interruption time compared to the no optimization scheme with T310 = 1000 ms. In addition, ETMR has smaller total service interruption time, but the improvement is not so significant.

Observation 3: Although the total service interruption time of ETMR is smaller than the no optimization scheme with typical T310 values, the performance gap is marginal. Furthermore, ETMR increases re-establishment interruption time during which the communication between a UE and an eNB is impossible.

Conclusion: On the basis of the analysis in this document, we don’t see high technical potential from T310 early termination scheme. We need to discuss whether it is necessary to achieve the performance improvement of ETMR by changing the baseline operation.
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5 Appendix
Table 1: (10 pico/sector) Interruption and outage times of (i) no optimization and (ii) early T310 termination

	
	No optimization
Macro T310 = Pico T310 = 1000, 750, 500, 250 ms
	Early T310 termination

	T310
	1000 ms
	750 ms
	500 ms
	250 ms
	After TTT
	After MR

	Outage time (%)
	10.66
	9.83
	8.81
	6.22
	7.66
	7.84

	Re-establishment time (%)
	2.81
	3.49
	4.99
	7.17
	7.39
	3.85

	HO Interruption time (%)
	0.073
	0.073
	0.069
	0.063
	0.064
	0.064

	Total (%)
	13.55
	13.40
	13.87
	13.45
	15.11
	11.75


( The interruption and outage times are normalized by the total simulation time. Therefore, their unit is %.
Table 2: (10 pico/sector) Frequency of prepared/unprepared re-establishment of (i) no optimization and (ii) early T310 termination

	
	No optimization
Macro T310 = Pico T310 = 1000, 750, 500, 250 ms
	Early T310 termination

	T310
	1000 ms
	750 ms
	500 ms
	250 ms
	After TTT
	After MR

	Prepared (%)
	29.1
	28.6
	30.1
	28.2
	3.1
	75.8

	Unprepared (%)
	70.9
	71.4
	69.9
	71.8
	96.9
	24.2

	Total (%)
	100
	100
	100
	100
	100
	100


Table 3: (4 pico/sector) Interruption and outage times of (i) no optimization and (ii) early T310 termination
	
	No optimization
Macro T310 = Pico T310 = 1000, 750, 500, 250 ms
	Early T310 termination

	T310
	1000 ms
	250 ms
	After MR

	Outage time (%)
	5.02
	2.39
	3.60

	Re-establishment time (%)
	1.03
	2.60
	2.21

	HO Interruption time (%)
	0.066
	0.0600
	0.060

	Total (%)
	6.12
	5.05
	5.87


Table 4: Interruption time of prepared/unprepared RRC connection re-establishment
	
	Interruption time during RRC connection re-establishment

	Re-establishment towards a prepared cell
(  UE returns to the same cell
(  UE selects a cell of a prepared eNB
	(  SIB acquisition = 200 ms

(  Random access + RRC procedure delay = 50 ms
→  Total (250 ms)

	Re-establishment towards an unprepared cell
(  UE selects a cell of a different eNB that is not prepared
	(  SIB acquisition = 200 ms

(  Random access + RRC procedure delay = 50 ms

(  Cell selection + NAS recovery = 200 ms
→  Total (450 ms)

	T311 expiry when  there is no suitable cell for re-establishment
	(  T311
(  Initial connection setup
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