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1. Introduction
In RAN#65 meeting, a new WI “Further LTE Physical Layer Enhancements for MTC” was approved. In the WID [1], the following objective is specified for a new UE category/type 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, 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
For the Rel-13 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 every DL and UL channel. 
For DL channels, the current PSS/SSS and PBCH can be directly reused for MTC UEs. For other broadcast channels such as MTC SIBs and PDSCH carrying paging messages, the simplest scheme is to transmit those common channels in the central 6 PRBs in the system bandwidth. However, if the frequency hopping gain is to be exploited, frequency hopping pattern can also be specified for those broadcast channels.
For UE specific PDSCH transmission, frequency hopping pattern can also be configured. Furthermore, different MTC UEs can be configured with different hopping patterns, e.g. different hopping patterns are multiplexed with FDM basis.
For the uplink channels, there may be a concern that if the UL 1.4MHz for Rel-13 MTC UEs is located in the middle 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. 
For PRACH, since usually there is no other channel to be transmitted when a UE sends PRACH, a Rel-13 MTC UE can hop to the edge of the system bandwidth to transmit PRACH. One scheme is MTC UEs are multiplexed with other normal UEs in the legacy PRACH resources. On the other hand, if the eNB needs to differentiate Rel-13 MTC UEs with other UEs using PRACH, a new dedicated PRACH resource can be allocated to Rel-13 MTC UEs.

For PUCCH, if the frequency retuning time for the MTC UE is 0ms i.e. there is no hopping delay, the current slot level frequency hopping for PUCCH within system bandwidth can be reused. For example, MTC UE can send PUCCH in the PRBs at the high end of the system bandwidth in the first slot and then sends PUCCH in the PRBs at the low end of the system bandwidth in the second slot. However, if the frequency retuning time for the MTC UE is several hundred of ms, the above slot level frequency hopping within system bandwidth is impossible. Then PUCCH for MTC UEs can only be transmitted within 1.4MHz. Furthermore, whether there is slot level frequency hopping gain within 6PRBs for PUCCH shall be investigated. If there is no obvious hopping gain, PUCCH for Rel.13 MTC can be transmitted without frequency hopping, e.g. PUCCH is transmitted on the same PRBs in both slots of a subframe.  
For PUSCH, frequency hopping, e.g. subframe level frequency hopping, is also beneficial especially considering that MTC traffic is uplink traffic dominant and the coverage for LTE is uplink limited. 
Based on the above discussion, it is beneficial to utilize frequency hopping in the Rel-13 low MTC system design. On one hand, the transmission performance for PDSCH/PUSCH and potentially PUCCH can be improved. On the other hand, the uplink resource fragment issue can be solved. Therefore, we propose frequency hopping can be considered in the Rel.13 low cost MTC system design.

Proposal 1: Frequency hopping can be considered in the Rel.13 low cost MTC system design. 

However, it is still not clear on the required frequency retuning time and the impact on power consumption of Rel-13 MTC UE. These aspects shall be considered together with the potential gain of frequency hopping.
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 2: It is suggested to investigate the interference issue between 1.4MHz transmission and normal transmission.
3. Conclusions
In this contribution, we discussed how the Rel.13 MTC UE with 1.4MHz RF bandwidth operates in a larger system bandwidth and the interference issue between 1.4MHz transmission and normal transmission. Based on the discussion, we have the following proposals:

Proposal 1: Frequency hopping can be considered in the Rel.13 low cost system design. 

Proposal 2: It is suggested to investigate the interference issue between 1.4MHz transmission and normal transmission.
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