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1
Introduction
In this contribution we discuss what capability/configuration information is needed from the UE and from the NW in order to avoid interoperability problems.
2
Discussion
2.1 UE capability indication
As pointed out in several contributions to the last RAN2 meeting, e.g. in [3], [4], [5] there may be an issue during RRC Connection Establishment because Msg2 of the PRACH procedure may already be scheduled outside of the 6PRB restricted subset of resources.
This means that we either need to enable the UE to indicate it’s capability already with the PRACH preamble, as suggested in [5] or the NW would need to assume all UEs in the system are category 0 until RRC Connection is established as suggested in [4].

If all UEs need to be assumed to be category 0 until RRC Connection is established then this would impose some serious scheduling restrictions on the NW, and potentially limit the capacity to support legacy devices (since NW would have to always send Msg2 within 6 PRB bandwidth) which would be unacceptable impact to the legacy system. Hence we should seriously look at enabling capability indication in PRACH preamble. 

The typical approach would be to introduce a preamble partition, if we are to avoid requiring a new PRACH resource. This has done successfully several times in other systems e.g. in UTRAN when introducing new features (E.g. E-DCH). This also currently exists in E-UTRAN for Rel-8 dedicated and non-dedicated preambles and would be relatively straightforward to extend to provide a partition for low-cost UE preambles. 

Currently the PRACH preambles are partitioned into dedicated and non-dedicated preamble space, the NW broadcasts numberOfRA-Preambles as part of RACH-ConfigCommon in SystemInformationBlockType2. This parameter defines which preambles are to be used for contention based access. The remaining (dedicated) preambles are for non-contention based access. 
By introducing a parameter, similar to numberOfRA-Preambles, in Rel-12 we can specify which preambles a low-cost device shall use (e.g. numberOfRA-Preambles-MTC). The different options are limited, however introduction of a new parameter for MTC devices provides a way for the network to decide whether to respond within the restricted bandwidth or across the entire system bandwidth. There are 2 possible approaches to perform the partition as illustrated in the following figures.
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Figure 1: Preamble sharing between legacy and MTC devices.
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Figure 2: MTC specific preambles.

As can be seen from the above figures, it’s quite straightforward to partition preambles such that the NW knows the UE capability (if using figure 2 approach) or at least partially (if using figure 1 approach) to determine how to schedule Msg2. 

Proposal 1: Introduce a new parameter numberOfRA-Preambles-MTC to specify which preambles the MTC device shall use.
Given the eNB would know already in the initial UL message enough information about the UE capability, then it’s questionable whether further capability signalling is necessary. Of course, if the approach in figure 1 is used, then the NW would still need to know a precise capability e.g. upon RRC Connection Setup Complete to determine whether the UE is in fact a low-cost UE, or is simply a UE that has chosen one of the MTC preambles. In this case we may need to provide the UE category in a similar way to existing UEs. If the approach in option 2 is used, then the NW knows that this is an MTC category 0 device and no further capability signalling is necessary – however we understand that there may be benefits for the network if this is signalled. 

Proposal 2: Decide whether any further capability signalling is necessary, considering the capability can be known from PRACH preamble.

2.2 NW configuration indication
It’s clear that a low-cost device which supports only the reduced bandwidth operation is not compatible with a legacy eNB. Hence it is also quite clear that the network needs to provide some indication in system information of it’s support for these UEs – or perhaps more accurately, whether the feature is configured/enabled on the eNB (of course it may be supported by the eNB but not enabled). It may be sufficient to rely on whether the NW has broadcast the reduced bandwidth configuration, but whether a configuration is needed is still open for discussion. If there is no particular configuration needed in broadcast, then the minimum change needed in SIB is that the NW needs to broadcast at least a 1 bit indication whether the UE is allowed to camp/access the cell. 

Proposal 3: NW needs to broadcast an indication in SIBs of whether the UE is allowed to camp/access this cell. This would be at least one bit indication or may be implied by the presence of a configuration (for example preamble partition configuration). A low cost UE shall not camp on the cell if not enabled.
In order to avoid excessive power consumption, the UE should be aware of which of the neighbouring cells and/or frequencies support low cost operation, in particular the 1.4 MHz bandwidth operation to avoid reselecting a frequency or cell which is unusable. If new SIBs are created for indicating only those neighbours according to proposal 2, then this issue will be dealt with at the same time. However in case no new SIBs are added, or the NW chooses not to use any new SIBs defined for that purpose, it is still important that the UE knows which cells it can operate on should it reselect there. This is also another reason why it is important that the UE is able to receive neighbour information currently in SIB4 and 5 (also common cell reselection info in SIB 3).
Proposal 4: Network needs to indicate which neighbours have enabled low cost UE operation. 

3
Conclusion

In this paper we have identified some of the potential issues impacting mobility for low cost UEs and make the following conclusions:
Proposal 1: Introduce a new parameter numberOfRA-Preambles-MTC to specify which preambles the MTC device shall use.
Proposal 2: Decide whether any further capability signalling is necessary, considering the capability can be known from PRACH preamble.

Proposal 3: NW needs to broadcast an indication in SIBs of whether the UE is allowed to camp/access this cell. This would be at least one bit indication or may be implied by the presence of a configuration (for example preamble partition configuration). A low cost UE shall not camp on the cell if not enabled. 

Proposal 4: Network needs to indicate which neighbours have enabled low cost UE operation. 
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