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1. Introduction
The purpose of this email discussion is to address the following points (as captured by RAN2 chairman).
	-     Discuss the different variants of T310 early termination

-     Discuss and understand the simulation results and in particular why different simulations came to different conclusions. 

-     Think about impact of coverage holes.

-     More HOF/RLF with more pico cells? More gain with early termination?

=>  Intended outcome: Email discussion summary


2. Discussion
2.1. T310 early termination variants
So far different variants of T310 early termination scheme have been seen in RAN2. In general however, it can be said that the A3 event (either A3 entering condition or TTT expiry) is used to trigger T310 early termination. It seems therefore important to understand how RLFs would occur with respect to A3 event. Some documents in RAN2#83 indeed analysed timing relation between T310 running and A3 event in the UE [1][2]. From those documents it seems sensible to conclude T310 early termination mechanism shall address the following cases.
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Figure-1:
Timing relations between T310 running and A3 event [1]
Some of the above cases may not be distinguished or may not even be addressed depending on the solution.

For example if the T310 early termination is triggered by A3 event “entering condition”, the case 3 and case 4 are the same in that T310 is terminated at TTT start and the TTT expiry will not happen. However, it may not be entirely clear how such scheme results in a short T310 in the case 1 and case 2.
On the other hand, if the T310 early termination is triggered at A3 event “TTT expiry”, the case 4 does not trigger T310 early termination. It is going to be simply RLF failure due to T310 expiring before TTT expiry. In this scheme it has to be defined how the case 1 is treated because TTT expires before T310 start. In [2][3], it was proposed to use a shorter T310 value.

Proposal 1:
T310 early termination mechanism shall take into account the cases identified in figure-1 (case 1-4)
NOTE:
The proposal is not intended to preclude a specific solution.
	#
	Company 
	Comment

	1
	Ericsson
	Our preferred solution for cases 1-3 is that after TTT expiry, a second shorter timer T310b is started, as soon as the same entry condition as for the legacy T310 timer is fulfilled. Also, the same leaving condition is used for both timers. Case 4 is irrelevant with this scheme, because if the T310 expires when TTT is running, there would be a standard RLF.

	2
	ZTE
	It is ok to consider the 4 cases listed in figure-1, and it is suggested to focus on the early termination for prepared cell.

	3
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	We agree on proposal 1.   Regarding Ericsson’s comment on case 4.  RLF can happen during TTT for HO scenarios and we think it should also be addressed here. 

We would like to point out there is another case where T310 is triggered due to coverage hole independent of A3.  And we also need to consider whether Measurement report is sent or not.

  

	4
	CATT
	We are fine with this proposal.
In our understanding, If T310 early termination is triggered by A3 event “entering condition”, in case 1 and 2, UE would set T310 to 0s and immediately trigger the radio link failure.

	5
	Qualcomm Incorporated
	Agree with the proposal. Understanding different schemes clearly will help us in understanding results potentially showing different gains.

	6
	Intel
	We agree on proposal 1. We also agree with ALU that measurement report will not be able to be sent in case 2 and 3.

	7
	Samsung
	We agree with Proposal 1.

	8
	Huawei
	We are OK with proposal 1.

However, we would like to point out that if there are some enhancements triggered by A3 event “entering condition”, then another case (e.g. case 5) that A3 entering event occurs after T310 terminates should also be considered, because we may need to evaluate the probabilities of all these cases.

	9
	Nokia&NSN
	We are Ok with proposal 1 – Also what one needs to bear in mind is the DRX usage and RLF estimation. UEs using DRX will have slightly different estimations (RLM and TTT)

	10
	ITRI
	We are fine with Proposal 1. We are also concerned about prepared and un-prepared cells if early termination is applied.

	11
	LG
	We agree with the proposal.


2.2. Outage time and interruption time
In this document “outage time” and “interruption time” are distinguished as follows.

· Outage time:


The time during which the UE experiences Qout

· Interruption time:

Interruption time due to handover or RRC connection re-establishment

While T310 early termination is intended to reduce outage time, it may increase overall interruption time due to increased number of connection re-establishment procedures. The documents [1] indicated and [4] implied that there would be trade-off between reduced outage time and increased interruption time when T310 early termination is employed.

Proposal 2:
Outage time and interruption time as defined in this document should be looked at in simulation effort.
	#
	Company 
	Comment

	1
	Ericsson
	What matters from E2E perspective is the time when no data transfer is possible. This can be either due to the UE being in outage (Qout) or the UE is performing handover/reestablishment, or possibly both. This “disconnected time” includes both interruption time and outage time.

If the UE is in outage, but then starts a handover, (and starts the interruption time basically), we think the outage timer should be stopped. This way we will avoid overlapping time in outage and interruption time. If the two timers are non-overlapping, they can be easily added together to form the total disconnected time.

