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1. Introduction
RAN2#89-bis started the discussion on the multi-carrier load distribution WI and approved the requirements as follows [1]; 
	Requirements targeted in this WI

1)
It should be possible under network control to re-distribute among the different carries a fraction of users currently camped on these carriers

2)
It should be possible under network control to distribute among the different carries a fraction of users moving into the cells from other cells

3)
Different deployment scenarios should be supported – macro only networks, co-channel and inter-frequency small cell deployments

4)
It should be possible to control the load distribution among individual cells rather than only on a carrier level (for example the scenario that the macro cell in a co-channel Het-Net deployment and/or certain small cells on another carrier may be overloaded) 

5)
Solutions should cater for different (re)distribution decisions in the network that take into consideration other factors:


a) eMBMS deployments on macro or small cell layer


b) Number of devices supporting certain bands (other capabilities can be considered)


c) Bandwidth of the different carriers may be different

6)
The solution should avoid a user ping-pong among carriers

7)
Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signalling) for UEs in CONNECTED. 




In this contribution, the benefits and shortcomings in the possible solutions with per-cell priorities and/or reselection probabilities are considered. 
2. Discussion
2.1. Evaluation scenario 
As discussed in [2], it’s one of big challenges to solve “mass reselection” scenario due to clustered UE. The scenario is the same with Scenario 2 in [3]. With the current cell reselection mechanism, the UEs which are located in the same geographical area, i.e., experience similar RSRP/RSRQ, cannot be distributed among different carriers under network control. The solutions should be expected to solve this issue. 
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Fig. 1
Mass reselection of clustered UE 
2.2. Possible solutions 
The five possible solutions were summarized in [3], and there are two promising solutions on the agreement that It should be possible to control the load distribution among individual cells rather than only on a carrier level [1], the cell specific priority (CSP) and the cell specific priority probability (CSPP). 

CSP provides a new cell reselection priority for specific cell in addition to the existing cellReselectionPriority for each frequency, and the cell specific priority is applied when the specific cell is ranked the highest on a frequency. The UE is mandated to perform inter-frequency measurement during the cellReselectionPriority is provided [4]. 

CSPP provides a new probability (Prs) for UEs to determine whether it should perform cell reselection to a different frequency or stay in the current frequency.  And if the probability outcome is such that the UE should select a different frequency then the cell selection priority on is based on the same mechanism as  CSP [3]. CSPP will be capable to re-distribute among the different carries a fraction of users currently camped on these carriers, thanks to the probability [1]
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[3]. 
Observation 1 The agreement implies that the serving cell provides an inter-frequency priority list for specific cell(s) based on probability. 
2.2.1. Reselection priorities handling aspects

As suggested in [3], CSP and CSPP work well for offloading the idle UEs to the other frequency/cell. 
However, both CSP and CSPP need to configure the reselection priority with higher than current frequency and it force the UEs continuous inter-frequency measurement [4], which results in additional power consumption. To minimize UE power consumption, the load re-distribution mechanism is expected to be done within equal priority frequencies. Furthermore, CSP cannot solve the mass-reselection, i.e., all UEs camped on a cell have to move to the other cell, as also pointed out in [3]. 

