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1 Introduction

At the RAN1 #78bis meeting, the following was agreed regarding techniques for UE complexity reduction for MTC in Rel-13 [1]:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
Additionally, RAN1 WG discussed limiting transport block size (TBS) for Rel-13 low complexity MTC UEs and agreed on the following as working assumptions:

· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.

· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs

· FFS: UE behavior

· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption
· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

In this contribution, following the latest agreements in RAN1 WG, we share our views on various aspects related to the support of reduced UE bandwidth of 1.4 MHz in DL and UL as a complexity reduction technique for Rel-13. 

Note: In the rest of the contribution, it is assumed that, in accordance with the objectives listed in the WID [2], the reduced UE bandwidth referred to in the above-quoted agreement from RAN1 #78bis implies reduction of the UE RF bandwidth to 1.4 MHz.
Analysis and views on the details related to TBS for broadcast transmission for Rel-13 low complexity UEs are presented in our companion contribution [3].
2 Support of LC MTC UEs with Reduced UE Bandwidth

In this section, we present some important considerations and possible solutions related to the support of Rel-13 LC MTC UEs with reduced UE bandwidth, including details on logical MTC regions, consideration of retuning time, and handling of D.C. subcarriers within MTC regions.

2.1 MTC Regions for UEs with reduced UE Bandwidth
Different options can be considered for resource allocation for the Rel-13 low complexity (LC) MTC UEs with reduced UE bandwidth support [4].  One approach is to define resource partitions within the system bandwidth as MTC regions that span a bandwidth of 1.4 MHz. The simplest option could be to configure a single MTC region in a cell-specific manner for all MTC UEs. However, this solution can be seen as too restrictive and non-future proof in terms of the capability to handle a potentially large number of MTC UEs. As an alternative, in order to handle a potentially large number of MTC devices and enable more efficient load management, multiple MTC regions can be configured within the system bandwidth for both DL and UL, and different sets of MTC UEs can be served on different MTC regions. Some examples for DL MTC regions are shown in Figure 1.
[image: image1.png]System bandwidth

|

Legacy control region
subframe

(a) DL MTC regions w/o frequency hopping

System bandwidth

[ MTC region #1 ] MTC region #2

(b) DL MTC regions w/ frequency hopping




Figure 1. Illustration of MTC Regions for DL

Figure 2 illustrates the examples of MTC regions for the UL. In particular, resource allocation for physical channels within the UL MTC region can follow the existing LTE design for 1.4MHz bandwidth.
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Figure 2. Illustration of MTC Regions for UL

Note that although not shown in the figures above for simplicity, in time dimension, an MTC region on the DL or UL may not include all DL or UL LTE subframes, respectively.
Proposal 1

· To support Rel-13 LC MTC UEs with reduced UE BW support in LTE networks, consider defining MTC regions that, at any given time instance, span 1.4 MHz of contiguous frequency within the system bandwidth. 
Further, the resources for an MTC region can be logically mapped to physical time-frequency resources. One of the primary motivations for such a logical definition for MTC regions is to enable the application of frequency hopping to the MTC region as shown in the Figure 1(b) and Figure 2(b). Depending on the available system bandwidth, frequency hopping techniques can be used to provide diversity gains to MTC UEs both on the DL and the UL. Further, such considerations can play a significant role in alleviating the need for a very large number of repetitions for most physical channels and signals for Rel-13 LC MTC UEs in enhanced coverage (EC) mode.

Specifically, the MTC region can span a certain set of PRBs that are contiguous in frequency for a specific duration and then hop to a different set of PRBs following a pre-defined or configured hopping pattern. The exact hopping mechanism, including the time-scale of the frequency hopping application, depends on the amount of retuning time that an MTC UE with reduced UE bandwidth support may need to switch from one set of 1.4 MHz frequency resources to another within the system bandwidth. In this regard, it is imperative that an LS is sent at the RAN1 #79 meeting to RAN4 WG requesting them to study the aspect of UE retuning time for the Rel-13 LC MTC UE with reduced RF bandwidth support. 
Proposal 2
· RAN1 to send an LS to RAN4 at the RAN1 #79 meeting requesting RAN4 to study and recommend the necessary retuning time for Rel-13 LC MTC UEs with reduced RF bandwidth support.
2.2 Handling of D.C. Subcarrier within MTC Regions
Another challenge related to the support of UEs with reduced bandwidth support is on the handling of D.C. subcarriers within the DL MTC region. According to current LTE specification, the central subcarrier within the DL system bandwidth is defined as the D.C. subcarrier on which no signal is transmitted by the eNodeB. This is employed to aid the UE receiver implementation in terms of solving the DC offset issue and allow for UE implementation based on direct conversion receiver architectures by minimizing impact from local oscillator (LO) leakage. 