	2
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Agree with the proposal and also agree with Ericsson that what we really care is the overall service interruption time and overlap should be taken care of.



	3
	CATT
	We agree with Ericsson and ALU.. 

We also think it is important to look at the effort of reducing overall interruption time, as either outage time or interruption time could only partly indicate the interruption to the UE service.

We are not sure whether there would be overlap time in the simulation. In our understanding, if T310 is running, UE couldn’t receive HO CMD and the handover couldn’t be started.

	4
	Qualcomm Incorporated
	We also agree with Ericsson and ALU on the user perception.
Differentiating outage time and interruption time in evaluation could help understand trade-off between outage time reduction thanks to T310 eatly termination and possible increase in interruption time due to the same.

	5
	Intel
	We agree with the proposal. We also agree that outage and interruption time should not be overlapped. 

	6
	Samsung
	We agree with Proposal 2. The outage time is meaningful only when the UE is in the connected state. Then, it can be easily derived from the total time when T310 is running. The outage time in our previous simulation [1] was derived in this way.
Moreover, when the UE performs RRC connection re-establishment, the T310 of the UE is not running because the UE already lost its connection to the serving eNB. Therefore, the interruption time in our previous simulation was not overlapped with the outage time.
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 will stop. As a result, reducing the interruption time is more important than reducing the outage time. Therefore, it is reasonable to observe the outage time and the interruption time separately.

	7
	Huawei
	For the definition of outage time, we think that “The time during which T310 is running” is clearer.

How to calculate the interruption time should be clearly indicated.

For reestablishment, in our opinion, the interruption time should be calculated from when the UE detects Radio Link Failure (RLF) to when the UE re-establishes at a new cell.

For handover, the interruption time of each successful handover is quite short (about 40ms) comparing to re-establishment, and the interruption time could be tolerant by users. So we suggest not considering interruption time of successful handovers.

In the outage time, it is difficult to tell whether the service is interrupted, so we suggest not to consider the overlap.

	8
	Nokia&NSN
	From user point of view outage of service is most relevant i.e. combination of cell selection delay, SIB reading, connection re-establishment (RACH and transmission of RRC messages), Qout, T310 in case of re-establishment.

In case of HO interruption is much less due to various reasons – No SIBs/T310, cell selection delays etc 

	9
	ITRI
	Outage and interruption time should not be overlapped.

Regarding to outage time, we also think that “the time during which T310 is running” is clearer.

We also agree to calculate interruption time from the UE declares RLF to when the UE re-establishes at a new cell. However, it should be noted whether the selected cell is prepared or not, i.e., a valid UE context.

	10
	LG
	We agree with the proposal. 

We also agree with CATT that it is important to reduce overall interruption time.


2.3. Prepared / Unprepared RRC connection re-establishment
There seems to be general interest in RAN2 to look into the impact of prepared and unprepared connection re-establishments. It is well understood that an RRC connection re-establishment procedure fails when the re-establishment target cell is unprepared. NAS recovery after idle mode transition leads to an additional interruption time, due to idle mode to connected mode transition involved. Multiple documents looked at different interruption time values for prepared and unprepared handover [1][3][4][7].
Unprepared connection re-establishment procedure can be characterized by failed Measurement Report delivery. Without Measurement Report from the UE, the source eNB would not be able to prepare a target cell, which in turn results in RRC connection re-establishment failure regardless of the target cell the UE selects. One question then is how UL message delivery should be modelled in simulations. Any common model for UL message delivery has not been used so far in the simulation activities in RAN2 [5]. It seems difficult to come up with common model at this stage; hence it is proposed to leave it to each company how they model Measurement Report delivery (success or failure). 
Proposal 3:
To leave it to each company how they model Measurement Report delivery (success or failure)
	#
	Company 
	Comment

	1
	Ericsson
	We agree with proposal 3, but it should be noted that for successful measurement report reception a successful PDCCH UL grant is required. A model for this (DL) PDCCH transmission should be modelled as well as the (UL) transmission of the measurement report as well. Thus, the performance of the UL is dependent on the performance of the DL.

	2
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Proposal 3 is OK, but companies should provide details of the model used.  

	3
	CATT
	Our assumption is Measurement Report couldn’t be delivered if the T310 is running. 

It has been agreed that UE couldn’t receive HO command when T310 is running due to failure of decoding PDCCH to get the DL grant. To align with the agreement, we assume UE couldn’t deliver the measurement report when T310 is running due to failure of decoding PDCCH to get the UL grant.



