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1
Introduction
In this contribution, we consider PDSCH/PUSCH resource block allocation for narrowband MTC UEs.

2
Downlink Control Channel
For initial access to the system, the UE will first acquire the MIB which is transmitted on the PBCH. Afterwards, the UE would acquire M-SIB1 and other M-SIBs (if needed). The scheduling information for M-SIB1 may be provided in the MIB, while the scheduling information for other M-SIBs may be provided in M-SIB1. In this case, there would be no need for the UE to monitor L1 control channel until after it has transmitted the preamble on the PRACH. During the random access procedure, the UE would monitor L1 control channel for the RAR and subsequent messages. Then, UE would undergo RRC configuration setup, all of which would require an associated L1 control channel. For this purpose, a common EPDCCH region (or search space) is envisioned as shown in Figure 1. UEs will monitor this common region during initial access and in idle mode for the appropriate L1 control signalling. Note that multiple common regions may be needed (e.g. one associated with each repetition level) in case the common control capacity is not sufficient.
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Figure 1. Common and UE-specific downlink control regions.
During RRC connection setup procedure, UE can be assigned a UE-specific control region. Multiple UEs can be assigned to the same region and they will monitor this region for the DCI. Note that each UE-specific region would be 6 PRBs. In general, downlink control channel capacity is limited, while the number of MTC devices to be supported is likely to be very large, so it seems reasonable that the system would support multiple user specific control regions. 
3
Resource Block Allocation

In this section, the issue of resource block allocation (given in the DCI) will be discussed. 

PDSCH

For the PDSCH, three alternatives are possible as described below – 
· Alternative 1: eNB can allocate PRBs within the same 6PRB region as the configured EPDCCH. This method would not require retuning by the UE and therefore can take advantage of multi-subframe channel estimation for CRS-based transmission even in non-CE mode. There would also be no gap required for retuning and the resource allocation field in the DCI can be minimized. Implementation by the eNB would also be straightforward. However, frequency selective scheduling would not be possible with this scheme. Furthermore, if the control region is shared by many UEs, control channel blocking may be a problem in case of long transmissions to coverage limited UEs. This can be alleviated by limiting the number of UEs that share the same control channel region.
· Alternative 2: eNB can allocate PRBs anywhere within the DL system bandwidth. This is the most flexibile method and therefore would require the most bits in the DCI for resource allocation. Retuning will also be needed so there might be some scheduling retriction. For example, while returning the UE would not be able to receive any data. And when the UE retunes away to receive data, it might not be able to receive additional DCI. Frequency selective scheduling is possible but multi-subframe channel estimation would be possible only in CE (unless a long gap is introduced specifically for this). Some frequency diversity can also be achieved where retransmission is scheduled in different frequency band. One potential advantage is that this alternative does not take PRBs away from EPDCCH, so control channel blocking may be less of an issue.
· Alternative 3: eNB can allocate PRBs within a semi-statically configured 6PRB DL data region. This is a hybrid of Alternatives 1 and 2, with predefined 6PRB data region that is semi-statically configured separately from the control region. The 6PRB DL data region can be configured during RRC connection set-up. This method helps with control channel blocking but still suffers from having to retune and the inability to take advantage of multi-subframe channel estimation or frequency selective scheduling. 
The three alternatives are also illustrated in Figure 2. Although the retuning time has not been finalized yet by RAN4, it seems that up to 1ms may be needed based on the work done for half-duplex FDD switching time. Thus, the minimum gap required for retuning is assumed to be 1 subframe in this example.
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Figure 2. PDSCH resource block allocation alternatives.
Considering the above alternatives, it seems that Alternative 2 provides the most benefits in term of PRB allocation flexibility, avoiding control channel blockage, and potential link gain (e.g. from frequency selective scheduling or to provide frequency diversity for retransmission). However, it would introduce substantial implementation complexity and scheduling restriction. In addition, returning will require additional power consumption, which will impact battery life. Alternative 1 is much simpler but it should be studied further whether there would be issues with this approach.
PUSCH

For the PUSCH, three similar alternatives are possible as described below – 
· Alternative 1: eNB can allocate PRBs within a 6PRB UL data region tied to the EPDCCH. In this case, a 6PRB UL data region is tied to the EPDCCH region. This might be an option, e.g. if fixed Tx-Rx separation must be maintained. Since the 6PRB UL data region is fixed, retuning would not be necessary. Therefore, UE would be able to transmit consecutive UL subframes naturally. There would also be some saving in the DCI bits.
· Alternative 2: eNB can allocate PRBs anywhere within the UL system bandwidth. This is the most flexibile method and therefore would require the most bits in the DCI for resource allocation. Retuning will be needed so there might be some scheduling retriction. For example, the UE may not be able to transmit two consecutive uplink data subframes if they are not within the same 6PRB region. 
· Alternative 3: eNB can allocate PRBs on a semi-statically configured 6PRB UL data region. This is similar to Alternative 1 and also has similar benefits and drawbacks. The UL data region, however, is configured separately.
Considering the above alternatives, the key benefits for Alternatives 1 & 3 would be less implementation complexity and saving some DCI bits. Alternative 2 provides the most flexibility for scheduling PRB but will introduce scheduling restriction. This increases implementation complexity and standardization effort. 
4
Conclusion
In this contribution, we consider using the issue of resource block allocation for PDSCH and PUSCH. Several alternatives have been presented and should be studied further.
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