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1. Introduction
In RAN2#90, RAN2 agreed that Solution should be able to move fraction of the UEs from one cell to another cell and To  focus on solutions using e.g. per-cell parameter and/or reselection probabilities from RAN2#91 meeting [1]. 

In [2], the necessity of the continuous distribution mechanism and the one-shot re-distribution mechanism is discussed in order to minimize the impacts on the UE power consumption and the NW operation in lightly loaded condition. 
This contribution considers the solutions with per-cell parameter and/or reselection probabilities for the one-shot re-distribution mechanism. 
2. Discussion
2.1. One-shot re-distribution mechanism 
The one-shot re-distribution obviously needs a trigger for the initiation of special cell reselection procedure [2]. The following solutions for cell reselection by fraction of UEs are considered after the triggering. 
2.1.1. Cell reselection by fraction of UEs 
As agreed in RAN2#90, it’s one of big challenges in this WI that Solution should be able to move fraction of the UEs from one cell to another cell [1]. The possible solutions were suggested as follows; 
· Assuming the cell-specific priority list is provisioned in advance [3] and the priority has to be higher than that of the serving cell; 

· Option 1-a: Cell-specific priority with random threshold offset [4]
· If it could be applicable to the one-shot re-distribution, when a trigger happens the UE generates the random value for a cell of higher priority frequency, and the UE reselects the cell if Squal > Thresh’X, HighQ or Srxlev > Thresh’X, HighP is fulfilled, wherein Thresh’X, HighQ or Thresh’X, HighP is applied with the randomized offset (i.e., Thresh’X, HighQ  = ThreshX, HighQ + offset x/cell * random) as suggested in section 2.1.4.1 of [4]. 

· One drawback with this approach is that the Thresh’X may not ensure good user throughput with wider/negative range of the randomized offset and that only UEs in cell-edge can move to the other cell with narrower range of the randomized offset. 

· Option 1-b: Cell-specific priority with probability (CSPP) [5]
· If it could be applicable to the one-shot re-distribution, when a trigger happens the UE generates the random value for the cell prioritized and reselect it if the random value exceeds the probability provided. 
· One drawback may be that the cell reselected can only ensure S-criteria, not for ThreshX nor R-criteria. It may result in the degradation of user throughput when the UE transitions to RRC Connected. 

· Option 1-c: Counter-based scheme with number of cell reselection [6]
· If it could be applicable to the one-shot re-distribution, whereby the UE keeps track of the number of reselections and when a trigger happens, the UE decides whether the cell reselection priority should be applied or ignored based on the counter value. 
· Independent of the priority handling, i.e., not only for higher priority cells; 

· Option 2-a: Ranking randomization within a specified range [7]
· This option may be considered as an extension of Option 1-b (from the randomization point of view) and it is essentially the same as Option 1-a from the range concept perspective, but Option 2-a focuses on the enhancements in the ranking process [8]. With the specified range, the degradation of user throughput may be limited and is under network control. The details of range are FFS, e.g., the unit may be [dB]. 
· Option 2-b: Ranking-specific probability [7]
· This option is similar to Option 2-a, but Option 2-b focuses on the enhancements in the ranking process with probabilities similar to Option 1-b. Since the probability corresponds to each rank, the UE is allowed to reselect the cell with better rank order and probabilities. 
All options could move fraction of the UEs from one cell to another cell. The most significant difference between Options 1-x and Options 2-x is whether a cell specific priority list (CSP) is needed or not. Since Options 1-x would only take the priority handling in the reselection consideration, the reselected cell may not be optimal (or close to optimal) for each UE from the radio quality point of view, i.e., the new cell may only fulfil the S-criterion even if some cells offering better radio quality are available around the UE. In addition, Options 1-x cannot consider equal priority frequencies/cells since these options rely on the configuration with higher priority frequencies/cells. 
Options 2-x may be based on the existing ranking process which ensured a cell reselection to a better cell as the result of comparison to cells the UE detects. So, Options 2-x can potentially Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signalling) for UEs in CONNECTED [9]. Therefore, the one-shot re-distribution should adapt the ranking process. 
Proposal 1 The ranking process should be enhanced for the one-shot re-distribution. 
2.1.2. Target cells/frequencies for enhanced ranking process 
If Proposal 1 is agreeable, the issue is which cell/frequency should be considered in the enhanced ranking process. In the current specification [8], the evaluation with the R-criteria applies for intra-frequency and equal priority inter-frequency cells. So, to minimize changes in the specification, the target cells/frequencies for the enhanced ranking process should also be considered under equal priority cells/frequencies. 
Proposal 2 The target cells/frequencies in the one-shot re-distribution should only be applicable under equal priority cells/frequencies. 
If Proposal 2 is acceptable, it’s necessary to determine how the equal priority target cells/frequencies are provided to the UE for the one-shot distribution. The following alternatives could be considered; 
· Alt.1: The serving cell provides the cell/frequency list explicitly; 

· The UE simply consider the cells/frequencies provided in the list in the enhanced ranking process. 

