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1. Introduction
TSG-RAN#67 approved the new work item on Multicarrier Load Distribution of UEs in LTE [1] and the objective of this work item is to enhance the cell reselection mechanism in IDLE under up-to-date multicarrier operations [2]; 
	The WI should first have a study phase to look at:

· Limitations of the current mechanisms and measurement quantities for redistribution of UEs amongst multiple LTE carriers. 

Based on the analysis of the study phase, the WI should provide solution(s) for:

· To redistribute RRC Idle UEs amongst LTE carriers that minimize the need for load triggered HO or redirection of UE during connected mode 

· Carriers with different cell load, bandwidth and capabilities should be considered.
· Both homogeneous and heterogeneous deployment scenarios should be considered
· New measurement quantities, e.g. SINR, for better estimation of user throughput should be evaluated and introduced, if needed


In this contribution, the potential issues in the cell reselection mechanism for multi-carrier load distribution are identified in support of the study phase. 
2. Discussion
2.1. Deployment scenarios

The WID [1] and the motivation document [2] point out the examples of multi-carrier deployment scenario, such as homogeneous coverage among multiple carriers (inter-frequency HomoNet), heterogeneous coverage between multiple carriers (inter-frequency HetNet), and the combination of these two scenarios. Although a unified solution applicable to all three scenarios is desirable, scenario-specific solutions should also be considered if significant benefits can be realized. Therefore, any proposed solution should be evaluated based on its applicability to specific deployment scenario(s) and whether it causes degradation (e.g., ping-ponging in reselection) in the non-intended deployment scenarios. 
Proposal 1 The solutions should be applicable to at least one deployment scenario in inter-frequency HomoNet, inter-frequency HetNet or the combination of the two scenarios, and the solutions should not have negative impact on the non-intended scenarios. 

[image: image1.emf](a) HomoNet among MC (b) HetNet among MC (c) Combination scenario

