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1. Introduction
In RAN#65 meeting, new WI” Further LTE Physical Layer Enhancements for MTC” was approved. In the WID [1], the following objective is specified for a new UE for MTC operation in LTE:

· 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.

Following the above objective, the problem that how a Rel-13 low complexity UE with 1.4 MHz RF bandwidth in downlink and uplink operates in a lager system bandwidth with other normal UEs should be addressed. In this contribution, we give our initial considerations on UE RF bandwidth reduction.
2. Discussion
Frequency location
For the low complexity UE with 1.4 MHz RF bandwidth in downlink and uplink, the UE needs to know the specific 1.4MHz frequency location for DL and UL. The simplest scheme is that the UE operates in the central 6 PRBs in the system bandwidth. Note that here 6 PRBs as the available PRBs in 1.4MHz system bandwidth are assumed. Then the low complexity UE can directly determine its frequency location after cell search using PSS/SSS. There may be a concern that if UL 1.4MHz bandwidth is located in the central instead of the edge of the system bandwidth, it will affect a legacy UE’s PUSCH transmission if the legacy UE is not capable of multi cluster transmission. On the other hand, if different UL and DL frequencies are used within 20MHz bandwidth for TDD, two oscillators may be needed which will add the cost.

On the other hand, the number of supported MTC UEs may be limited if only 6PRBs out of the whole system bandwidth can be utilized for MTC traffic. It is noted that when the number of MTC UEs is large, it is possible to consider assigning one or more dedicated carriers (each of 1.4MHz) for MTC traffic. Hence, we propose that multiple 1.4MHz frequency locations within the system bandwidth are not considered until we have a detailed design of single 1.4MHz bandwidth for low complexity UEs.

Proposal 1: For the Rel-13 low complexity UE, operating in the central PRBs of the whole system bandwidth can be considered as a baseline.   
Downlink control channel 

The low complexity UE with 1.4 MHz RF bandwidth in downlink and uplink cannot buffer and decode PDCCH transmitted in a system bandwidth larger than 1.4 MHz. Furthermore, in order not to affect the PDCCH for normal UEs, The low complexity UE can only receive downlink control channel and PDSCH in the OFDM symbols without PDCCH. Both R-PDCCH and E-PDCCH can be considered as the downlink control channel. R-PDCCH can support decoding using CRS and DMRS while E-PDCCH can only support decoding with DMRS. So, if low complexity UE does not support DMRS, E-PDCCH cannot be directly used and some new design is needed to support the low complexity UE. On the other hand, R-PDCCH has only been used in the relay node but not the UEs, thus from the UE implementation perspective, E-PDCCH may be easier to be implemented for the low complexity UE.
Irrespective of whether R-PDCCH or E-PDCCH is used as the control channel for Rel-13 low complexity UEs, a common search space may need to be specified for the Rel-13 low complexity UE to receive the common control channel in 1.4MHz. Otherwise the time and frequency resource for the PDSCH bearing the common messages (such as SIB/paging/RAR if they are needed) need to be predefined.

Proposal 2: For the Rel-13 low complexity UE, R-PDCCH or E-PDCCH can be used as the DL control channel.
Proposal 3: For the Rel-13 low complexity UE, a common search space may need to be specified.

Fallback operating mode
When the system bandwidth is larger than 1.4MHz, the low complexity UE can only operate with a new design, namely a new operating mode for MTC. For the new operating mode, new control channel (e.g. MTC-PDCCH) or additional time and frequency for control channel are needed (e.g. MTC-PUCCH). Furthermore, it is possible to design new SIBs for the low complexity UE.

However, when the system bandwidth equals to 1.4MHz, the low complexity UE has the capability to work in the system bandwidth according to the legacy mode (i.e. as per legacy UE’s operation in 1.4MHz system bandwidth). If the low complexity UEs still work in the new operating mode, control channel and common messages cannot be shared among the low complexity UEs and normal UEs. This will greatly affect the system efficiency and brings in scheduling complexity. So, we propose it can be considered for the Rel-13 low complexity UE to support both a new operating mode and the fallback mode.
Proposal 4: It can be considered for the Rel-13 low complexity UE to support both a new operating mode and the fallback mode (i.e. legacy UE’s operation in 1.4MHz system bandwidth).  In other words, the Rel-13 low complexity UE is backward compatible in system bandwidth of 1.4MHz.
Interference issue between 1.4MHz transmission and normal transmission
When the system bandwidth is larger than 1.4MHz, the Rel-13 low complexity UEs operate within 6 PRBs but the normal transmission for legacy UEs can be on any PRBs within the whole system bandwidth. For downlink transmission, if the scheduled PRBs of PDSCH/E-PDCCH for normal UE are located close to the PRBs used for the Rel-13 low complexity UEs, the signal for normal UEs will leak into the signal received by the Rel-13 low complexity UEs. It is necessary to evaluate whether any standardized solution is necessary to limit such spill-over interference.
Proposal 5: It is suggested to investigate the interference issue between 1.4MHz transmission and normal transmission.
3. Conclusions
In this contribution, we discussed the frequency allocation, downlink control channel, fallback mode for the low complexity UE and the interference issue between 1.4MHz transmission and normal transmission. Based on the discussion, we have the following proposals:

Proposal 1: For the Rel-13 low complexity UE, operating in the central PRBs of the whole system bandwidth can be considered as a baseline.   

Proposal 2: For the Rel-13 low complexity UE, R-PDCCH or E-PDCCH can be used as the DL control channel.

Proposal 3: For the Rel-13 low complexity UE, a common search space may need to be specified.

Proposal 4: It can be considered for the Rel-13 low complexity UE to support both a new operating mode and the fallback mode (i.e. legacy UE’s operation in 1.4MHz system bandwidth).  In other words, the Rel-13 low complexity UE is backward compatible in system bandwidth of 1.4MHz
Proposal 5: It is suggested to investigate the interference issue between 1.4MHz transmission and normal transmission.
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