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1 Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category, (2) LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. Reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique for Rel-13 low complexity UEs. It has further been agreed by RAN1 to support two modes of coverage enhancements (CE) in RRC connected mode, CE mode A and CE mode B, according to the following:
RAN1#82bis agreement:

· Two CE modes are specified for RRC_CONNECTED UEs:

· CE Mode A describes a set of behaviours for no repetitions and small number of repetitions

· CE Mode B describes a set of behaviours for large number of repetitions

· The CE mode is signalled to the UE 

· For each physical channel, there may be some common numbers of repetitions which can be used in CE Mode A and CE Mode B

In this contribution we discuss the impact from this on procedures performed by the UE in RRC Idle mode, especially Random Access, Paging and Cell Selection.
2 Discussion
The Rel-13 coverage enhancement (CE) feature should not be exclusive to bandwidth reduced low-complexity UEs, but also available to “normal” complexity UEs (although behave as if “low-complexity” when in CE). That is, the CE feature should be independent from the UE category and, at least in principle, available to any UE category. 
A UE feature list similar to the follow one is currently being formulated for Rel-13 UEs (this is our current proposal, here truncated to CE):
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)

	1. LTE_MTCe2_L1
	1-1
	UE category M1
	1. Max 1000 bits TBS
2. Max 6 PRB bandwidth

	1-3

	
	1-2
	Low UE power class
	20 dBm max UE transmission power
	1-1

	
	1-3
	Coverage enhancement mode A
	Coverage enhancement through typically small number of repetition (mode A)
	 

	
	1-4
	Additional Coverage enhancement mode B
	Coverage enhancement through typically larger number of repetition (mode B)
	1-3


Therefore, whether a UE supports both CE modes A & B, only CE mode A, or no CE at all, will have an impact on Random Access, Paging and Cell Selection. According to the above table, UEs supporting ‘CE mode A only’ would be 1-3, and both ‘CE mode A & B’ would be 1-4. Further, it has been agreed by RAN1 to introduce the following RRC parameter (truncated entry from [2]):
Table 1: RRC parameter for CE mode.
	Parameter name in specification
	Current UE specific parameter
	Parameter name in text
	Description
	Value range
	UE specific/Cell specific
	Comment

	CE mode
	New parameter
	CEMode
	A CE Mode describes a set of behaviours associated with a range of repetitions.
	A, B
	UE specific
	For each physical channel, there may be some common numbers of repetitions which can be used in both CE Mode A and CE Mode B.


That is, the eNB assigns the UE, when in RRC Connected, to either use CE mode A or CE mode B depending on the coverage need. This decision should of course take the UE’s capability of mode A and B in to account.
2.1 Random Access
According to the RAN1 agreements summarized in Appendix 5.1, random access in CE levels 0 and 1 will be performed with parameters set according to mode A, and in CE levels 2 and 3 with parameters according to mode B, respectively. Further, according to the following agreement separate PRACH are used for different CE levels:
RAN1#80 agreement:

· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set

The Random Access procedure is therefore not problematic since UEs have no incentive to attempt Random Access at a CE level corresponding to a CE mode which is not supported by the UE. Due to the one-to-one mapping between the CE level and the PRACH resources there is further no possibility of CE-level mismatch between UE and eNB. To summarize, the eNB need not keep track of which CE modes a UE performing Random Access supports since the UE selects the CE-level for Random Access (according to RSRP measurements).
However, the UE behavior in RRC Connected would not be clear if the eNB omits explicitly assigning the UE to mode A or mode B by RRC message given in Table 1. To ensure consistent UE behavior we therefore propose the following:
Proposal 1 UEs not explicitly assigned to CE mode A or B during connection setup will continue to use the CE mode used for Random Access in RRC Connected mode, i.e. CE mode A if RA in CE-level 0 or 1 and CE mode B if RA in CE-level 2 or 3.

Potentially this reduces signaling since eNB would only need to explicitly transmit the RRC assignment if it wishes to change the CE mode from that used in the Random Access.

