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1 Introduction
In the LS [1] received from RAN1, RAN2 is requested to look at the mobility impacts for MTC, both for the low complexity UE, and for the UE requiring enhanced coverage.
This document looks at the potential impacts.
2 Analysis of mobility behaviour for MTC UEs

“Low complexity” UEs are unlikely to support many frequency bands (it is likely that low frequency bands would be preferred), and such UEs may only support LTE, so inter-frequency and inter-RAT cell changes may be less than those experienced by normal UEs in that respect. 

2.1 IDLE state 
In general for MTC UEs there seem to be a few possible behaviours while the UE is not performing data transfer, these are:

1) UE switches off, and does not expect to receive paging for mobile-terminated traffic, in order to minimise battery consumption.

2) UE stays switched on and relies on long DRX cycle to reduce battery consumption.

If the UE performs behaviour 1, then it would need to receive SIB1, SIB2, and SIB14 every time it wakes-up to perform data transfer, and support of IDLE mode mobility other than cell selection is likely to be of little value (except to know which neighbour cells it should search for if RLF occurs). 

If the UE performs behaviour 2, then IDLE mode mobility could be useful to allow the UE to perform optimised cell searches to reduce battery consumption.

It seems unlikely that 3GPP will be able cannot guarantee exclusively one of either behaviour 1 or behaviour 2 

Proposal 1: The specifications will need to ensure that the system can cope with behaviour 1 and behaviour 2 for MTC UEs, and therefore support of existing IDLE mode mobility would be useful.
2.2 ACTIVE state
2.2.1 UEs in normal coverage

For MTC UEs in normal coverage conditions, the support of full existing mobility in ACTIVE and IDLE state may enable more potential use cases – such as tracker devices – to be handled smoothly (i.e. preventing large interruptions during data transfer). 
However, the non-support of handover in ACTIVE state may not be required for delay-tolerant MTC applications, and battery consumption is important for many MTC applications, so if this caused issue for handover support for all devices, then at least “RLF+RRC connection re-establishment in new cell” needs to be able to work efficiently. 
Proposal 2: RLF+RRC connection re-establishment behaviour is definitely required for normal coverage, and handover support may depend on battery consumption considerations and the exact MTC use case. Therefore any impacts that would cause problems for supporting these mechanisms should be identified quickly.
2.2.2 UEs in “enhanced coverage”
The main driver from Vodafone for specifying a large coverage enhancement for MTC was to cope with scenarios where the UE is deep indoors and stationary, but even in this scenario there may be shadowing effects that make the UE change cell. 
Therefore some form of mobility support would be desirable (but likely to be between a small set of cells). However, it is not likely that the UE would be moving across the network and frequently changing to newly detected cells that it has not previously been aware of, and the further the coverage enhancement required, the less likely it is that the UE will detect cells of other frequencies or RATs.
So it is likely that, when the UE is in an extreme enhanced coverage scenario, handover in ACTIVE state is even less required than in normal coverage, and “RLF+RRC connection re-establishment in new cell” needs to work effectively.
Proposal 3: Reliable “RLF+RRC connection re-establishment” behaviour is definitely required for MTC UEs in enhanced coverage (for low complexity UE and other MTC UEs), so it needs to be verified if this works. 
3 Impacts of Rel-12 work item on existing air interface design

3.1 Low complexity UE

To support the low complexity UE, the PDSCH will be constrained to 6 Resource Blocks, and the maximum Transport Block size will be 1000 bits. There is some concern raised in RAN1 that the 6 Resource Blocks limitation may impact the level of coding that can be applied to the System Information blocks, and that the Transport Block size may also create some restrictions for the scheduling of system information. An analysis of the bits required by each System Information block may help RAN2 understand whether there may be any impact causing issues with System Information provisioning.
The support of single Rx antenna by the UE may have impact on measurement thresholds in the cell.