In general, Rel-13 LC MTC UEs with reduced UE bandwidth support may be served on MTC regions that could span any portion of the system BW. Limiting the MTC region to the central 6 PRBs of the system BW would be too restrictive in terms of network resource dimensioning and operation. Consequently, for a given time instance, the Rel-13 LC MTC UEs may be served on a set of contiguous 6 PRBs that are not symmetric about the existing D.C. subcarrier. This would introduce significant impact on UE receiver implementation as direct conversion receiver architectures, that are much simpler compared to receiver architectures using non-zero intermediate frequency or sophisticated D.C offset cancellation implementation, would introduce significant interference and distortion from the LO at the UE receiver. 
Considering the significance of support of reduced UE bandwidth as the most important technique for complexity reduction for MTC UEs in Rel-13, the handling of D.C. subcarriers within the DL MTC region should preferably be addressed via specification support. One simple option would be to define m (m = {1, 3}) D.C. subcarriers at the central frequency location(s) within each MTC region that spans a bandwidth of 1.4 MHz. It should be noted that for the comparable case of 1.4 MHz system BW, legacy LTE UEs actually receive a total of 73 subcarriers (72 subcarriers and the central D.C. subcarrier). However, it should be noted that for Rel-13 MTC UEs that may be served on MTC regions defined within a larger system BW, each MTC region may only span 72 subcarriers, resulting in an asymmetric mapping of subcarriers on each side of the MTC region-specific D.C. subcarrier. 

The DL MTC regions should be defined to not map to the legacy DL control region [4]. Consequently, the MTC region-specific D.C. subcarriers should also be defined to span only the OFDM symbols following legacy control region in a DL subframe. DL transmissions from the eNodeB to Rel-13 MTC UEs can be rate-matched around the MTC region-specific D.C. subcarriers while any physical channel or signal transmission for Rel-13 MTC UEs can be punctured at the eNodeB on these subcarriers. 
Proposal 2
· RAN1 to further study and specify solutions for the handling of D.C. subcarriers within DL MTC regions for Rel-13 LC MTC UEs with reduced UE BW support.
· The introduction of MTC region-specific D.C. subcarriers should be considered to minimize impact on Rel-13 LC MTC UEs employing direct conversion receiver architectures.
3 CSI and RRM Measurements for Rel-13 LC UEs
Reduction of CSI and RRM measurements and reporting, that includes removing MTC UE support of periodic CSI feedback and periodic RRM measurement reporting, has been proposed in [5] as an effective power consumption reduction technique for Rel-13 MTC UEs. In this regard, such approaches, e.g., not requiring Rel-13 LC MTC UEs to support periodic CSI feedback, can also help reduce UE complexity related to both CSI measurements and reporting methods. 
Further simplification can be achieved by removal of PMI reporting and subband-based CQI/PMI reporting modes, considering Rel-13 LC MTC UEs with reduced UE BW of 1.4 MHz. As a related aspect, the set of subbands, S, may need to be re-defined for Rel-13 LC MTC UEs with reduced UE BW of 1.4 MHz so as to not depend on the system BW indicated in the MIB.
Additionally, necessary modifications to UE behaviour for CSI measurements can be expected for MTC UEs with reduced UE BW. For instance, depending on the configuration of the MTC regions, CSI measurements may need to be limited in frequency and time as compared to existing UE behaviour. 

Proposal 3:

· Reduction of CSI and RRM measurement and reporting types should be considered as techniques for both complexity and power consumption reduction.
· RAN1 should carefully evaluate the possibility of removing some CSI reporting modes considering LC MTC UEs with reduced BW support

· For the support of Rel-13 LC MTC UEs with reduced BW support by defining MTC regions, further study is needed to identify and specify necessary modifications to UE behavior regarding CSI measurements.
4 Other Techniques for UE Complexity Reduction
In addition to the already-agreed technique of reduced UE BW for DL and UL, some other effective techniques for complexity reduction should be considered and analyzed by RAN1. As detailed in [4], some such UE complexity reduction techniques include reduction in the number of DL transmission modes (TM) supported by Rel-13 LC MTC UEs, support of Limited Buffer Rate Matching (LBRM) and reduction in number of HARQ processes for Rel-13 LC MTC UEs, and configuration of a subset of aggregation levels for physical DL control channels. 

5 Conclusions

In this contribution, we provided our views on various aspects related to the support of reduced UE bandwidth of 1.4 MHz in DL and UL as a complexity reduction technique for Rel-13. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1

· RAN1 to send an LS to RAN4 at the RAN1 #79 meeting requesting RAN4 to study and recommend the necessary retuning time for Rel-13 LC MTC UEs with reduced RF bandwidth support.
Proposal 2:

· RAN1 to further study and specify solutions for the handling of D.C. subcarriers within DL MTC regions for Rel-13 LC MTC UEs with reduced UE BW support.
· The introduction of MTC region-specific D.C. subcarriers should be considered to minimize impact to Rel-13 LC MTC UEs employing direct conversion receiver architectures.
Proposal 3:

· Reduction of CSI and RRM measurement and reporting types should be considered as techniques for both complexity and power consumption reduction.

· RAN1 should carefully evaluate the possibility of removing some CSI reporting modes considering LC MTC UEs with reduced BW support

· For the support of Rel-13 LC MTC UEs with reduced BW support by defining MTC regions, further study is needed to identify and specify necessary modifications to UE behavior regarding CSI measurements.
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