2.2 Paging

For paging however it is a waste of radio resources for the eNB to page a UE a CE-levels higher than the ones supported by the UE. Since the eNB has no stored UE context for UEs in RRC Idle Mode the CE modes supported by the UE cannot be known to the eNB. This UE capability information is conveniently introduced in the UE-RadioPagingInfo information element.
Proposal 2 Introduce UE capability indicators for CE mode A and B in UE-RadioPagingInfo information element.

2.3 Cell selection

Since cell selection and re-selection are procedures autonomously performed by the UE there is  no need for any NW node to have any knowledge of the UE’s CE mode support. The UE should, however, only consider cells for camping given its current CE mode support. That is, a UE supporting CE mode A only should not consider cells for camping in which it would need to perform Random Access at CE-levels 2 and 3 (corresponding to CE mode B). Therefore cell (re)selection thresholds for both ‘CE mode A only’ and ‘CE mode B’ would have to be provided to the UE in system information. So far the following has been agreed in RAN2# regarding mobility support:
· Idle mode mobility
· Ranking is applied for inter-frequency cell reselection between frequencies with cells that can only be accessed using EC.
· For inter-frequency cell reselection between frequencies with cells that can use NC then absolute priorities apply (legacy behaviour).
· RAN4 will need to consider UE power consumption when defining measurement requirements.
· No further mechanisms in RAN2 needed to improve power consumption for these UEs.
· Enhanced coverage Qrxlevmin and Qqualmin is signalled for neighbouring cells and frequencies.
We therefore propose to extend this and provide separate values for mode A and mode B according to the following:

Proposal 3 Enhanced coverage Qrxlevmin and Qqualmin are signalled separately for ‘CE mode A’ and ‘CE mode B’.

Further details can be found in Appendix 5.3.
3 Conclusion

In this contribution we have discussed CE mode A and B impact on Random Access, paging and cell selection. Based on the discussion in section 2 we propose the following:
Proposal 1
UEs not explicitly assigned to CE mode A or B during connection setup will continue to use the CE mode used for Random Access in RRC Connected mode, i.e. CE mode A if RA in CE-level 0 or 1 and CE mode B if RA in CE-level 2 or 3.
Proposal 2
Introduce UE capability indicators for CE mode A and B in UE-RadioPagingInfo information element.
Proposal 3
Enhanced coverage Qrxlevmin and Qqualmin are signalled separately for ‘CE mode A’ and ‘CE mode B’.


4 References

[1] RP-150492, "Revised WI: Further LTE Physical Layer Enhancements for MTC", Ericsson
[2] R1-157891, “LS on RRC parameters for LTE eMTC”, Anaheim, USA, 15th – 22nd November, 2015.
[3] 36.306 Running CR.
5 Appendix

5.1 Text proposal for 36.331: CellSelectionInfoCE 
                        CellSelectionInfoCE

The IE CellSelectionInfoCE contains cell selection information for enhanced coverage. The q-RxLevMinCE corresponds to parameter QrxlevminCE in 36.304 [4]. The q-QualMinRSRQ-CE corresponds to parameter QqualminCE in 36.304 [4]. If q-QualMinRSRQ-CE is not present, the UE applies the (default) value of negative infinity for Qqualmin.
CellSelectionInfoCE information element

-- ASN1START
CellSelectionInfoCE-r13 ::=      SEQUENCE {

    ceModeA                      SEQUENCE {

       q-RxLevMinCE-r13             Q-RxLevMin,

       q-QualMinRSRQ-CE-r13         Q-QualMin-r9              OPTIONAL   -- Need OR

    }













  OPTIONAL,   -- Need OR
    ceModeB                      SEQUENCE {

       q-RxLevMinCE-r13             Q-RxLevMin,

       q-QualMinRSRQ-CE-r13         Q-QualMin-r9              OPTIONAL   -- Need OR

    }













  OPTIONAL   -- Need OR
}
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