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1. Introduction

    A new work item on further enhancement for MTC was approved in the RAN# 65 meeting. [1] Along with the work in the previous releases, complexity reduction remains an important aspect and among different technics, bandwidth reduction is an efficient one while would have most significant impact on the standard. The following objective describe further detail objective for bandwidth reduction:
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 
· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

In this document, we provide our view regarding the potential issue regarding physical channel given above bandwidth reduction requirement. 
2. Discussion 

PDCCH/EPDCCH
The reduction of control channel has been studied in previous release and several candidates were proposed. [2]As the goal is to allow UE with 1.4 MHz bandwidth reduction to access cells with any system bandwidth, control channel requires new design. For PDCCH, it is currently spanned wideband so that 1.4 MHz UE cannot receive it if the system bandwidth is larger than 1.4MHz. On the other hand although EPDCCH can fit into the subband fashion, currently there is no common search space defined for EPDCCH so that UE cannot access the cell with the current design. Therefore below alternatives can be considered in the following design. 
Alt 1: PDCCH in the existing control region and the REG mapping is done as if the system bandwidth is 1.4 MHz
Alt 2:  EPDCCH with common search space
Alt 3: New PDCCH, an example can be there are several OFDM symbols after the existing control region serve as control region for the new PDCCH and the REG mapping is done as if the system bandwidth is 1.4 MHz
For the first alternative, the existing standard for 1.4 MHz can be reused to a large extent, while legacy UE cannot be scheduled with legacy PDCCH in the same subframe. To fulfil the requirement of allowing multiplexing of legacy UE and bandwidth reduction UE in the frequency domain, EPDCCH can be utilized instead to schedule legacy UE. For the second alternative, the specification impact would not be significant, while the multiplexing capability would be lower than PDCCH-like proposal, e.g. if EPDCCH already take 2~4PRBs, the remaining PRB for PDSCH would be very limited. Therefore, one variant of this alternative is that the corresponding PDSCH can happen in a later subframe. For the third alternative, the standard impact would be similar to the first alternative while the multiplexing with legacy UE is easier with conventional PDCCH available. Although legacy UE may support both PDCCH and EPDCCH, it is not clear whether we need two types of control channel to fulfil the requirement and supporting more types of control channel would deem increase the complexity. Therefore it is preferred to select one of the alternatives as baseline for the following work.
Proposal 1: RAN1 needs to consider which one of the alternatives is defined as PDCCH/EPDCCH for the new capability UE with maximum 1.4 MHz bandwidth.
Another issue could be whether there is one bandwidth reduction control region across the system bandwidth or there can be more than one. To allow multiplexing more UE, 1.4MHz seems to be too restrictive. Therefore duplicate the above alternative in the frequency domain should be considered as the additional effort to achieve this is not significant.
Proposal 2: Multiple bandwidth reduction control regions multiplexed in a subframe can be considered. 
PDSCH
Given the above control channel design, PDSCH can be transmitted accordingly. The question would be whether PDSCH would be in the same 1.4 MHz as the DL control channel. It would depend on whether there would be sufficient time between control and data channel to retune the bandwidth.  Given the current control and data are within the same subframe and the retuning time can be up to 1ms, e.g. for half duplex FDD, it is preferable to restrict the control and data channel to the same bandwidth to simplify the design. Moreover, the overhead of MTC UE is typically small so that the restriction is not significant.
Proposal 3: PDSCH would fall in the same 1.4 MHz as the corresponding PDCCH/EPDCCH.
PUSCH
On the other hand, as there is 4ms between the DL control channel and PUSCH, there should be sufficient retuning time. Also multiplexing flexibility and frequency selective scheduling can be reused as much as possible. Therefore, it is preferred to allow PUSCH spanning across the system bandwidth while the maximum number of PRBs is restricted to 6.
Proposal 4: PUSCH is subject to the 1.4 MHz while can be transmitted in any part of the system bandwidth.
3. Conclusion

In this contribution,  we evaluate the potential impact to the physical channel as a result of bandwidth reduction an d have the following proposal:
Proposal 1: RAN1 needs to consider which one of the alternatives is defined as PDCCH/EPDCCH for the new capability UE with maximum 1.4 MHz bandwidth.
Proposal 2: Multiple bandwidth reduction control regions multiplexed in a subframe can be considered. 

Proposal 3: PDSCH would fall in the same 1.4 MHz as the corresponding PDCCH/EPDCCH.
Proposal 4: PUSCH is subject to the 1.4 MHz while can be transmitted in any part of the system bandwidth.
Reference

[1] RP-141660, “New WI proposal: Further LTE Physical Layer Enhancements for MTC”, Ericsson, Nokia Networks