	4
	Qualcomm Incorporated
	The proposal is acceptable.

	5
	Intel
	We agree with CATT that the UE should not be able to send the measurement report when T310 is running. With different company’s simulation trend, different measurement report modelling and assumption could be one of the reasons.

	7
	Samsung
	We agree with Proposal 3 and Ericsson. To model the handover message exchange accurately, a realistic link curve (i.e. SINR-BLER curve) needs to be used for each involved DL and UL channel.
It should be noted that T310 will start if the BLER of PDCCH is greater than 10 %. So, there is the enough probability that the UE receives the UL grant and sends the measurement report successfully.

	8
	Huawei
	Proposal 3 is OK to us.

	9
	ITRI
	We are fine with Proposal 3. Details of the model used should be provided.


As a starting point, the following interruption time per RRC connection re-establishment is proposed for discussion.
· Prepared RRC connection re-establishment: 250ms
· SIB acquisition = 200ms

· Random access + RRC procedure delay = 50ms
· Unprepared RRC connection re-establishment: 450ms
· SIB acquisition = 200ms

· Random access + RRC procedure delay = 50ms
· Cell selection + NAS recovery = 200ms

Proposal 4:
The above interruption time values are used if prepared and unprepared connection re-establishment procedures are modelled in a simulation
	#
	Company 
	Comment

	1
	Ericsson
	The values are on the shorter side of the spectrum, for example, cell selection may take longer than 200 ms if the UE has no prior information on the cell. We are fine with the above values.

	2
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Agree with Ericsson that these values are the shorter side but we are also OK to use these values. 

	3
	CATT
	We are fine with the proposal.

	4
	Qualcomm Incorporated
	Agree with proposal.

	5
	Intel
	We also think that the number is in the short side but ok with the proposed value. If the same values are used, it will be easier to compare between companies result. 

	6
	Samsung
	We agree with Proposal 4.

	7
	Huawei
	We agree with Ericsson/ALU/Intel that these values are the shorter side, but we are also OK for using them.

	8
	Nokia&NSN
	Delays listed seem to be quite aggressive but they don’t seem to be too “unrealistic”. One question – Why you don’t have cell selection delay in prepared re-establishment? And shouldn’t we compare also this to successful HO as well as if we ensure robust mobility then HO is likely to happen successfully!

	9
	ITRI
	We also think that the cell selection may take longer than 200ms if the target cell is unknown. The delay requirement to find a suitable cell in RRC connection re-establishment procedure can be referred to TS 36.133.


2.4. Short T310
It is a natural question whether a similar outage time reduction gain as T310 early termination could be obtained if pico cells always use a short T310 value. It was commented offline however that with the simulation assumption used in the HetNet Mobility Enhancement study [5], it is almost always “correct” to use a short T310 value because the UE is moving straight and is likely to find a target cell for RRC connection re-establishment. This contrasts to real network operation where radio environment is more dynamic, e.g. coverage holes, and employing very short T310 value is avoided (a typical value is probably 1 second).
It is not immediately clear how potential risk of always using short T310 should be investigated. Companies are invited to express their view below.
	#
	Company 
	Comment

	1
	Ericsson
	We agree that the currently simulated model has few coverage holes, which makes it hard to investigate the bad effects of always shortening the T310.

	2
	ZTE
	It should be analyzed carefully the impact of short T310 may have.

	3
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Longer T310 should allow better chance of link self recovery. We agree that the simulation models used as such does not properly identify the problems of using short T310 such as UE going through a coverage hole quickly. This may also occur when a UE pass the edge of a pico quickly. 

	4
	CATT
	We agree short T310 value may encounter more issues in the real network. 

Besides the coverage hole, the optimal short T310 value may vary from different network deployments.  Non-optimal short T310 setting will degrade the performance of real network. It’s hard to simulate these issues. But these should be considered when we do the evaluation and selection.

	5
	Qualcomm Incorporated
	It is our understanding that relatively long T310 value (e.g. 1 second) is used in today’s networks in order to avoid “premature” RLFs. We therefore believe a robustness scheme should be employed in using short T310 value.

	6
	Intel
	We agree that current simulation assumption does not include coverage holes. But we have observed in our simulation that long T310 allows the link self recovery when channel condition changes. The simulation should be able to observe this behaviour by using a short T310 (i.e. can’t self recovery when using short T310).  

	7
	Samsung
	As we stated in [1], the use of short T310 increases the interruption time while decreasing the outage time. So, even in the simulation environment without coverage holes, such trade-off relationship should be carefully considered to determine an appropriate value of T310. For this purpose, observing the outage time and the interruption time separately is reasonable.

	8
	Huawei
	We agree that “always short T310” cannot handle the coverage holes. We concern how long UEs stay in coverage holes and whether the typical value 1s for T310 is long enough to handle the coverage holes.

