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1. Introduction
RAN#53 initiated a study item on “Provision of Low-Cost MTC UEs based on LTE” [1]. RAN1 is documenting the results of the study in a technical report and the already agreed parts are available in references [2] ~ [9].

LTE Rel-10 supports the following downlink transmission modes:

· TM1: Single antenna transmission
· TM2: Transmit diversity
· TM3: Open-loop codebook-based precoding supporting up to four spatial layers
· TM4: Closed-loop codebook-based precoding supporting up to four spatial layers
· TM5: MU-MIMO version of TM4
· TM6: Closed-loop codebook-based precoding supporting only a single spatial layer
· TM7: Non-codebook-based precoding supporting only a single spatial layer using UE-specific RSs
· TM8: Non-codebook-based precoding supporting up to two spatial layers using UE-specific RSs
· TM9: Non-codebook-based precoding supporting up to eight spatial layers using UE-specific RSs
In this contribution we provide our view on reduction of supported downlink transmission modes as a potential UE cost reduction technique.
2. Discussion
In contribution [10] it is suggested to restrict the supported downlink transmission modes for a low-cost MTC UE to only TM1 and TM2 in order to reduce the UE cost. Contribution [11] on the other hand concludes that there may not be any significant UE cost reduction from reducing downlink transmission mode support.
Our current understanding is that the potential cost reduction from reducing the downlink transmission mode support is not very significant. This becomes even more true if a new low-cost MTC UE category with reduced receiver bandwidth is introduced, which only needs to support channel estimation over a narrow bandwidth (corresponding to bandwidth reduction options DL-1 and DL-2 in [3]), where the task of channel estimation no longer as much of a burden as in the reference LTE modem.
Beside reduced downlink transmission mode support, we have considered whether it might be worth relaxing the CQI/PMI/RI reporting requirements, e.g. by only supporting wideband reporting or relaxing the timing/periodicity requirements. Again, our current understanding is there there are no significant cost reductions to be made here either, in particular not for UEs that only support a narrow receiver bandwidth.

As the beam forming transmission modes can provide improved cell edge performance compared to TM1 and TM2, and the low-cost MTC UEs may already be associated with somewhat degraded performance due to other cost reduction techniques, we believe that careful analysis is needed before downlink transmission mode support is reduced. In particular, concerning TM9, we note that DMRS provides efficient beam forming support and that is a fundamental component of the new downlink control channel ePDCCH, why we see strong synergy reasons to keep the support for TM9.

Furthermore we note that TM9 may be associated with lower power consumption than other transmission modes since during periods with temporarily low downlink data activity it will be sufficient to perform CSI reporting based on the infrequent CSI-RS instead of CRS. This may allow for more DRX opportunities in the UE, and this may be one additional reason to keep support for TM9.
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