3GPP TSG-RAN WG2 #101Bis									R2-1805171
Sanya, P.R. of China, 16th – 20th April 2018	

Agenda Item:	9.14.10
Source:	Ericsson
Title:	Remaining issues for lower power class UE for LTE-MTC
Document for:	Decision
Introduction

In the work item description for “Even further enhancement MTC for LTE”, one of the objectives listed is:
· Lower UE power class [RAN4 lead, RAN2]
· Evaluate and, if appropriate, specify new UE power class(es) and signaling support without physical layer changes, to support lower maximum transmit power with appropriate MCL relaxations.
RAN4 is proposing to add class of BL UE with Pmax = 14 dBm in their LS R4-1708835 [1] to RAN2. RAN2 is asked to take the following into account in [1]: 
1. The cell selection threshold should be possible to compensate for a lower power class UE
2. It should be possible to prevent the lower power class UE from using certain PRACH CE levels
3. The RSRP thresholds for PRACH CE level selection should be possible to compensate for a lower power class UE

And the following action:
RAN4 respectfully request RAN1 and RAN2 to consider appropriate signalling and specification changes for this new UE power class and the system operations mentioned above.

Lower power class UE is also discussed in email discussion [xx], in this contribution we provide some additional consideration for cell suitability aspects and provide more details on possible CE-level based ramping restriction for lower power UEs. 
1. [bookmark: _Ref178064866]Discussion
Cell suitability for reduced power class
From network point-of-view it is beneficial to be able to control when the reduced power class UEs can access the cell. For NB-IoT reduced power class a configurable offset, Poffset, used in calculation of Pcompensation was agreed. The network can use this offset to have some flexibility in configuring and controlling which UEs can camp on the cell and how many resources they consume. 
In NB-IoT:
	If the UE supports the additionalPmax in the NS-PmaxList-NB, if present, in SIB1-NB, SIB3-NB and SIB5-NB:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
if PPowerClass is 14 dBm:
max(PEMAX1 –(PPowerClass – Poffset), 0) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB)



Based on the comments given in email discussion [2] it seems likely similar approach can be adopted to LTE-M as well. 
For NB-IoT the set of values which can be configured is {dB-6, dB-3, dB3, dB6, dB9, dB12} [RRC]. For LTE-M we would like to extend this set at least with additional value of db-9. This value could be used by network operator when it would like to configure similar S criterion calculation for 14 dBm UE as for normal UE with maximum TX power of 23 dBm.

[bookmark: _Toc510561125][bookmark: _Toc510640040][bookmark: _Toc510689413][bookmark: _Toc510735160][bookmark: _Toc510735343][bookmark: _Toc510735433][bookmark: _Toc510745403]Adopt same possible values for Poffset of NB-IoT for LTE-M with at least one additional value of dB-9.

We are also open to further discuss the granularity and set of values for Poffset for LTE-M if additional use cases are identified. 
Some concerns have been presented [2][3] on resource waste in case of a legacy (i.e. Rel-13 or Rel-14) cell proving downlink resources based on UE reported, corrected RSRP level. Such concerns are partly alleviated by specifying that UE assumes default Poffset = 0 dB when camping in legacy cells, as legacy Pcompensation calculation already includes PPowerClass effectively resulting in UEs in very bad coverage to not camp in the cell. 

[bookmark: _Toc510561126][bookmark: _Toc510640041][bookmark: _Toc510689414][bookmark: _Toc510735161][bookmark: _Toc510735344][bookmark: _Toc510735434][bookmark: _Toc510745404]If cell does not broadcast value for Poffset, UE assumes default value of 0 dB.

Some companies suggest [2] that 14 dBm UEs would be only able to camp in the cell when the offset is broadcasted in system information, and otherwise be allowed to camp only in normal coverage. We think such restriction would be too strict and create coverage holes for example for UEs requiring only few repetitions. 
If there is a real need to restrict UEs from using any CE levels, that is, to apply only S-criterion for normal coverage, it is already possible using CE-level authorization [4]. Thus, network already has the tools to restrict 14 dBm UEs from using any additional resources, if so desired.

