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1 Introduction
Supporting multi carrier is important for the efficiency and flexiblility of the system ,and for sustainable quality of service for users. In LTE, the multi carrier would be deployed and there are plenty of technologies to provide multi carrier. Load balancing technology would be one of the most important feature to provide multi carrier. That is because load imbalancing that deteriorates the system performance would be a severe problem in LTE. Therefore, the solution to alleviate load imbalancing problem has been specified and the operator would apply load balancing to their system. 
In [1], the inter frequency handover is specified as one of the load balancing and operators would apply the inter frequency handover for the load balancing. During the operability test of the inter frequency handover for the load balancing, we observe the problem that the connection establishment has been delayed due to the cell reselection with dedicatd priority of the frequency.
This contribution propose to discuss the problem of the cell reselection with dedicated priority for the load balancing.
2 Background and Problem statement
The load balancing is specified in the following [1]:
10. Mobility

Load balancing is achieved in E-UTRAN with handover, redirection mechanisms upon RRC release and through the usage of inter-frequency and inter-RAT absolute priorities and inter-frequency Qoffset parameters.
16.1.6
Load Balancing (LB)

Load balancing has the task to handle uneven distribution of the traffic load over multiple cells. The purpose of LB is thus to influence the load distribution in such a manner that radio resources remain highly utilized and the QoS of in-progress sessions are maintained to the extent possible and call dropping probabilities are kept sufficiently small. LB algorithms may result in hand-over or cell reselection decisions with the purpose of redistribute traffic from highly loaded cells to underutilized cells. 

As we highlight in the above, load balancing for multi carrier in LTE could be achieved by inter frqeuency handover, redirection mechanism upon the RRC connection release and cell reselection from high load frequency to underutilized frequency. For cell reselection, the absolute priority of the frequency should be delivered to the UE by the system information and/or the RRC connection release message. Based on the absolute priority, the UE could search frequencies for cell reselection in a descendant order of absolute priority (from high to low priority). After the selection of the frequency, the UE would find the suitable cell. The inter frequency Qoffset could be applied to reselect suitable cell among same priority cells.
Observation 1: 

Based on current specification, inter frequency handover upon RRC connection release and cell reselection with absolute priority could be provided for load balancing.
We have tested the inter frequency handover upon RRC connection release and cell reselection for load balancing between frequency1 and frequency 2 in commercial LTE network.

During test, we have observed the problem that the connection establishment for RRC CONNECTED mode have been seriously delayed due to cell reselection based on the dedicated priority of the frequency.
Observation 2:

Inter frequency handover upon RRC connection release and cell reselection based on the dedicated priority causes a problem that the RRC connection establishment has been seriously delayed.

We briefly introduce the procedure of the load balancing in the following.
When we consider multi carrier (e.g., frequency 1 and 2), both carrier frequency 1 and 2 could be loaded. However, if frequency 1 have been overloaded and frequency 2 have been underutilized, which means there is room for more load in frequency 2, the network could detect  load imbalance state between frequency 1 and 2. For alleviating load imbalancing, the network could start load balancing algorithms specified in [1][2][3]
At this moment, the inter frequency handover upon RRC connection release with dedicated priority of frequency 2 have been used for load balancing. Dedicated priority for the frequency that is included in RRC connection release would be the absolute priority of frequency and RAT for cell reselection. Herethe dedicated priority of frequency 2 would be available until the t320 timer expire. Absolute priority from system information in a cell should be ignored if the dedicated priority is available.
By receiving the RRC connection release, the RRC CONNECTED UE would go to RRC IDLE and find the suitable cell for cell selection. After suitable cell have been selected, the UE camped on the cell which could be either freuqney 1 or frequeny 2. Although the current cell is suitable, in case the higher priority frequency exist, the UE should try to select more suitable cell for cell reselection. For cell reselection, frequency 2 should be searched as first priority frequency because the dedicated priority in RRC connection release only include frequency 2 and there is no dedicated priority of frequency 1 in RRC connection release. Therefore, frequency 1 could not be scanned for cell reselection until t320 expire and the UE would reselect and camp on the cell on frequency 2. In this mechanism, the load from frequency 1 could be distributed to frequency 2. 
During test of the above procedure, we have observed that after cell reselection to frequency 2, some UE have a problem of the failure and/or delay of the RRC connection establishment for RRC CONNECTED mode from time to time. 

By analysis, it has been detected that even though the reselected cell fullfill the reselection evaluation criteria, some UEs could have a problem that the uplink transmission cannot be reached to the eNB for connection establishment. 
Figure 1 depicts the connection establishment problem on frequency 2.
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Figure 1: The connection establishment problem on frequency 2
In figure 1, eNB freq1 and freq2 provide frequency 1 and 2, respectively. The UE has selected suitable cell on frequency 2 for cell reselection based on the dedicated priority. In general, for the suitable cell, there would be no problem to connect with the network for RRC CONNECTED. 

