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Discussion/Decision
1 Introduction
This contribution discusses how to handle DC subcarrier in a narrowband for Rel-13 low-cost MTC UE based on the response LS from RAN4 [1].
2 Discussion
In LTE, one subcarrier at the center of DL system bandwidth is independent to any resource block and is not used for DL transmission. This subcarrier is not used for any DL transmission in order to avoid local oscillator (LO) leakage and DC offset that occur at DC and could otherwise reduce the receiver sensitivity. Since the system bandwidth includes several narrowbands for Rel-13 low-cost MTC UEs, the LO leakage and DC offset can exist at the center of each narrowband. 
In RAN1#79, there was discussion on how to handle the DC subcarrier within a narrowband for low-cost UEs and an outcome was to send a LS to RAN4. According to the response LS from RAN4 [1], RAN4 assumes that one subcarrier is punctured in the demodulation test. This conclusion implicitly means that there is no need to consider a DC subcarrier within a narrowband for M-PDCCH and PDSCH transmission to low-cost UEs and the impact of the LO leakage and DC offset can be solved by UE implementation. Avoiding introducing a DC subcarrier within a DL narrowband can also result to minimum spec impact. However, further consideration is needed for whether or not the DC subcarrier can be handled exclusively by UE implementation.
One possible UE implementation to avoid the LO leakage and DC offset is to use IF-conversion RF (a.k.a. heterodyne RF) which is less vulnerable to the LO leakage and DC offset compared to direct conversion RF. However, IF-conversion RF is more expensive than direct conversion RF since it requires more analog parts like filters and mixers. Considering that cost and complexity are key factors for Rel-13 MTC UEs, mandating IF-conversion RF is not a good option. Another UE implementation based solution is to puncture one subcarrier corresponding to narrowband DC. This also aligns with the response from RAN4. It is shown in [2] that if 1 RB is allocated to a low-cost UE and one subcarrier is punctured at the UE receiver, the performance loss is 0.45 dB at 1% BLER and the performance loss becomes negligible for more than 1 RB allocation. This result shows that the performance loss is directly proportional to the ratio of the number of a punctured subcarrier to the number of allocated subcarriers. However, the evaluations in [2] considered only the impact of punctured data REs and probably assumed that there is no collision between the punctured subcarrier and subcarriers used for transmitting reference signals. 
Typically, the subcarrier corresponding to DC is located at the center of the bandwidth for the symmetry of the guard band. It is highly likely that if one subcarrier is punctured at the center of a narrowband, that subcarrier can coincide with the subcarrier used for CRS or DMRS transmissions. As a consequence, the low-cost UE cannot perform channel estimation in that frequency location. This can lead to material performance loss particularly in frequency selective channels or when the UE SINR is not large. Moreover, the channel estimator implementation will need to change to account for punctured RS subcarriers. Similar issue occurs even when a DC subcarrier is applied within a narrowband.
One way to address the above issue is to modify the DMRS design for Rel-13 low cost UEs but this has a big specification and implementation impact. Moreover, the problem cannot be solved in case demodulation is based on CRS. Another solution can be that the low-cost UE selects a subcarrier to be punctured so that it can avoid the subcarrier used for CRS or DMRS transmission. Then, the subcarrier cannot be located at the center of narrowband but this can be implemented in a simple manner by shifting the carrier frequency according to the selected subcarrier. Even though this implementation will result in guard band asymmetry, performance loss is not be expected while the specification and implementation impacts are minimized. Therefore, the following is proposed.
Proposal: The DC subcarrier for DL narrowband can be addressed by the UE implementation puncturing a subcarrier corresponding to DC while always avoiding puncturing a sub-carrier used for CRS or DMRS transmission. Specification support is not needed. 
3 Conclusion
This contribution considered the possible collision between a punctured subcarrier and reference signals when puncturing is applied to avoid the LO leakage and DC offset and proposes the following.

Proposal: The DC subcarrier for DL narrowband can be addressed by the UE implementation puncturing a subcarrier corresponding to DC while always avoiding puncturing a sub-carrier used for CRS or DMRS transmission. Specification support is not needed. 

References
[1] R1-152527, “Reply LS on Support of Narrowband Operation for MTC”, RAN4 
[2] R4-151539, “RF Considerations for eMTC”, Qualcomm Incorporated
Page 2