[bookmark: _Toc510561123][bookmark: _Toc510640038][bookmark: _Toc510689411][bookmark: _Toc510735156][bookmark: _Toc510735158][bookmark: _Toc510735341][bookmark: _Toc510735437][bookmark: _Toc510745401]CE level authorization can be used to restrict UE from using enhanced coverage since Rel-14. 
[bookmark: _Toc510561127][bookmark: _Toc510640042][bookmark: _Toc510689415][bookmark: _Toc510735162][bookmark: _Toc510735345][bookmark: _Toc510735435][bookmark: _Toc510745405]No other mechanism to restrict UE camping in legacy cell is specified. 

CE level restriction
Additionally, as the LTE-M solution is likely to target devices such as wearables, which would not require the use of the highest coverage levels, it may be desirable to consider some restrictions on the PRACH repetition levels the 14 dBm UE is allowed to use. This is also explicitly requested by RAN4 in their LS: 
“It should be possible to prevent the lower power class UE from using certain PRACH CE levels”.
For example, it might not be desired that 14 dBm UEs try to access the cells using possibly hundreds of repetitions (for different channels). Instead, the highest CE levels could be seen to be used by static devices in challenging radio environments, such as basements of buildings, resulting in high path loss or MCL. 
Poffset, as discussed above, can be used to restrict UEs in bad coverage from camping in the cell. However, the UE could still ramp up to higher CE levels during the random access procedure resulting in undesirable behaviour. This is possible especially for mobile UEs, such as wearables, which could measure the cell selection criterion S in a good coverage but end up ramping up to highest CE level thus consuming excessive amount of resources in the end.

[bookmark: _Toc506204086][bookmark: _Toc506519704][bookmark: _Toc510561124][bookmark: _Toc510640039][bookmark: _Toc510689412][bookmark: _Toc510735157][bookmark: _Toc510735159][bookmark: _Toc510735342][bookmark: _Toc510735438][bookmark: _Toc510745402]Introduction of Poffset alone does not restrict the UE from ramping up CE levels or accessing certain CE levels during random access, thus it doesn’t fulfill RAN4 request of preventing UEs from accessing certain PRACH CE levels. 

Moreover, as RSRP/RSRQ measurements may be inaccurate, it may happen UE ends up in a CE level which was not intended to be used by a 14 dBm UE even if a relatively high Poffset is configured. The measurement inaccuracy can be up to almost +/-10 dB according to [4]. 
An efficient solution to restrict UE ramping is to introduce in system information which CE levels would not be allowed, or which is the highest CE level a 14 dBm UE is allowed to use. A CE-level based restriction would also work in the case the RSRP measurement result is not accurate.  CE level restriction could be easily included in the existing SIBs, e.g., together with the ACB or EAB parameters in SIB2 or SIB14, respectively. Example of configuration in SIB14 is provided in text proposal in Section 3.2. The text proposal now includes a bit field denoting which CE levels are allowed, but similar effect could be achieved with just indicating the highest number of allowed CE level (i.e. and integer from 0 to 3).  Preferred UE actions on trying to ramp beyond the maximum allowed CE level can be discussed further, e.g. if the UE should stay on the same CE level or do something else. 

[bookmark: _Toc506204091][bookmark: _Toc506519708][bookmark: _Toc510561128][bookmark: _Toc510640043][bookmark: _Toc510689416][bookmark: _Toc510735163][bookmark: _Toc510735346][bookmark: _Toc510735436][bookmark: _Toc510745406]Introduce possibility to restrict 14 dBm power class UE from ramping to or above a configured CE level. 
[bookmark: _Toc510745407]Discuss what the UE shall do in case it is not allowed to ramp to next CE level. 