Furthermore, we observed that “always short T310” increases the rate of unprepared re-establishment, from the figure 4 in contribution R2-132856.
Another concern for “always short T310” is how to tune the length of T310 timer. We think that all the improvements employed should not increase operators’ efforts on tuning the parameters, and also enable operators to control the performance of re-establishment.

	9
	ITRI
	We think that “always short T310” may result in more re-establishment. The rate of un-prepared re-establishment should be also noted.

	10
	LG
	We agree that short T310 is vulnerable to coverage hole and the coverage hole should be added to the simulation model for correct evaluation.


2.5. Number of pico cells
 [3] indicated that T310 early termination scheme used in the document does not show significant gain when a deployment scenario with one pico per macro cell is assumed. Simulations seen in RAN2 already have shown that increased number of pico cell leads to increased number of RLFs. It would be interesting to see how the outage time reduction gain would change with different number of pico cells.
As a starting point, the following numbers of pico cells per macro are proposed to be looked at (assuming companies agree that it is not sufficient to look at one pico per macro). Pico cell distribution could be left to each company.
· The number of pico cells per macro:
4 and/or 10
· Pico cell distribution:
Left to each company’s simulation implementation
Proposal 5:
The above numbers of pico cells per macro cell are looked at in simulations
	#
	Company 
	Comment

	1
	Ericsson
	We are fine with simulating 4 or 10 picos per macro. However, we think that simulating with full buffer in these scenarios becomes very problematic, as the total load of the system is then increased with the number of cells. Instead the total load of the system should be shared among the cells, which means that the load per cell should decrease if the number of cells is increased from 4 picos per macro to 10 picos per macro. We think that simulating 10 picos per macro with full buffer is an unrealistic scenario.

Regarding the distribution of the picos, we are fine with leaving that to companies to decide.

	2
	ZTE
	It is better to define pico cell distribution rule (e.g. randomly or evenly) in order to compare the simulation results fairly.

	3
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	As seen in many simulations, we also agree that the HOF are worse with larger number of pico cells.  We have also seen in some simulations, increasing the number of picos for the same load improves HOF performance.  However, we do not think that using large number picos for the same load is the scenario we should be addressing here.

	4
	CATT
	We agree more pico cells should be simulated.

	5
	Qualcomm Incorporated
	Fine with the proposal.

We agree with ALU that assuming the same amount of system-wide data traffic for different network densities is not a scenario of our interest.

	6
	Intel
	We agree with using 4 or 10 pico cells and distribution. The scope of work is to understand if T310 termination will benefit UE outage and delay. Therefore, we don’t think that same system load should be considered. 

	7
	Samsung
	We agree that 4 and/or 10 pico cells per macro cell are considered in simulations. We think that the simulation with full buffer may show the worst-case performance. However, it may provide the most intuitive performance that is not affected by other factors such as cell load. So, for the comparison purpose of different schemes, the simulation with full buffer is a reasonable approach.

	8
	Huawei
	We agree on proposal 5.

	9
	ITRI
	We are fine with Proposal 5.


3. Summary / Conclusion

 From this discussion it can be concluded that the following factors need to be looked at for T310 early termination. 

· Outage time:
The time during which T310 is running
· Interruption time:

Interruption time due to handover or RRC connection re-establishment
· Different interruption time for prepared (250ms) and unprepared re-establishment (450ms)

· Overall service interruption time:
Outage time + Interruption time (to represent E2E / user impact)

NOTE 1:
There should not be overlap between Outage time and Interruption time
NOTE 2:
How to model prepared and uprepared re-establishment is left to companies, but companies should provide details of the model used
While the overall performance can be evaluated by the overall service interruption time, other factors, outage time and interruption time may provide more insights on each scheme and simulation. T310 early termination is meant to reduce the outage time. Some documents however pointed out at least the risk that the gain is negated by increased interruption time due to increased occurrence of RLFs.

Different simulations submitted to RAN#83 meeting came to different conclusions on the gain of T310 early termination. It is likely because those simulations made different assumptions for the above factors. It should also be noted that there are some variants in proposed T310 early termination schemes. It is therefore essential that each company describes how their solution works with respect to the identified cases in Figure-1.

On the use of short T310 value, majority of companies expressed double about usability in real network and about the ability of current simulation framework in being able to identify adverse effects of always using short T310. It is therefore recommended that RAN2 be careful in evaluating this solution.

There were other comments / items in the email discussion for which sufficient discussion did not take place and hence were not concluded.

· Interaction with DRX should also be looked at.

· Interruption time of successful handovers should not be considered
· Small cell placement (# of small cells, distribution)

· System load (fixed amount regardless of # of small cells?)
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