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1 Introduction
In RAN2#92 meeting, it has been agreed that a method for inter-frequency load distribution (quite static) is needed and the details are FFS [1]. In this paper, the potential methods for inter-frequency load balancing are discussed and analyzed. This paper is the resubmission of R2-160434 in NB-IoT adhoc meeting with small wording change.
2 Discussion
2.1 Load balancing by parameters in system information
There are two cell reselection mechanisms in current LTE: ranking based cell reselection and priority based cell reselection. These two mechanisms both can broadcast some frequency parameters in system information.
For ranking based cell reselection, some frequency offsets are broadcast in system information. During the ranking period, the frequency with smaller offset has more chance to be chosen by the UE. In that way the network can offload the UEs to some specific frequency. Such mechanism works well in a long term load balancing of the whole system by gradually moving UEs to light loaded frequencies. However this mechanism might not be precise enough as there is no method to ask certain UEs to be offloaded to other frequencies and only relies on how frequent for the UE in idle mode to do autonomous cell reselection.
For common priority based cell reselection, frequency priorities are broadcast in system information. If the frequency with highest priority is suitable, the UE will camp on it. In that way the network can offload the UEs to some specific frequency. The problem is similar as the above that for precise load balancing, such mechanism is not good enough.
Observation 1: Only ranking based cell reselection or only common priority based cell reselection cannot provide precise inter-frequency load balancing.
2.2 Load balancing by dedicated signalling
2.2.1 General

As discussed in the above section, mechanisms based on parameters in the system information for inter-frequency load balancing are not good enough in some cases. In current LTE, two kinds of information in RRCConnectionRelease message are useful to balance the load between frequencies. One is redirection information and the other is dedicated priority.
Redirection information is used for cell selection procedure. UE shall attempt to camp on a suitable cell according to the redirection information. After finishing the cell selection, the UE may go to sleep. When the UE wakes up to send MO data or receive paging, if ranking based cell reselection is applied, the UE will stay in the frequency indicated by the redirection information if the serving cell is good enough.

Dedicated priority information is used for cell reselection procedure. If dedicated priority is included in the RRCConnectionRelease message, UE needs to store this information and subjects to the dedicated priority during the cell reselection procedure. 
Observation 2: Redirection combined with ranking based cell reselection, and dedicated priority can both achieve good inter-frequency load balancing.
Both mechanisms are dedicated to a certain UE and allows the UE to be offloaded to certain frequencies, and therefore it is seen no big difference on the efficiency to achieve load balancing between these two mechanisms. In this case it seems unnecessary to keep both options in NB-IoT.
Proposal 1: One single method is expected to support inter-frequency load balancing.
2.2.2 Measurement
In last RAN2 meeting, it was discussed that whether the blind redirection is feasible for inter-frequency load balancing. 
By using redirection to distribute UEs to different frequencies, UEs will measure the frequency indicated in the redirection information to check whether the frequency is suitable to camp on during the cell selection and measure the serving cell again to check whether cell reselection is needed when the UEs wake up. Thus the measurement in connected mode is unnecessary and the network can indicate redirection information only considering the load condition of each frequency.
By using dedicated priority to distribute UEs to different frequencies, no connected mode measurement is required in current LTE. The network can decide dedicated priority for UEs only according to the inter-frequency load balancing requirement. UEs measure the frequency with dedicated highest priority and determine whether it is suitable during cell reselection procedure after receiving the dedicated priority. Therefore this is also a kind of blind method.
Proposal 2: For the purpose of load balancing, there is no fundamental difference between redirection and dedicated priority; both are blind mechanisms without measurement in connected mode.

2.2.3 Signalling overhead
In case of redirection is used, UE stays in the frequency indicated by the redirection information by ranking based cell reselection if the frequency is suitable to camp on until the network finds the load among frequencies is not balanced and initiates redirection again. Considering the inter-frequency load balancing is a quite static procedure and seems no need to indicate other RAT frequency, the signalling overhead of redirection is acceptable. 
In case of dedicated priority is used, there is a timer i.e. T320 to define the available time of dedicated priority. When the timer expires, the UE uses common priority broadcast in system information in cell reselection. If the dedicated priority is still expected to be subjected to, it needs to be provided to the UE again. To resolve this problem the extension or remove of T320 needs to be considered. Additionally, the dedicated priority may need to be carried in each RRCConnectionRelease message if eNB doesn’t want UE to use the common priority. More signalling overhead is cost compared with redirection.
Observation 3: The signalling overhead used for redirection or dedicated priority cell reselection is acceptable, and the former is lower than the latter.
And for priority based cell reselection, when the UE wakes up it has to perform measurement of the highest priority frequency if it camps on the non-highest priority frequency. In addition the priority based cell reselection requires more parameters to be broadcast in the system information and more complicated algorithm for UEs to handle common and dedicated priorities, and all these would cost more power consumption which is quite sensitive for NB-IoT devices.

However for the ranking based cell reselection, the mechanism is quite straight forward and can achieve equal efficiency of dynamic load balancing, therefore from sourcing companies’ view redirection combined with ranking based cell reselection is preferable for NB-IoT. 
Proposal 3: Priority based cell reselection is not supported.
Proposal 4: Redirection is used for the inter-frequency load balancing.
3 Summary
This paper discusses the inter-frequency load balancing of NB-IoT, the corresponding observations and proposals are listed as below.
Observation 1: Only ranking based cell reselection or only common priority based cell reselection cannot provide precise inter-frequency load balancing.
Observation 2: Redirection combined with ranking based cell reselection, and dedicated priority can both achieve good inter-frequency load balancing.
Observation 3: The signalling overhead used for redirection or dedicated priority cell reselection is acceptable, and the former is lower than the latter.
Proposal 1: One single method is expected to support inter-frequency load balancing.
Proposal 2: For the purpose of load balancing, there is no fundamental difference between redirection and dedicated priority; both are blind mechanisms without measurement in connected mode.
Proposal 3: Priority based cell reselection is not supported.
Proposal 4: Redirection is used for the inter-frequency load balancing.
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