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[bookmark: _Ref429645891]Introduction
In RAN plenary, the access/load control of the IDLE mode UEs in different CE levels are approved as WI both for feNB-IoT [1] and efeMTC [2]. The UEs in higher CE level requires more resources than in a lower CE level, however, currently their chance of getting the resources is same. In this contribution, we discuss the possibility of controlling the UEs load based on their operation in the coverage enhancement.
[bookmark: Proposal_Pattern_Length]Discussion
Cell access/load control
If a BL UE or UE in CE operates in CE mode B, then it will consume more resources than those UEs which are operating in CE mode A. When a network is overwhelmed by the UEs operating in CE mode B it will be fair for the UEs operating in CE mode A if further access from the UEs operating in CE mode B are restricted. Therefore, network may start controlling UEs from making new RRC connections such that the resources are not overwhelmingly consumed by UEs operating in only a particular CE mode. Such barring would save UE’s power by not making unnecessary effort for establishing the RRC connection which would be rejected by the network due to resource constraint.
[bookmark: _Toc489783011][bookmark: _Toc490043658][bookmark: _Toc490047710][bookmark: _Toc490049341][bookmark: _Toc490166657][bookmark: _Toc490171647][bookmark: _Toc490205573][bookmark: _Toc490210483][bookmark: _Toc490246421][bookmark: _Toc490250385][bookmark: _Toc490250430][bookmark: _Toc490252596]If a network is overwhelmed by the UEs operating in CE mode B, cell access from those UEs can be restricted.
When a BL UE or UE in CE is in IDLE mode, it cannot determine whether it will operate in CE mode A or CE mode B. However, a BL UE or UE in CE or NB-IoT UE is configured to determine its CE level before transmitting the preambles during the random access process. A UE measures the serving cell RSRP and determines the CE level based on the threshold rsrp-ThresholdsPrachInfoList. For each CE level, different PRACH configuration is provided to UE using prach-ParametersListCE. For BL UEs or UEs in CE, it may be assumed that CE mode A operation is for CE level 0 and 1 and in CE mode B operation is for CE level 2 and 3. It is likely that the UE in CE mode B that determines the CE level to be 3 consumes more resources that the UE in CE mode B that determines the CE level to be 2.  Therefore, a cell can be barred or access to the cell can be restricted based on CE levels which will be applicable to both BL UEs or UEs in EC and NB-IoT UEs. 
[bookmark: _Toc489783012][bookmark: _Toc490043659][bookmark: _Toc490047711][bookmark: _Toc490049342][bookmark: _Toc490166658][bookmark: _Toc490171648][bookmark: _Toc490205574][bookmark: _Toc490210484][bookmark: _Toc490246422][bookmark: _Toc490250386][bookmark: _Toc490250431][bookmark: _Toc490252597]A cell can be barred or access to the cell can be restricted based on CE levels.
The eNB may trigger the access control or barring to the cell based when physical channel resource (e.g., PDSCH and PUSCH) gets congested for a given particular CE level. 
[bookmark: _Toc490043662][bookmark: _Toc490047715][bookmark: _Toc490049336][bookmark: _Toc490166660][bookmark: _Toc490171651][bookmark: _Toc490171772][bookmark: _Toc490205577][bookmark: _Toc490210487][bookmark: _Toc490246425][bookmark: _Toc490250389][bookmark: _Toc490250425][bookmark: _Toc490252591]Access restriction to a cell is enabled to be applicable to a particular CE level at which a UE determines to start random access.
Similar to Access Class or ACDC category related cell access restrictions, a UE that is barred in the cell for operating in a given CE level is allowed to camp on the cell normally. The UE may try to access the cell after the barring duration. The UE does not need to trigger the cell reselection when it is indicated of change in the access barring per CE level.
[bookmark: _Toc490047716][bookmark: _Toc490049337][bookmark: _Toc490166661][bookmark: _Toc490171652][bookmark: _Toc490171773][bookmark: _Toc490205578][bookmark: _Toc490210488][bookmark: _Toc490246426][bookmark: _Toc490250390][bookmark: _Toc490250426][bookmark: _Toc490252592]A change in cell access barring indication per CE level does not trigger cell reselection and allows UEs to camp on the cell normally regardless of the CE level of the UEs.

Access based on CE level
A cell can broadcast the information that access to the cell at a CE level x is barred. If a UE determines that its CE level is 2 from RSRP measurement threshold and it learns from the system information that CE level 2 is barred, it should delay to access the cell for a certain period of time. There can be following options. 
Option#1: A cell can be barred for UEs operating only on a particular CE level.
Option#2: A cell can be barred for UEs operating on a particular CE level or higher CE level.
In case the network may not be overwhelmed by UEs operating in CE level 3 but only CE level 2, UEs determining to be CE level 3 can access the cell. Therefore, a cell can be barred selectively per CE level as in option#1. Note that a UE should only access the cell or start random access at the CE level which is based on the measured RSRP level and not barred in the cell.