· Alt.2: The serving cell provides the cell/frequency implicitly; 

· It could use the extended cell reselection priority agreed in RAN2#90 [1]. For each cell/frequency configured with the extended cell reselection priority, the UE determines these cells/frequencies for enhanced ranking process. It’s FFS whether the UE should also take the legacy cell reselection priority into account. Some examples are provided in Table 1. 
From the perspective of signalling overhead, Alt.2 is better than Alt.1. However, Alt.2 will need at least one more rule to determine the target cells/frequencies, e.g., whether the prioritized cells/frequencies in the legacy cell reselection priority should still be prioritized.  Although there are pros and cons associated with each alternative, Alt.2 is the slightly preferred solution. 
Proposal 3 RAN2 should decide if the cells/frequencies configured with the extended cell reselection priority should be considered as equal priority in the one-shot re-distribution. 
Table 1
Examples of implicit target cells/frequencies provisioning with Alt.2 

	
	Legacy priority
i.e., cellReselectionPriority [10]
	Extended priority
e.g., CellReselSubPriority-r12 [11]
	Alt.2-1
	Alt.2-2
	Alt.2-3
	Alt.2-4

	F1
	7
	3
	Target
	Target
	Target
	Target

	F2
	7
	3
	Target
	Target
	Target
	Target

	F3
	7
	1
	Target
	
	Target
	

	F4
	7
	(not provided)
	
	
	
	

	F5
	3
	3
	
	
	Target
	Target

	F6
	3
	1
	
	
	Target
	

	F7
	3
	(not provided)
	
	
	
	


Note: The serving cell may be legacy priority 5, and the target cells/frequencies are configured; 
· Alt.2-1: With a (e.g., higher) legacy priority and any extended priority. 

· Alt.2-2: With a (e.g., higher) legacy priority and a (e.g., higher) extended priority. 
· Alt.2-3: With any extended priority, regardless of the legacy priority. 
· Alt.2-4: With a (e.g., higher) extended priority, regardless of the legacy priority. 
2.2. Additional considerations 
2.2.1. Further considerations for randomization 
It was pointed out in [6] that the probability-based scheme has some concern on the testability and/or controllability of the reselection by the network. Thus, the counter-based scheme was suggested as an alternative to the probabilistic-based scheme. However, if the probability-based scheme is a really problem, it could also be considered whether the randomization may be based on the UE_ID (or the IMSI) similar to the existing paging frame/occasion determination [8]. For example with IMSI, the UE could perform the (special) cell reselection procedure if (IMSI mod Np) = Nr is fulfilled, wherein Np and Nr configured based on the expected probability and fairness among UEs. If Np and Nr are configured with 10 and 0 respectively, the probability of fulfilling the equation is 10%.  If the IMSIs are assumed to be adequately randomized among UEs within a cell, the network may control the probability, while the UE testability would be much simpler. 
Proposal 4 If the probability-based scheme is not preferred, the IMSI-based randomization should be considered as a viable alternative. 
2.2.2. Possibility of RSRQ/SINR-based ranking process 
The current R-criteria only consider RSRP [8], thus radio quality is not taken into account. If only the received power is evaluated, it could ensure the optimal throughput in homogeneous network with macro cells. However, this isn’t applicable for HetNet deployments, e.g., the small cell located near a macro cell may offer better RSRP but worse RSRQ than a cell on the frequency layer with small cell only. To maximize the user throughput and network capacity when the UE transitions to Connected, it’s worth revisiting the R-criteria with RSRQ or SINR. If IDLE UEs uses a more accurate indication of signal quality than what is used today, it would potentially meet the requirement to Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signalling) for UEs in CONNECTED [9].
Proposal 5 RAN2 should consider whether the R-criteria should be revisited using a different signal quality criteria considering HetNet deployments. 
3. Conclusion 
In this paper, the possible solutions for the one-shot re-distribution are evaluated and the framework using ranking process is proposed. Additionally, the possible options for probability-based scheme and reference signal quality-based ranking are suggested to move the discussion forward.  RAN2 is kindly asked to take into account the observations/proposals below: 
Proposal 1
The ranking process should be enhanced for the one-shot re-distribution.
Proposal 2
The target cells/frequencies in the one-shot re-distribution should only be applicable under equal priority cells/frequencies.
Proposal 3
RAN2 should decide if the cells/frequencies configured with the extended cell reselection priority should be considered as equal priority in the one-shot re-distribution.
Proposal 4
If the probability-based scheme is not preferred, the IMSI-based randomization should be considered as a viable alternative.
Proposal 5
RAN2 should consider whether the R-criteria should be revisited using a different signal quality criteria considering HetNet deployments.
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