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1. Introduction
In RP-110709 [1] on Rel-11 SI “HetNet mobility improvements for LTE”, one of the main objectives is:

· Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks. Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account. (RAN2, RAN3)

The robustness of RRC connection re-establishment procedure in HetNet deployment has not been discussed in RAN2. In the previous meetings, several contributions have discussed the main scenarios and potential problems with RRC connection re-establishment and have proposed RAN2 to discuss this topic [3] [4]. In this contribution, we give our analysis on RRC connection re-establishment issues in HetNets deployment. 
2. Discussion
In the current RRC specification TS36.331 [2], UE initiates the RRC Connection Re-establishment procedure when one of the following conditions is met, where the first two conditions are related to the mobility within E-UTRAN:
1>
upon detecting radio link failure, in accordance with 5.3.11; or

1>
upon handover failure, in accordance with 5.3.5.6; or

1>
upon mobility from E-UTRA failure, in accordance with 5.4.3.5; or

1>
upon integrity check failure indication from lower layers; or

1>
upon an RRC connection reconfiguration failure, in accordance with 5.3.5.5;

The UE shall consider radio link failure (RLF): 1) upon T310 expiry; or 2) upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running; or 3) upon indication from RLC that the maximum number of retransmissions has been reached. And the UE will consider handover failure if T304 expires (T304 is started when UE receives Handover Command). 
In HetNet deployment, small cells could be placed with the overlaid macro cells. According to the intra-frequency calibration simulation, RLF rate and HOF rate in HetNet are higher than in macro only deployment in some cases, and RAN2 reaches the agreement in the last meeting that “Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments”. In the inter-frequency case, handover may be problematic in high mobility scenarios where the pico coverage may be lost before the handover completes, similar to the intra-frequency case. Thus, more RRC connection re-establishment procedures will be triggered due to T310 expiration or T304 expiration. 
Besides, there may be uplink interference problems in HetNet. For example in macro-pico deployment, MUE at a macro cell edge close to a small cell will transmit with high uplink power. This may cause interference to the small cell which is receiving PUE’s uplink transmission at the same physical resources. Thus more PUE might suffer from MAC random access problems (e.g. due to reaching max preamble transmission number) or reaching the maximum number of RLC retransmissions, which would cause RLF and thus RRC connection re-establishment procedures. 
Observation 1: More RRC connection re-establishment procedures might be triggered in HetNet deployment. 
During RRC connection re-establishment procedure, UE would perform following steps: 
1) Cell selection to find a suitable cell
2) Perform RA in the selected suitable cell, and receive RRCConnectionReestablishment message

First, UE perform cell selection procedure in timer T311 to find a suitable cell. According to TS 36.133 [5], the delay requirement to find a suitable cell in RRC connection re-establishment procedure is 50 ms + Nfreq*Tsearch + TSI, where 
Tsearch is the time required by the UE to search the target PCell. 
Tsearch = It is [100] ms if the target PCell is known by the UE; the target PCell is known if it has been measured by the UE in the last 5 seconds.

Tsearch = It is 800 ms if the target PCell is unknown by the UE; the target PCell is unknown if it has not been measured by the UE in the last 5 seconds.

TSI = It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for the target PCell.
Nfreq: It is the total number of E-UTRA frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target PCell is known.
In macro only deployment, macro cells are deployed in a coordinated manner and typically a UE has performed measurement on the frequency to be searched. Thus the target PCell is known by the UE and Tsearch would be around 100ms and Nfreq = 1. However, in HetNet deployment, small cells might be deployed in an uncoordinated manner. In this case, the target PCell is unknown by the UE and Tsearch would be 800ms. Nfreq might be larger than 1, since the UE may need to monitor multiple frequencies for cell selection for RRC connection re-establishment. Hence, the time that Nfreq * Tsearch plus TSI (40ms MIB period, 80ms SIB1 period, e.g. 160ms SIB2 period) might be large. If the timer T311 is configured with a lower value e.g. 1 second, the UE might not find a suitable cell during T311. Then RRC connection re-establishment procedure will fail. 
Second, if the UE has found a suitable cell before T311 expiration, it will stop T311 and start timer T301 and perform RA. When receiving RRCConnectionReestablishment message, UE will consider RRC connection re-establishment to be successful. If the UE has selected a small cell with a small size and UE is moving fast, it is likely that the UE move to the edge of the small cell during RA procedure. The selected small cell might be no longer suitable or T301 might expire without receiving RRCConnectionReestablishment message. In this case, the UE will leave RRC_CONNECTED mode and RRC connection re-establishment procedure will fail.
In addition, when macro cells and small cells are deployed on the same frequency in HetNet, the cell selection and RA procedure performed by the UE in the victim cell might experience strong interference from the aggressor cells. This may lead to RRC Connection re-establishment failure in the victim cell. But we assume that this issue could be discussed in FeICIC WI in Rel-11. 
Even though the radio condition could ensure successful RA procedure within T301 in the small cell, UE might not receive RRCConnectionReestablishment message, but RRCConnectionReestablishmentReject message. That’s because the connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context.  In HetNet, the selected eNB may have no valid UE context, since there is no time to perform handover preparation or the small cell deployment is uncoordinated, as mentioned in [3][4]. Therefore, RRC connection re-establishment is more likely to fail in HetNet. 
Observation 2: A UE might experience more RRC connection re-establishment failure in HetNet deployment. 
Based on the above analysis and observations, we propose that: 

Proposal: RAN2 is kindly suggested to discuss the potential issues for RRC connection re-establishment in HetNet deployment, and then study if any the enhancement is necessary. 
3. Conclusion

In this contribution, we present our analysis on the potential RRC connection re-establishment issues in HetNets deployment. Based on our analysis and observations, we give following proposals: 
Proposal: RAN2 is kindly suggested to discuss the potential issues for RRC connection re-establishment in HetNet deployment, and then study if any the enhancement is necessary. 
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