[bookmark: _Toc490171649][bookmark: _Toc490205575][bookmark: _Toc490210485][bookmark: _Toc490246423][bookmark: _Toc490250387][bookmark: _Toc490250432][bookmark: _Toc490252598]A UE is allowed to access the cell or start random access at the CE level which is based on the measured RSRP level and not barred in the cell
Suppose CE level 1 and 3 are not barred but CE level 2 is barred in the cell and a UE is in CE level 1. If a UE’s attempt to the random access at CE level 1 fails, it can be allowed to re-attempt the random access in CE level 3 skipping the CE level 2 which is barred in the cell. However, to reduce the impact in random access procedure, a UE can follow the legacy behaviour. If a UE tries to re-attempt random access in the next CE level that is barred, the random access may fail as eNB may not provide the RAR if it is congested at this CE level. 
[bookmark: _Toc490171653][bookmark: _Toc490171774][bookmark: _Toc490205579][bookmark: _Toc490210489][bookmark: _Toc490246427][bookmark: _Toc490250391][bookmark: _Toc490250427][bookmark: _Toc490252593][bookmark: _Toc490043663][bookmark: _Toc490047717][bookmark: _Toc490049338][bookmark: _Toc490166662][bookmark: _Toc490171654]If a cell is not barred for a CE level, the UE follows the normal random access procedure to access the cell.
Access barring signalling
When an eNB determines the cell needs to be barred for one or more CE levels, it could send the direct paging message to let the IDLE UEs know that the currently camped cell is barred for the CE level. In this case, a UE may try to find another suitable cell or wait until it has any UL data or signal or receives a paging for DL message. This approach may not be suitable as paging all UEs could be time consuming.
Since common information of the cell barred or not is indicated in SIB1-BR, the access barring or restriction per CE level can also be indicated in the SIB1-BR. Though it can be broadcast in the BR version of SIB2 or SIB14, a benefit of using SIB1-BR is that if the cell is barred, the UE may not need to read further system information.
[bookmark: _Toc490043664][bookmark: _Toc490047718][bookmark: _Toc490049339][bookmark: _Toc490166663][bookmark: _Toc490171655][bookmark: _Toc490171775][bookmark: _Toc490205580][bookmark: _Toc490210490][bookmark: _Toc490246428][bookmark: _Toc490250392][bookmark: _Toc490250428][bookmark: _Toc490252594]Information on the access restriction per CE level to a cell is signalled via SIB1-BR.
In the signalling, indication of each CE level barred or not and mean barring duration for each CE level can be broadcast. Additionally, a barring factor similar to “ac-BarringFactor” can also be broadcast such that only a percentage of UEs in the given CE levels are barred from attempting the access to the cell. Note that the values of mean barring time and barring factor can be same or different at different CE level.

[bookmark: _Toc490047712][bookmark: _Toc490049343][bookmark: _Toc490166659][bookmark: _Toc490171650][bookmark: _Toc490205576][bookmark: _Toc490210486][bookmark: _Toc490246424][bookmark: _Toc490250388][bookmark: _Toc490250433][bookmark: _Toc490252599]The information on the access restriction per cell may include just indication of barred or nor barred or other parameters such as mean barring time and access barring factor.
[bookmark: _Toc490047719][bookmark: _Toc490049340][bookmark: _Toc490166664][bookmark: _Toc490171656][bookmark: _Toc490171776][bookmark: _Toc490205581][bookmark: _Toc490210491][bookmark: _Toc490246429][bookmark: _Toc490250393][bookmark: _Toc490250429][bookmark: _Toc490252595]The contents of the access restriction information per CE level is FFS.
[bookmark: _Toc478131478][bookmark: _Toc478158690][bookmark: _Toc478131479][bookmark: _Toc478158691]Summary 
Based on the above discussion, we have following observations:
Observation 1 If a network is overwhelmed by the UEs operating in CE mode B, cell access from those UEs can be restricted.
Observation 2 A cell can be barred or access to the cell can be restricted based on CE levels.
Observation 3 A UE is allowed to access the cell or start random access at the CE level which is based on the measured RSRP level and not barred in the cell
Observation 4 The information on the access restriction per cell may include just indication of barred or nor barred or other parameters such as mean barring time and access barring factor.
[bookmark: _GoBack]Based on the observations and discussion, we propose:
Proposal 1.	Access restriction to a cell is enabled to be applicable to a particular CE level at which a UE determines to start random access.
Proposal 2.	A change in cell access barring indication per CE level does not trigger cell reselection and allows UEs to camp on the cell normally regardless of the CE level of the UEs.
Proposal 3.	If a cell is not barred for a CE level, the UE follows the normal random access procedure to access the cell.
Proposal 4.	Information on the access restriction per CE level to a cell is signalled via SIB1-BR.
Proposal 5.	The contents of the access restriction information per CE level is FFS.
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