However, depending on the deployment of the network in operator, suitable cell could have a problem that the downlink transmission could be enough for the UE to receive and the uplink transmission could not be reachable to the network. In this case, the UE would be in trouble to connect the network by uplink transmission.
Following figure 2 and 3 explain our scenario for load balancing.
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Figure 2: inter frequency handover from cell A on freq 1 to cell C on freq 2
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Figure 3: UE mobility within cell C
In figure 2 and 3, the cell C on frequency 2 could be located in the outer area of the operator deployment area. In other words, the frequency 2 of cell C is not deployed for service in the geographic area where frequency 1 of Cell B is deployed. For example, frequency 1 is deployed nationwide whereas frequency 2 is deployed only in metropolitan area. In this case, the cell C on frequency 2 would have different interference with neighbor cells (e.g., cell A and Cell B) and have been distorted in cell boundary which is depicted as red line. Therefore, regarding the cell C, the cell boundary based on the downlink power would be different with neighbor cells in figure 2 and 3. 

In figure 2, the UE could reselect the cell C on frequency 2 due to the absolute priority of frequency 2. After cell reselection, the UE would camp on cell C. At this moment, the UE could be located in the yellow area or even in the outside of yellow area and inner area of red line in cell C. In figure 3, the UE located in the yellow area in cell C could be moved to the outside of yellow and inner area of red line. 
Basically, suitable cell selection should be based on the downlink power and quality. Thus, even the distorted cell could be selected as suitable cell if it fullfills the evaluation criteria. However, in the outside of yellow area in cell C, it could not be guranteed that the uplink transmission could be reached to network. Actually, in this case, it has been detected that the uplink transmission could not be reached to network and cause a problem for the connection establishment failure and dealy.

In figure 3, the UE could be still located in the overlapped area with cell C on frequency 2 and cell B on frequency 1 could be reselected for the UE connection establishment. However, due to the activation of t320 timer, the dedicated priority of frequency 2 should be applied as absolute priority. Therefore, frequency 1 could not be on the table of cell reselection candidate of frequency. Actually, the system information may include the absolute priority of frequency 1, frequency 2 and the others if available. However, the absolute priority from the system information should be ignored until the t320 timer expire. That is, even though the other frequencies except frequency 2 are available in the UE position in figure 3, the UE should wait for the t320 timer expiration for applying the absolute priority from the system information. t320 timer is defined from 5 minutes to 180 minutes. Upon configuraiton of the t320 timer, the UE should keep the problem state for a long time in this case.
Observation 3:
The problem of the failure and delay of the RRC connection establishment for RRC CONNECTED mode have been originated from the cell reselection with dedicated priority of the frequency. The failure and delay of the RRC connection establishment could be continued until t320 timer expires (from 5min to 180min).
Proposal 1:

We kindly propose to discuss on the above observations to clarify the problem. 
3 Analysis on specification
We can assume the two carrier frequencies e.g., frqeuency 1and frequency 2.
Inter frequency handover could be started from the RRC connection release with dedicated priority and t320 timerand the UE follows cell reselection procedure.
W analysis the reception of the RRC connection release and cell reselection in specification [2][3].
In [3], UE reception of the RRC connection release is specified in the following:
5.3.8.3
Reception of the RRCConnectionRelease by the UE

The UE shall:

1>
delay the following actions defined in this sub-clause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;

1>
if the RRCConnectionRelease message includes the idleModeMobilityControlInfo:

2>
store the cell reselection priority information provided by the idleModeMobilityControlInfo;
2>
if the t320 is included:

3>
start timer T320, with the timer value set according to the value of t320;

[…]

5.3.8.4
T320 expiry

The UE shall:

1>
if T320 expires:

2>
if stored, discard the cell reselection priority information provided by the idleModeMobilityControlInfo or inherited from another RAT;

2>
apply the cell reselection priority information broadcast in the system information;

In [2], cell reselection priority handling process are specified:
5.2.4
Cell Reselection evaluation process

5.2.4.1
Reselection priorities handling

Absolute priorities of different E-UTRAN frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRCConnectionRelease message, or by inheriting from another RAT at inter-RAT cell (re)selection. In the case of system information, an E-UTRAN frequency or inter-RAT frequency may be listed without providing a priority (i.e. the field cellReselectionPriority is absent for that frequency). If priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information. If UE is in camped on any cell state, UE shall only apply the priorities provided by system information from current cell, and the UE preserves priorities provided by dedicated signalling unless specified otherwise. When the UE in camped normally state, has only dedicated priorities other than for the current frequency, the UE shall consider the current frequency to be the lowest priority frequency (i.e. lower than the eight network configured values). While the UE is camped on a suitable CSG cell, the UE shall always consider the current frequency to be the highest priority frequency (i.e. higher than the eight network configured values), irrespective of any other priority value allocated to this frequency. If the UE has knowledge on which frequency an MBMS service of interest is provided, it may consider that frequency to be the highest priority during the MBMS session [2]. The UE shall delete priorities provided by dedicated signalling when:

· the UE enters RRC_CONNECTED state; or

· the optional validity time of dedicated priorities (T320) expires; or

· a PLMN selection is performed on request by NAS [5].