F1

F2

F3


Fig. 1
Deployment scenarios
2.2. Limitation in the existing cell reselection mechanism 
The cell (re)selection parameters are provided by SIBs or dedicated signalling (RRC Connection Reject or RRC Connection Release messages) [3] and the cell reselection procedure is performed in the UE using the parameters [4]. Focusing on normal cell reselection (i.e., without dedicated parameters), SIB3 provides common parameters, while SIB4 provides intra-frequency specific parameters and SIB5 provides inter-frequency specific parameters. With these parameters, the UE performs frequency prioritization according to the cell reselection priority, the measurements of RSRP/RSRQ, the evaluations of the S-criterion, and the ranking of cells with the R-criterion, and then it finds out the most suitable cell to reselect and camp on. 
In the prioritization and measurement phase, the UE may not perform intra-frequency measurement when the S-criterion of the serving cell is fulfilled. In addition, the UE may not perform inter-frequency measurement unless the reselection priority of the neighbour frequency is higher than that of the serving frequency or the S-criterion of the serving cell is not fulfilled. It’s obvious that the cell resection procedure is not triggered unless the measurement is performed, even if more suitable cell is actually available. It’s one of limitations in the current cell reselection procedure and causes lopsided UE distribution in some cases, e.g., “lock-on” with idle mode mobility illustrated in Fig. 2. 
In addition, there are exceptions in the prioritization phase. The UE is allowed to deviate from the normal frequency prioritization to selection rule and select a different frequency that provides MBMS services of interest. . Moreover, Rel-12 ProSe direct communication introduced a similar rule that “If the UE capable of ProSe direct communication is configured to perform ProSe direct communication and can only perform the ProSe direct communication while camping on a frequency, the UE may consider that frequency to be the highest priority” [5]. Therefore, it is likely that cells on frequencies offering MBMS and/or ProSe experience congestion more often than those that do not, if there are many UEs interested in these types of services. 
Note that it is assumed that the cell reselection for inter-RAT and CSG cell is out of the scope of this work item. 
Proposal 2 RAN2 should consider how load balancing may be achieved between a low priority frequency and a high priority frequency with the understanding that the UE is also allowed to prioritize a frequency based on its interest in MBMS and/or ProSe. 
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Fig. 2
“Lock-on” within higher priority frequency
In the evaluation and ranking phase, both the S-criterion and the R-criterion use RSRP and RSRQ which are measured by the UE. However, it was pointed out in [6] that RSRQ is not a sufficient metric for determining SINR since RSRQ has a narrow dynamic range and it becomes a non-linear function of SINR above 5dB and is saturated around 10dB. However, the throughput is kept almost linear between 0dB and 30dB. The limitation with RSRQ measurement is particularly troublesome for higher category UEs (e.g., smartphones) since this may degrade the achievable user throughput.  Therefore, in order to maximize achievable user throughput after transitioning to RRC CONNECTED, at least the ranking process using RSRQ is no longer adequate and a new measurement metric, with a better estimate of SINR is desirable. 
Observation 1 At least the ranking process for the higher category UEs should be based on a more accurate measurement metric than RSRQ. 
Unlike smartphones, the MTC devices with lower UE category don’t need very high SINR, since the throughput ends up hitting the limits capped by the Maximum number of DL-SCH transport block bits received within a TTI [7]. Especially for such lower category UEs, it should be taken into consideration to avoid unnecessary power consumption due to the increased measurements using the new metric, as stated in the WID [1]. 
Proposal 3 RAN2 should avoid additional power consumption for lower category UEs. 
2.3. Potential issues and challenges
In this section, the potential issues, other than the limitations identified in section 2.2, are discussed. 
2.3.1. Potential capacity (static) / cell load (dynamic) awareness distribution
The potential capacities of frequencies/cells are different since cells have independent configuration of parameters such as bandwidth, CP length, almost blank subframes (ABS), MBSFN subframes, ProSe resource pools, number of antennas and/or cell sizes depending on transmission power of eNB and operating frequency. These can be categorized into frequency-domain, time-domain and space-domain (illustrated in Fig. 3). The potential capacity of a cell may be determined as a function of the above parameters, and since these configurations are typically (semi-) static and are already provided in SIBs, they may be acquired by IDLE UEs through UE implementation or assistance from their serving cells. Since a cell’s capacity is directly related to the potential for user throughput UEs should take such cell capacity into account as part of cell reselection.  
Proposal 4 The cell reselection procedure should take into account the configurations of neighbour cells. 
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Fig. 3
Potential capacity and (semi-) static configurations
As intended in [1], more dynamic information such as current cell loads will facilitate more suitable cell reselection; however, the direct broadcast of load information isn’t acceptable by some operators based on previous discussions e.g., Rel-12 WLAN Interworking.  As in the case for WLAN Interworking, the cell loads are implicitly provided through the configurations of RAN assistance parameters, i.e., RSRP/RSRQ thresholds. Since a cell’s load is an integral part of idle mode UE distribution, it should be considered whether implicit or direct configuration of a cell’s load should also be considered for optimizing cell reselection 
Proposal 5 RAN2 should discuss whether it can be acceptable to provide dynamic information such as current cell load to IDLE UEs, directly or implicitly. 
2.3.2. Clustered UE distribution 
In general, it is well-known that the density of users is not uniform in an area and the user tends to cluster within specific spots, e.g., in a building, on a main street, in a stadium and so on. Therefore, the distribution of UE clusters among multiple carriers within an eNB coverage area may be one of the keys to successful load distribution. 
With connected mode UEs, load balancing may be resolved using existing mechanisms such as redirections or handovers. On the other hand, idle mode UEs basically applies the common configuration provided by SIBs. Assuming the clustered UEs experience similar radio conditions, i.e., RSRP and RSRQ, the current cell reselection mechanism cannot split the cluster, i.e., these UEs may reselect based on the same S-criterion/R-criterion. So, even if cell reselection parameters are adjusted by the eNB, it simply results in “mass reselection” and load balancing among multiple carriers cannot be achieved (as illustrated in Fig. 4). To avoid the mass reselection and achieve better load balancing, it should be possible for a group of UEs within the cluster to select cell(s) that differ from cell(s) selected by other group of UEs within the cluster. It should be further considered whether it would be beneficial for the cells to be reselected using some kind of UE-by-UE randomization scheme.  Such a randomization scheme could be based on an acceptable measurement range e.g., Cell Reselection Priority and/or R-criterion, where the measurement range is under control of the eNB. Therefore, RAN2 should consider how to achieve load balancing of the clustered UEs. 
Proposal 6 RAN2 should consider how to achieve load balancing of the clustered UEs among multiple carriers. 
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Fig. 4
Mass reselection of clustered UE 
3. Conclusion 
In this paper, the limitations in the existing cell reselection procedure are identified. The potential issues to achieve smarter load balance mechanism among multiple carriers are discussed and the challenges are proposed. RAN2 is kindly asked to take into account the observations/proposals below; 
Proposal 1
The solutions should be applicable to at least one deployment scenario in inter-frequency HomoNet, inter-frequency HetNet or the combination of the two scenarios, and the solutions should not have negative impact on the non-intended scenarios.
Proposal 2
RAN2 should consider how load balancing may be achieved between a low priority frequency and a high priority frequency with the understanding that the UE is also allowed to prioritize a frequency based on its interest in MBMS and/or ProSe.
Observation 1
At least the ranking process for the higher category UEs should be based on a more accurate measurement metric than RSRQ.
Proposal 3
RAN2 should avoid additional power consumption for lower category UEs.
Proposal 4
The cell reselection procedure should take into account the configurations of neighbour cells.
Proposal 5
RAN2 should discuss whether it can be acceptable to provide dynamic information such as current cell load to IDLE UEs, directly or implicitly.
Proposal 6
RAN2 should consider how to achieve load balancing of the clustered UEs among multiple carriers.
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