3.2 UE requiring enhanced coverage
“Repetition of sub-frame content” is the main solution for enabling coverage enhancement on existing channels. This is likely to incur delays to cell search, RSRP and RSRQ measurement evaluation times, system information reception, as well as all dedicated signalling negotiations between UE and network. The level of the delays seems to relate to how far the UE is from the eNode B.
4 Observations based on the above impacts

4.1 For “low complexity UE” support

Additional parameters to set different cell measurement thresholds 
It has been stated in RAN1 discussions that LTE coverage is uplink limited, even considering the 4dB downlink degradation to physical channels. Therefore, in order to allow the UE to have a 4dB worse pathloss yet still find the cell suitable, it seems that some new cell suitability threshold parameters specifically for this type of UE may need to be sent in system information, and also the network may find it useful to be aware that this UE only supports single Rx so that it can set measurement events accordingly if handover is used. All of this assumes that the network has a reliable understanding of the actual antenna performance – which may not always be true.

Proposal 4: Consider new parameters to allow different measurement thresholds for mobility to be set for IDLE and ACTIVE state.   
4.2 For “enhanced coverage” support

Cell selection/re-selection:
· Additional parameters for cell selection are likely needed for UEs in enhanced coverage.

· Consider further whether – to avoid false cell re-selections and interference issues – additional parameters for cell re-selection could be needed for UEs in enhanced coverage scenario given that measurement requirements may be different to UEs in normal coverage (due to longer time to decode the CRS). RAN4 may need to look further into this once RAN1 has done further work on the layer 1 design. 

Proposal 5: Consider new cell selection and re-selection parameters for IDLE mode in enhanced coverage scenario.
SIB reception restrictions/delays 
Therefore, it seems to be beneficial for the operator to be able to restrict the SIBs that need to be sent to UEs requiring enhanced coverage, such that resource overheads can be reduced. 

Vodafone believes that:

· Information in SIB1, 2, and 14 is definitely required. 

· SIBs 9-12 are probably not required. 

· Remaining SIBs could be accepted to have a longer reception delay by the UE – which may be acceptable considering that the UE is unlikely to be moving around a lot.

Proposal 6:
· 3GPP should be careful about removing too much SIB support in the specifications, apart from possible SIB 9-12. 
· Information from SIB1, 2, and 14 are definitely required. 
· It could be left for operators to choose whether or not other SIB transmissions need to be optimised for reception by UEs requiring extended coverage support. 
ACTIVE state mobility impacts
For “extreme” enhanced coverage scenarios, if signalling delays are very long (due to lots of repetitions at layer 1), handover performance may be badly degraded and RLF may occurring before handover can be triggered in many cases. 
However, there may be a “sweet spot” where the UE is requiring “intermediate” coverage enhancement (i.e. not the maximum number of layer 1 repetitions at layer 1), and handover still works (because the signalling delay is not as long as in the extreme case), but perhaps with relaxed performance requirements.

Vodafone however believes that such a handover with relaxed performance requirements might be quite complex to support, particularly as the UE coverage situation may change without the UE leaving ACTIVE state, and this may mean that the measurement event thresholds need to be reconfigured depending on the UE coverage situation. 

Therefore, given that handover is not even strictly required for such delay tolerant MTC applications, the pain vs. gain might be quite high. On top of this, it might be challenging for RAN4 to specify this within Release 12 timeframe.

Proposal 7: Modifications or relaxations to requirements to support “Relaxed/delayed handover” for the “enhanced coverage” scenario are not required for Release 12.

Other approaches such as context forwarding (using UMTS CELL/URA UPDATE-like procedure for LTE), but this can probably also be avoided in Rel-12, as there would be impacts to allow mobile-terminated paging, and may lead to large network changes.
Proposal 8: New mobility concepts should be avoided for Rel-12 unless significant issues are foreseen with existing ones.

4.3 General view on other enhancements

If needed, small optimisations to existing mobility functionality would be acceptable if they are relatively simple to specify. 

5 Proposal

There needs to be more impact analysis on mobility for both “low complexity” UEs in normal coverage, and for “low complexity” UE and other MTC UEs requiring enhanced coverage. But hopefully that the proposals above could help to provide more guidance and simplify the discussions on what is needed in the end.
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