NOTE:
Equal priorities between RATs are not supported.

The UE shall only perform cell reselection evaluation for E-UTRAN frequencies and inter-RAT frequencies that are given in system information and for which the UE has a priority provided.
The UE shall not consider any black listed cells as candidate for cell reselection.

The UE shall inherit the priorities provided by dedicated signalling and the remaining validity time (i.e., T320 in E-UTRA, T322 in UTRA and T3230 in GERAN), if configured, at inter-RAT cell (re)selection.

Based on the above specification [2][3], the UE in the cell on frequency 1 that has been overloaded could be indicated to be released by the RRC connection release for the load balancing to enforce to move and search suitable cell on frequency 2 which is underutilized. If RRC connection release contain dedicated prioirty in idleModeMobilityControlInfo, the UE would store cell reselection priority information which are dedicated priority of the frequency and RAT and the t320 timer should be started if included. In the above example, idleModeMobility could have dedicated priority only for frequency 2. 
After the UE receives the RRC connection release message, the CONNECTED UE should go for the RRC IDLE mode and find the suitable cell for cell selection purpose. If suitable cell is selected, the UE would be camping on that suitable cell. Finally, the UE would be on the camped normally state and even camped normally state, the UE tries to find more suitable cell for cell reselection. 
For cell reselection process, the absolute priority would be allocated in the system information and in RRC connection release message. As explained in the above, if dedicated priorities are provided in the RRC connection release, the UE shall ignore all the priorities provided in system information. The dedicated priority would be kept until the UE enter RRC CONNECTED state or the t320 timer expires. Therefore, in this case, the cell reselection priority for frequency 2 would be valid during the t320 timer and there would be no priority for the other freqeuncy in dedicated priority if the network only indicate the priority for the frequency 2 in dedicated signaling. Thus, if the UE could search for the suitable cell in frequency 2, the selected cell could be the suitable cell for cell reselection in frequency 2 and finally the UE would be camping on the suitable cell in freqeuncy 2. 

4 Potential solution
Dedicated priority could impact on the cell reselection process for load balancing. As long as dedicated priority is available, the adsolute priority from the system information should be ignored. Therefore, even there are plenty of frequencies to be reselected as suitable cell, the UE could not search the other frequencies except the frequency dedicated signalled by the network until the t320 expire. For solving this problem, we propose to discuss the following approaches.

a) the t320 timer optimization

Currently, the t320 timer value start from 5min up to 180min. The t320 timer value might be desinged to reflect the enough time to cell reselection based on the dedicated priority, not on the system information. However, in commercial network, the operator could have only one or two carrier for their LTE system. Therefore, generally the cell reselection duration for one or dual carrier would not be large. In case load balancing, the UE might not be in RRC IDLE mode but change into RRC CONNECTED mode after cell reselection. Hence, there would be no reason to stay in prioritized frequencies dedicatedly allocated. Actually, we do not confirm how smaller t320 value is needed. However, if the smaller t320 timer is agreeable, we could evaluate the fit value of the t320 timer for this case.

b) the t320 timer expire when the UE try to establish RRC connection 
The t320 timer would expire when the UE enters RRC CONNECTED state. However, if we consider the load balancing and the UE behaviour, the meaning of the UE try to enter RRC_CONNECTED mode would be that the UE want to connect and change the mode into RRC_CONNECTED for incomng or outgoing call. Especially, there would be no more dedicated priority frequencies to be reselected. In this case, it would be better to expire the t320 and find the other frequency to be reselected in absolute priority from the system information. Therefore, following description would be changed like this in [2].
· the UE tries to enter RRC_CONNECTED state; or

· the optional validity time of dedicated priorities (T320) expires; or

c) redirection for load balancing
In [1], it is already commented that the redirection could be used for the load balancing mechanism. In two carrier operation, the dedicated priority might only include the one dedicated priority for the frequency. 
Actually, the problem from cell reselection with dedicated priority could be removed because this approach would not allocate dedicated priority for frequency and directly dedicated frequency could be allocated for load balancing. Therefore, the redirection mechanism could be an alternative for load balancing especially in case two carrier. However, there is no comment on the use case of this in the specification. 
Proposal 2: 
We kindly propose to discuss on the potential solutions in the above.
5 Conclusion

We have observed the followings
Observation 1: 

Based on current specification, inter frequency handover upon RRC connection release and cell reselection with absolute priority could be provided for load balancing.
Observation 2:

Inter frequency handover upon RRC connection release and cell reselection based on the dedicated priority causes a problem that the RRC connection establishment has been seriously delayed.

Observation 3:
The problem of the failure and delay of the RRC connection establishment for RRC CONNECTED mode have been originated from the cell reselection with dedicated priority of the frequency. The failure and delay of the RRC connection establishment could be continued until t320 timer expires (from 5min to 180min).

Based on the observation above, we propose
Proposal 1:

We kindly propose to discuss on the above observations to clarify the problem. 
Proposal 2: 
We kindly propose to discuss on the potential solutions in the above.
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