Proposal 1 The solutions should work within equal priority frequencies, to avoid unnecessary UE power consumption. 
2.2.2. Measurement rules for cell reselection aspects
Assuming equal priority frequencies, the current specification defines that If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority [5], which is important rule to reduce UE power consumption. On the other hand, for the purpose of load re-distribution of UEs it may be necessary to force some UEs to perform inter-frequency measurement and cell reselection as suggested by CSP or CSPP whenever a higher priority cell is provided in the cell specific priority list [3]
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[4], which will result in additional UE power consumption. So, it’s preferable that inter-frequency measurement and cell reselection should be performed only once for load re-distribution. For example with CSPP, the given probability, Prs = 0.2, is applicable for a one-shot reselection in a given re-distribution event, i.e., if the cell reselections are performed twice or more then Prs will no longer be 0.2, as shown in Fig.1.  
Proposal 2 The UE should perform inter-frequency measurement and cell reselection only once in a given load re-distribution event. 
To avoid multiple inter-frequency measurements and cell reselections, the re-distribution of UEs should be triggered by such as “reselection indication” provided in SIB or dedicated signalling. The “reselection indication” also includes a counter value, as similar to the existing value tag in SIB, in order that the UE identify whether the inter-frequency measurement and cell reselection are performed by the “reselection indication”. The counter value is assumed to be increased when a cell reselection is triggered. The UE would compare the current counter value to the latest counter value which previously triggered a cell reselection, and it determine whether a new cell reselection should be performed or not. 
Proposal 3 The inter-frequency measurement and cell reselection should be triggered by an indication provided in SIB or dedicated signalling, which possibly contains a counter value in order to confirm validity of the indication. 
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Fig.1
# of UEs moved to other frequency vs. # of cell reselections
2.2.3. Cell reselection criteria aspects
According to the current specification [5], intra-frequency cells and equal priority inter-frequency cells are ranked by R-criteria, and the best cell in the ranking is selected as the new cell. The rule ensures the best performance in UE throughput when the UE transitions to Connected from RSRP point of view, although it cannot consider RSRQ/SINR and cell load aspects. It cannot fulfil the agreed requirement that Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signalling) for UEs in CONNECTED. 
Proposal 4 The solutions should consider enhancements in the ranking mechanism to maximize user throughput and network capacity. 
CSPP does not use this rule since the UE will randomly select a cell among the same priority cells [3], while CSP reuses the rule. Although this rule is beneficial in the past, it should be enhanced for today’s multi-carrier operations, i.e., to avoid the mass reselection. It could be considered there are four options as follows; 
· Option 1: Ranking randomization (RR), as is in CSPP. 
In contrast to the current ranking mechanism, the cell is reselected randomly from all cells which fulfil S-criteria, i.e., not only the best ranked cell but also the second ranked cell, the third ranked cell and so on. This option can solve the mass reselection problem, although it’s possible to reselect worse cell than expected from the radio condition point of view, and it results in increasing handover for throughput optimization when the UE transitions to Connected. 
· Option 2: Ranking randomization with range (RRR) 
This option is enhancement over option 1 (RR). As same as option 1, the reselected cell is randomized regardless of its ranking, but it’s limited within a range. The range is set with e.g., 3 ranks, and then the cell is reselected from top three cells in the ranking, the best cell, the second best cell or the third cell. The rank may be enhanced with value of X dB, and then the cell is chosen from the cells fulfil its RSRP is over RSRP of the best ranked cell minus X dB. The benefit of this option over option 1 (RR) is to ensure moderate signal strength within the range, which contributes to reduce handover for user throughput optimization when the UE transitions to Connected. 
· Option 3: Ranking specific probability (RSP) 

With this option, probabilities for each rank are provided by the serving cell. For example with three ranks, the probabilities are set with 50% for the best rank, 30% with the second rank and 20% for the third rank. The UEs uses random number in the ranking mechanism and 50% of the UEs reselect the best ranked cell. In similar fashion, 30% of the UEs reselect the second best cell and 20% reselect the third ranked cell. The benefits in this option is not only to build on the existing ranking mechanism but also to avoid reselecting the worse ranked cell, e.g., the fourth ranked cell which reduce handover for user throughput optimization when the UE transitions to Connected. 
· Option 4: Grouping and group specific re-distribution (GSR) 

This option assumes that a dedicated signalling, e.g., RRCConnectionRelease, includes specific group ID. After the grouping, the serving cell may provide in SIB different set of cell reselection parameters and/or a trigger of cell reselection for each group. Considering all UEs transition to Connected during e.g., initial attach, it could be possible to configure all UEs with each group. It’s FFS how to handle the group when UEs perform cell reselection. 
Option 1 cannot avoid handover for user throughput optimization when the UE transitions to Connected, while the other options can solve it. Option 2 and Option 3 can perform “soft” re-distribution among cells under network control. Option 4 can work as “full network controlled” re-distribution. Considering complexity of the control, option 2 or option 3 is slightly preferable solution. 
Proposal 5 RAN2 should consider either the ranking randomization with a range (RRR) or the ranking specific probability (RSP) for equal priority inter-frequency cell reselection. 
3. Conclusion 
In this paper, the benefits and shortcomings in the possible solutions with per-cell priorities and/or reselection probabilities are provided. The additional solution is identified and evaluated.  RAN2 is kindly asked to take into account the observations/proposals below; 
Observation 1
The agreement implies that the serving cell provides an inter-frequency priority list for specific cell(s) based on probability.
Proposal 1
The solutions should work within equal priority frequencies, to avoid unnecessary UE power consumption.
Proposal 2
The UE should perform inter-frequency measurement and cell reselection only once in a given load re-distribution event.
Proposal 3
The inter-frequency measurement and cell reselection should be triggered by an indication provided in SIB or dedicated signalling, which possibly contains a counter value in order to confirm validity of the indication.
Proposal 4
The solutions should consider enhancements in the ranking mechanism to maximize user throughput and network capacity.
Proposal 5
RAN2 should consider either the ranking randomization with a range (RRR) or the ranking specific probability (RSP) for equal priority inter-frequency cell reselection.
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