CE level authorization was mentioned in Section 2.1 but restricting the UE from using coverage enhancement would bar the UE from using any CE level, thus it is not an acceptable solution for restricting only some set of the CE levels. 
It would be up to the network operator to configure any such restriction, thus there should be no concerns regarding ability of 14 dBm UEs to use highest coverage levels in general. 
It should be noted similar mechanism was not introduced for NB-IoT in Rel-14, but in case there is a use case we can consider similar feature to be adopted to NB-IoT as well.
Text proposals for CE level restriction
Here we provide examples on how CE level based ramping restriction could be specified. If Proposal 4 is agreed, the details of the solutions can be discussed further. 

TS 36.331
SystemInformationBlockType14 information element
-- ASN1START

SystemInformationBlockType14-r11 ::=	SEQUENCE {
	eab-Param-r11							CHOICE {
		eab-Common-r11							EAB-Config-r11,
		eab-PerPLMN-List-r11					SEQUENCE (SIZE (1..maxPLMN-r11)) OF EAB-ConfigPLMN-r11
	}														OPTIONAL, -- Need OR
	lateNonCriticalExtension				SystemInformationBlockType1-v15xy-IEs			OPTIONAL,
	...
}

EAB-ConfigPLMN-r11 ::=				SEQUENCE {
	eab-Config-r11						EAB-Config-r11				OPTIONAL -- Need OR

}

EAB-Config-r11 ::=					SEQUENCE {
	eab-Category-r11					ENUMERATED {a, b, c},
	eab-BarringBitmap-r11				BIT STRING (SIZE (10)),
}

SystemInformationBlockType1-v15xy-IEs ::=	SEQUENCE {
	powerClass6-BarredCELevels		BIT STRING (SIZE(maxCE-Level-r13)),
	lateNonCriticalExtension					OCTET STRING	OPTIONAL
}

-- ASN1STOP

	SystemInformationBlockType14 field descriptions

	eab-BarringBitmap
Extended access class barring for AC 0-9. The first/ leftmost bit is for AC 0, the second bit is for AC 1, and so on.

	eab-Category
Indicates the category of UEs for which EAB applies. Value a corresponds to all UEs, value b corresponds to the UEs that are neither in their HPLMN nor in a PLMN that is equivalent to it, and value c corresponds to the UEs that are neither in the PLMN listed as most preferred PLMN of the country where the UEs are roaming in the operator-defined PLMN selector list on the USIM, nor in their HPLMN nor in a PLMN that is equivalent to their HPLMN, see TS 22.011 [10].

	eab-Common
The EAB parameters applicable for all PLMN(s).

	eab-PerPLMN-List
The EAB parameters per PLMN, listed in the same order as the PLMN(s) listed across the plmn-IdentityLists in SystemInformationBlockType1.

	powerClass6-BarredCELevels
Indicates as a bit map the CE levels which a UE supporting only ue-PowerClass-6 is not allowed to use or ramp up to. The first corresponds to CE level 0, the second bit to CE level 1 and so on. 



Conclusion
In section 2 we made the following observations:
Observation 1	CE level authorization can be used to restrict UE from using enhanced coverage since Rel-14.
Observation 2	Introduction of Poffset alone does not restrict the UE from ramping up CE levels or accessing certain CE levels during random access, thus it doesn’t fulfill RAN4 request of preventing UEs from accessing certain PRACH CE levels.

Based on the discussion in section 2 we propose the following:
Proposal 1	Adopt same possible values for Poffset of NB-IoT for LTE-M with at least one additional value of dB-9.
[bookmark: _GoBack]Proposal 2	If cell does not broadcast value for Poffset, UE assumes default value of 0 dB.
Proposal 3	No other mechanism to restrict UE camping in legacy cell is specified.
Proposal 4	Introduce possibility to restrict 14 dBm power class UE from ramping to or above a configured CE level.
Proposal 5	Discuss what the UE shall do in case it is not allowed to ramp to next CE level.
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