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1 Introduction
The following frequency scheduling options for low cost MTC UEs were discussed and evaluated in the email discussion [76-11], with the summary in [1]:
Common channels

· Option 1: PDCCH with same sub-frame scheduling.

· Option 2: Semi-static PRB location or predefined PRB locations, with PDCCH within same subframe to indicate exact resource allocation. 

· Option 3: PDCCH cross-subframe scheduling for common channels

Unicast transmissions

· Option 1: Semi-static PRB location

· Option 2: Dynamic PRB location:

· A) PDCCH same subframe scheduling or 

· B) (E)PDCCH cross subframe scheduling.

A companion contribution [2] discusses the tradeoffs associated with the above options. In this contribution, the assignment bandwidth, the impact of each option on DCI/resource allocation of DL data and PUCCH resource allocation is discussed.
2 Assignment bandwidth
It was agreed in the LS reply to RAN2 [3] that:

For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.

If the TBS limit is extended to 2216 bits, the reduced bandwidth of 1.4 MHz probably needs extension as analyzed in [4]. The allowable maximum TBS conveyed in 1.4 MHz or 6 PRBs by QPSK modulation is 936 bits, but TBS of 2216 bits by QPSK modulation at least needs 14 PRBs according to the TBS table in TS 36.213 [5]. Regarding the cost savings, it was evaluated that there will be about 2-3% cost saving loss resulting from the reduced post-FFT buffer and the loss of “turbo decoding” and “HARQ buffer” savings from TBS reduction if extending the reduced bandwidth from 1.4 to 3 MHz. 
Hence, it was proposed if the limit is increased then both the TBS and the PRB limit should be increased, e.g., 2216 bits and 15 PRBs (3 MHz), with 2-3% cost saving loss.
However, the maximum TBS by QPSK modulation conveyed by 15 PRBs is 392 to 2344 bits corresponding to MCS 0 to 9. It implies that eNB could only convey 392 bits (MCS 0) on 15 PRBs based on the channel status sometimes, and without considering MTC UEs, eNB could schedule the common channels with 2216 bits by up to 80 PRBs according to the TBS table in TS 36.213. 
Note that increasing the number of PRBs will lose cost savings, so it is worth to consider the trade-off between the cost savings and the impact on performance of common channels for normal UEs, especially when UEs have the ability to buffer the entire bandwidth in common channel option 1.
3  DCI / Resource allocation
For whichever of common channels and unicast transmissions, if the frequency locations could be dynamically scheduled within the entire carrier bandwidth, the resource allocation types could be the same as for the legacy UEs, i.e., resource allocation type 0/1/2, localized/distributed. The legacy DCI formats will be used for low cost MTC UEs. 

If the frequency locations are predefined or semi-statically configured, for example, some scheduling information including the resource allocation type 0/1/2 with localized/distributed could be predefined or configured. Low cost MTC UEs could buffer the indicated frequency location before decoding PDCCH. The legacy DCI formats could still be used for low cost UEs, but the resources allocation type conveyed in the DCI should match that for the predefined or configured frequency location. In addition, the scheduled PRBs in the DCI should be included in the predefined or configured frequency location as well.
As optimization, compact DCI is possible for the case of predefining or configuring the frequency locations, which could be used to indicate the scheduling within the reduced narrow band. However, compact DCI would involve specification efforts on defining new DCI formats, which is not recommended given the limited time for finalizing Rel-12 specifications. 

Observation 1: Legacy DCI formats could be used for low cost MTC UEs for either scheduling option.
4 PUCCH resource allocation

One of the functionalities of PUCCH is to feed back the ACK/NACK for downlink unicast transmissions. The impact on the PUCCH resource allocation for the unicast transmissions three options will be discussed. This section focuses on PDCCH for scheduling first. 
For option 1 and 2 A), a PDCCH schedules a PDSCH within the same subframe, so the PUCCH resource can be determined according to the current mechanism. Specifically, the PUCCH channel index 
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Observation 2: For option 1 and option 2A the mechanism in the current specification can be used to determine the PUCCH ACK/NACK resource.

For option 2B, as shown in the Fig. 1 below, if the delay between PDCCH and its scheduled PDSCH is one subframe, and an MTC UE can receive a PDCCH in subframe n and transmits PUCCH in subframe n+4, the current mechanism of PUCCH resource allocation can also be applied to option 2B. 
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Fig. 1: Illustration of PUCCH resource allocation

However, as shown in the Fig. 2, if the delay between PDCCH and its scheduled PDSCH is also one subframe, and an MTC UE receives a PDCCH in subframe n, but does not transmit PUCCH in subframe n+4 (e.g. in subframe n+5), PUCCH resource collision may occur. For example, the 
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 of the PDCCH in subframe n for a low cost MTC UE, can be the same with the 
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 of the PDCCH in subframe n+1 for a legacy UE, and PUCCH resource collision may occur in uplink subframe n+5.
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Fig. 2: Illustration of PUCCH collision
Some dedicated PUCCH resources for PDSCHs scheduled by cross-subframe can be specified through new parameter to solve the PUCCH collision problem above. A low cost MTC UE can determine the PUCCH resource according to the sum of 
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 configured by higher layers. Alternatively, the higher layers can configure a PUCCH channel index to a low cost MTC UE, and the low cost UE can determine the PUCCH resource according to the configured PUCCH channel index and/or ARI (if ARI is indicated in DCI).

Observation 3: For option 2B, if an MTC UE can receive a PDCCH in subframe n and transmit PUCCH in subframe n+4, the mechanism in the current specification for the PUCCH resource allocation can be used. Otherwise, a new mechanism should be introduced.

5 Conclusions

This contribution discusses the open issues on bandwidth, the resource allocation types and the PUCCH resources allocation, which leads to the following observations:
Observation 1: Legacy DCI formats could be used for low cost MTC UEs for either scheduling option.
Observation 2: For option 1 and option 2A the mechanism in the current specification can be used to determine the PUCCH ACK/NACK resource.
Observation 3: For option 2B, if an MTC UE can receive a PDCCH in subframe n and transmit PUCCH in subframe n+4, the mechanism in the current specification for the PUCCH resource allocation can be used. Otherwise, a new mechanism should be introduced.
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