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1
Introduction
A low-complexity UE suitable for MTC operation is to be designed [1]. One of the objectives of the work item is to introduce support for reduction of maximum baseband bandwidth to 1.4 MHz in DL for data channel. This topic was discussed at RAN1#74, with the conclusion – 

PDSCH frequency allocation method for further study until the next meeting:
· Pre-defined or fixed manner or dynamic-manner for initial access

· Semi-static or dynamic manner for others

However, no RAN1 agreement was reached at RAN1#74bis to finalize these aspects. 

In this contribution we discuss the potential signalling impact for enabling the reduced maximum bandwidth.
2
Discussion
2.1 RAN1 status

Firstly, in order to clarify what the RAN1 discussion means to RAN2, the terms used to describe PDSCH frequency allocation methods are clarified as follows. An MTC UE has a maximum data channel baseband bandwidth of 6 PRBs, meaning that it cannot decode more than 6 PDSCH PRBs per subframe (TTI):
Dynamic: PHY-based approach, relying on cross-subframe scheduling, whereby dynamic signalling of PRBs is done via PDCCH in subframe n scheduling PRBs in a later subframe m>n.
Fixed or pre-defined: Certain PRBs which the UE needs to buffer in a subframe are reserved either by defining a fixed configuration (e.g. location of the contiguous blocks of 6 RBs) in the specification or a pre-defined configuration of, e.g., a frequency hopping pattern, in the specification. UE needs to buffer only these PRBs and only these PRBs can be scheduled with PDCCH.

Semi-static: As ‘pre-defined’ above, but the NW can configure the PRBs that can be scheduled via RRC signalling. This RRC signalling could be dedicated or common.
The 4 options which RAN1 discussed at RAN1#74bis are as follows:
· Option 1: PDSCH PRBs that can be scheduled for initial access and paging are fixed or pre-defined while semi-statically configured for subsequent access 
· Option 2: PDSCH can be dynamically scheduled via DCI within the entire carrier bandwidth according to the current timing relationship
· Option 3: PDSCH PRBs that can be scheduled for initial access and paging are fixed or pre-defined while dynamically configured with cross subframe scheduling for subsequent access
· Option 4: PDSCH can be dynamically scheduled via DCI within the entire carrier bandwidth according to a new timing relationship
Although a concrete agreement has not yet been reached in RAN1, the majority of companies are of the view that dynamic scheduling is complex. This implies that a better cost reduction can be achieved with option 1. 

Since both pre-defined and semi-static scheduling configuration imply RAN2 signalling impact, either in system information or dedicated RRC signalling (or both) it would be beneficial for RAN2 to analyse the potential impact and feasibility of these options. We expect even if RAN1 select a dynamic scheduling method for any part, this would also have impact to system information in at least the support of reduced bandwidth operation as well as any potential new timing relationship needs to be indicated in system information. 
Furthermore, according to RAN1 discussions and input it seems that use of option 1 above can provide better cost savings, provide greater signalling efficiency, as well as being significantly less complex. Therefore we expect the RAN1 conclusion to be along the lines of option 1. If RAN1 have not yet concluded by the time we discuss this agenda item, it seems sensible for RAN2 to make a working assumption that dynamic scheduling will not be used due to the many relative disadvantages discussed in RAN1.
Proposal 1: RAN2 to make working assumption that PDSCH PRBs that can be scheduled for initial access and paging are fixed or pre-defined while can be semi-statically configured for subsequent access. 

Note: Initial access means at least the configuration to be used for SIB reception, while any subsequent access may be configured (e.g. in SIB).
2.2 RAN2 potential impact

With the above assumption in proposal 1 it is possible to then consider which RRC messages would be impacted to support reduced bandwidth operation. The impact to configure reduced bandwidth operation should be quite straightforward.
It is our assumption that it is desirable for networks and operators to have some control over which PRBs are configured for use with reduced bandwidth UEs, therefore a fixed configuration in the specification, although relatively simple, may prove to be too restricted, particularly after initial access stages. For SIB reading, however, it makes sense to fix the configuration so that the UE can receive all relevant SIBs in the central 6 RBs.
To support a semi-static configuration for use immediately after SIB reading, clearly this would impact the configurations in system information, more specifically the common radio resource configuration would need to be updated to include one or more potential narrow bandwidth configuration. Either this additional information would be added to SIB2 or a new SIB might be more desirable for containing any reduced bandwidth configuration, and avoiding modifying the SIBs received by other UEs. 

Proposal 2: Reduced bandwidth configuration information and any other information which might be needed to support low cost UEs should be signalled in a new SIB. 

Particularly in order to improve capacity when there are many low-cost devices, it is beneficial to provide more than one narrow bandwidth region. We would need to consider how UE should select one of those regions in order to spread the load amongst configured regions, for example a simple approach such as use of IMSI to perform resource selection for initial access would randomize resource usage. Other approaches would involve more signalling complexity such as assignment of a particular region during connection establishment; however this should also be feasible. The configuration itself may simply take the form of signalling a starting RB for each region, for which the contiguous range of 6 RBs starts. 
Proposal 3: Allow configuration of multiple reduced bandwidth regions in system information for use immediately after SIB reading. 

For subsequent access, a semi-static approach might be needed if it is deemed necessary for the NW to reconfigure the resources selected at initial access to a specific region of bandwidth. RAN2 needs to discuss whether it needs to be possible to assign a different reduced bandwidth region per UE basis in connected mode, compared to what is assigned for initial access procedure. 
Proposal 4: Consider whether the selection of resources at initial access (i.e. SIB configuration only) sufficiently spreads the load, or whether per-UE control is needed via an additional configuration option given in dedicated signalling. 
3
Conclusion

In this paper we made some basic proposals relating to the configuration of reduced bandwidth operation by RRC.
Proposal 1: RAN2 to make working assumption that PDSCH PRBs that can be scheduled for initial access and paging are fixed or pre-defined while semi-statically configured for subsequent access

Note: Initial access means at least the configuration to be used for SIB reception, while any subsequent access may be configured (e.g. in SIB).
Proposal 2: Reduced bandwidth configuration information and any other information which might be needed to support low cost UEs should be signalled in a new SIB. 

Proposal 3: Allow configuration of multiple reduced bandwidth regions in system information for use immediately after SIB reading. 

Proposal 4: Consider whether the selection of resources at initial access (i.e. SIB configuration only) sufficiently spreads the load, or whether per-UE control is needed via an additional configuration option given in dedicated signalling. 
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