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1.  Introduction
A new work item in Rel-13 for load distribution of UEs in IDLE mode has been kicked off [1-2]. RAN2 is asked to have a study phase to look at the limitations of the existing mechanism and measurement quantities for the load distribution. This contribution looks at limitations of existing specifications and mechanisms – AC barring and Paging – then describing our findings.
2. Discussions
RAN2 has taken brief discussions on limitations of some existing mechanism and solutions proposed by companies in TEI12 [2-9]. As in [8], proposed solutions are categorized as four solutions: absolute priority, dedicated priority, cell-specific offset, and connected mode load balancing. However, these solutions are aiming at the UE distribution “from the beginning” i.e. cell selection and re-selection but the final goal seems to be also achieved from another angles. More specifically, instead of thinking about the UE distribution “from the beginning”, the “distribution before talk” could also minimize load-triggered HO or redirection of UE during connected mode, which is the objective of this work item. From the “distribution before talk” point of view, we try to look at Access Class (AC) barring and Paging.
2.1. UL: Limitation analysis of AC barring
One of the popular load control methods for the uplink is the AC barring. As in TS36.304, when the UE tries to establish the RRC connection, the UE has to check if the AC barring is applied. The access from the UE is barred by a probability which is broadcasted by ac-BarringFactor for some time period which is also broadcasted by ac-BarringTime.
TS36.304:

	5.3.2
Access control

Information on cell access restrictions associated with the Access Classes is broadcast as system information, [3].

The UE shall ignore Access Class related cell access restrictions when selecting a cell to camp on, i.e. it shall not reject a cell for camping on because access on that cell is not allowed for any of the Access Classes of the UE. A change of the indicated access restriction shall not trigger cell reselection by the UE.

Access Class related cell access restrictions shall be checked by the UE when starting RRC connection establishment procedure as specified in [3].


According to TS36.331, the UE is still allowed to perform cell re-selection measurement and evaluation during the AC barring period. The UE is required to reselect a new cell when the reselection criteria is fulfilled. So if the best cell for the UE has been changed, the UE is required to camp on the new best cell. In such a “distribution before talk” way, the UE distribution can be achieved to some extent.
TS36.331:
	5.3.3.3
Actions related to transmission of RRCConnectionRequest message

The UE shall set the contents of RRCConnectionRequest message as follows:

1>
set the ue-Identity as follows:

2>
if upper layers provide an S-TMSI:

3>
set the ue-Identity to the value received from upper layers;

2>
else:

3>
draw a random value in the range 0 .. 240-1 and set the ue-Identity to this value;

NOTE 1:
Upper layers provide the S-TMSI if the UE is registered in the TA of the current cell.

1>
set the establishmentCause in accordance with the information received from upper layers;

The UE shall submit the RRCConnectionRequest message to lower layers for transmission.

The UE shall continue cell re-selection related measurements as well as cell re-selection evaluation. If the conditions for cell re-selection are fulfilled, the UE shall perform cell re-selection as specified in 5.3.3.5.


However, there seem to be couple of limitations of AC barring for UL.
· Although the UE can reselect one of other cells than the current serving cell, the UE may still stay at the current serving cell if the best cell i.e. the current serving cell has not been changed. After the cell barring period is elapsed, the UE would start accessing the serving cell but the serving cell may be still overloaded. Examples of such UEs include low mobility UEs.
· There are trade-off between the cell load control and the AC barring parameters (i.e. the barring factor and the barring time). If the operator tries to reduce the cell load, the barring factor should be set to a high value and the barring time should be set to a long value. As we can easily see, the user experience may be degraded in such aggressive load control settings.
With this observation, limitations of AC barring for UL is that the UE may not reselect other cells during the barring period. So the study area could include whether the traffic load and the access load can be controlled if the reselection to other cell becomes more frequent during the AC barring period.
Observations 1
Limitation of AC barring in UL access is that the UE may not reselect other cells during the barring period.
2.2. DL: Limitation analysis of Paging
For DL, the paging is the first trigger for the UE to establish the RRC connection. Depending the cell load, the eNB can control the paging frequency. However, there seems to be also some limitations.
· For DL access, the UE has to establish RRC connection to send NAS Service Request after the paging reception. Normally, the eNB doesn’t know which cell the UE is camping on so that the paging is continuously sent from multiple cells within the Tracking Area even from overloaded cells until the eNB detects the RRC connection establishment. There are couple of Tracking Area (TA) deployments as show in Figs 1 and 2. The paging overhead is increased andt the TA update signalling is decreased in Fig.1 but vice versa in Fig.2.
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Fig.1: Paging in wide TA scenario (above); Fig.2: Paging in narrow TA scenario (below)
Here, the limitations is that the paging may be continuously transmitted from cells within the TA, even the transmission frequency can be controlled taking the cell load into account. So the study area could include whether the traffic load and the access load can be well handled if the UE gets the freedom to respond to the paging from one of non-overloaded cells within TA.
Observations 2
Limitation of paging in DL access is that the paging and the response seems to be coupled within the same serving cell.
2.3. Findings of our observations
The AC barring and the paging can control the load of cells in such a manner that the traffic overload and access overload are distributed in “time domain” i.e. the data service latency is shared among UEs when the cells are overloaded. If the time-domain limitations are relaxed in such a manner that these overload are also distributed in “frequency domain”, the overload could be reduced. Solutions [2-9] ae aiming at the UE distribution from beginning i.e. initial cell selection, so that it can theoretically achieve optimal distribution among multiple carriers. At the same time, the above “frequency-domain distribution” by “distribution before talk” could also achieve the load distribution. In addition, it could be used at the same time with proposed solutions [2-9] by minimising load-triggered HO or connected-mode redirection.
Proposal 1
Relaxing the time-domain limitation of the AC barring and the paging to the frequency domain can achieve the goal of the WI.
3. Conclusion

Observations 1
Limitation of AC barring in UL access is that the UE may not reselect other cells during the barring period.

Observations 2
Limitation of paging in DL access is that the paging and the response seems to be coupled within the same serving cell.
Proposal 1
Relaxing the time-domain limitation of the AC barring and the paging to the frequency domain can achieve the goal of the WI.
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