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1. Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1]. Recently, an LS [2] is sent by RAN1 to ask RAN2 to investigate the mobility impacts due to coverage enhancement. In RAN2, the following is agreed in the previous meeting:
	Agreements

0
As starting point RAN2 assumes to support all existing functionality. We will only remove or exclude functionality if it provides clear benefits to do so.

CONNECTED Mode Mobility

1a
Enhanced coverage capable UEs as well as low complexity capable UEs support the existing connected mode mobility procedures. It is up to the NW whether or not to use it (like today).


In this contribution, the idle mode for MTC UE requiring enhanced coverage is discussed.
2. Discussion
2.1 Idle mode mobility
When the UE first switched on, it performs cell selection to find a suitable cell to camp on. Likewise for cell reselection, the UE will continue to search for a more suitable cell to camp on. The cell selection/reselection criteria are specified as follow in TS36.304 [3]:

Srxlev > 0  AND  Squal > 0

where: 

Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation

Squal = Qqualmeas – (Qqualmin + Qqualminoffset)
The parameters Qrxlevmin, Qrxlevminoffset, Qqualmin, Qqualminoffset and Pcompensation are broadcast by network and UEs calculate Srxlev and Squal to decide whether a cell is suitable or not. Since the signal strength/quality received by UE in enhanced coverage region will be a lot lower, no suitable cell can be found that may satisfy the suitability criteria specified above. If the UE capable of enhanced coverage mode determines that no suitable cell can be found using the existing suitability crtieria for a period of time, it assumes that it is in coverage enhanced mode and will perform enhanced coverage mode procedures (e.g.further accumulation to detect and measure cell, SIB acquisition, RACH, etc.) during cell selection and reselection.  
Proposal#1: No suitable cell is found using existing suitability criteria for cell selection/reselection can be used as one of triggers on whether a UE capable of coverage enhanced should switch to coverage enhanced mode.

In enhanced coverage mode, the measurements of RSRP/RSRQ will not be as accurate as in normal coverage mode because of the lower signal strength/quality. It is observed in [4] that while a highly accurate RSRP measurement is obtained at -6 dB SINR (normal coverage operation as for legacy UEs), for a -18 dB SINR corresponding to a 12 dB coverage enhancement, the RSRP accuracy is significantly degraded with a median error approaching 9 dB. Although extending the measurement period over multiple subframes can improve the RSRP accuracy, substantial errors still remain for large coverage enhancements. As a result, there will be borderline cases (e.g. the actual RSRP of a cell for a UE is –123dbm but due to 9dB error, it measures -114dbm while the Qrxlevmin is -115dbm) where a cell may satisfy the suitability criteria. For these cases, the UE may have a problem acquiring the MIB or SIB 1 without performing accumulation on energy of MIB or SIB 1 (also require accumulation of PDCCH SI-RNTI for SIB 1 over the existing soft combining of 80ms). Non-coverage enhanced UE (normal UE) will have considered the cell as barred as MIB or SIB 1 is missing. But for UE capable of enhanced coverage, it should consider itself in coverage enhanced mode and perform MIB/SIB1/SI acquisition for enhanced coverage mode.
Due to the measurement inaccuracy, a UE capable of enhanced coverage may switch to enhanced coverage mode incorrectly after erroneously detecting that a cell it is camp on does not satisfy the suitability criteria. In this case, it will attempt to acquire the MIB/SIB1/SI using the coverage enhanced procedure as proposed in [5]. If UE detects that the MIB/SIB1/SI can be acquired using normal repetitions (e.g. SI can be acquired within a SI window, MIB can be decoded within 40ms and SIB 1 can be decoded within 80ms), it can go back to non-coverage enhanced mode for subsequent procedure (e.g. RACH attempt).

Proposal#2: Failure/success to acquire MIB/SIB1 using normal acquisition procedure can be used as another trigger on whether a UE capable of coverage enhanced should be in coverage enhanced mode for SIB acquisition
If a UE determines that it requires operating in coverage enhanced mode, it will follow the procedure as in [6] whether the cell it is in is operating in coverage enhanced mode.

If cell reselection is performed by coverage enhanced UE, the UE has to read the MIB, SIB 1 and SI of the reselected cell before it can access the cell. If the reselected cell is also in the coverage enhanced region and such cell reselection occurs frequently, the service outage may be high. Again, such external factors influencing mobility are most likely quite rare and thus we do not see any modification is needed from this respect. As for the case of fluctuation of radio condition due to cell edge UE between 2 cells in a coverage enhanced region, there may be a need to increase the hysteresis time for cell reselection to prevent ping-pong and thus reduce the service outage time. At the moment in TS36.304, the hysteresis time is hardcoded to 1s (i.e.’ More than 1 second has elapsed since the UE camped on the current serving cell.’) and there is a Treselection timer. Further study is required to see whether hysteresis time of 1s is sufficient or an increase in value (configurable or not) or a separate Treselection timer is required for enhanced coverage UE.

Proposal#3: Further study is required to see whether the current hysteresis time of 1s for cell reselection is appropriate for CE MTC UE or a separate Treselection timer is required.

In current specification, when evaluating Srxlev and Squal of non-serving cells for reselection purposes the following measurement rules are used to limit the need of performing measurements of neighbouring cells for UE power saving purpose:

· If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements; otherwise, the UE shall perform intra-frequency measurements.

· If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority; otherwise, the UE shall perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority.

SIntraSearchP/SIntraSearchQ and SnonIntraSearchP/SnonIntraSearchQ are broadcast by network in system information. As enhanced coverage UE is assumed to have UE power constraint, the measurement rules seem useful for this purpose.
Since a UE with coverage enhanced mode is in a cell not satisfying the suitability criteria, the measurement rules may not work for the UE unless new suitability criteria are defined for a UE with coverage enhanced mode. If new suitability criteria are defined for coverage enhanced, a separate Qrxlevmin-ce/Qqualmin-ce may need to be introduced to calculate new Srxlev-ce and Squal-ce to be used by the measurement rules.  However, due to poor measurement accuracy in such coverage enhanced cell, such rules may not be usable. The main power saving for MTC UE in general should come from other SI or WI such as UEPCOP (e.g. new power state etc.). 
Proposal#4: Discuss whether different measurement rules to limit performing measurements of neighbouring cells for UE power saving purpose are required for enhanced coverage UE and normal UE in Idle mode.
3. Conclusion

It is requested that RAN 2 takes into consideration the following proposals:
Proposal#1: No suitable cell is found using existing suitability criteria for cell selection/reselection can be used as one of triggers on whether a UE capable of coverage enhanced should switch to coverage enhanced mode.

Proposal#2: Failure/success to acquire MIB/SIB1 using normal acquisition procedure can be used as another trigger on whether a UE capable of coverage enhanced should be in coverage enhanced mode for SIB acquisition
Proposal#3: Further study is required to see whether the current hysteresis time of 1s for cell reselection is appropriate for CE MTC UE or a separate Treselection timer is required.
Proposal#4: Discuss whether different measurement rules to limit performing measurements of neighbouring cells for UE power saving purpose are required for enhanced coverage UE and normal UE in Idle mode.
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