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Discussion

1. Introduction
In RAN1#68, two techniques have been covered during low-cost MTC discussions, which are reduction in bandwidth and reduction in peak rate. Furthermore in RAN1#68bis, the other three techniques of single receiver RF chain, UE Tx power reduction, and half duplex FDD have been highlighted. Our views on the above techniques have been presented in [1,2]. In this contribution, we will provide some analysis on the transmission modes to be supported by low cost MTC UEs.

2. Discussion
2.1. Limitation on transmission methods
There are nine transmission modes specified in LTE Release 10, however, based on current agreement on using LTE Cat1 UEs which only support layer one transmission as baseline for low cost MTC UE cost analysis, some transmission schemes are already excluded to be supported by low cost MTC UEs, e.g, large delay CDD in TM 3, closed-loop spatial multiplexing inTM4 and dual layer transmission in TM8. In the objectives of the SID for low cost MTC, one objective is listed as to study the benefit of developing methods for reducing the processing, which includes removing the support of spatial processing mode in uplink/downlink. Though no clear definition exists yet for the spatial processing mode, we consider it includes the transmission schemes requiring spatial multiplexing processing, or, in other words, a UE supporting only single layer transmission and rank-1 precoding does not require such “spatial processing”.

Besides the above agreement, the potential candidate of single receiver RF chain for cost reduction which was highlighted in RAN1#68bis discussion also sets a limitation on the supportable transmission schemes by low cost MTC UEs. However, it does not exclude the transmission schemes of transmit diversity and rank-1 precoding.
2.2. Reduction of transmission modes
Among the specified nine transmission modes, the transmission schemes of single antenna port transmission can be supported by TM1 and transmit diversity can be supported by all modes using the compact DCI format and by TM2, TM3 and TM4 using the transmission mode –dependent DCI format. Similarly, rank-1 precoding is supported by modes TM4-TM9. Though one transmission scheme can be supported by multiple transmission modes, supporting all the transmission modes for same transmission scheme is clearly unnecessary and will result in increased complexity at UE side.

TM1 and TM2 are basic fallback transmission modes, and TM2 –type of reception has to be anyway implemented for PBCH detection. Hence both TM1 and TM2 should be supported by low cost MTC UEs. Compared with TM2, TM 3 and TM4 can additionally support spatial multiplexing besides transmit diversity, however, the spatial multiplexing is beyond the processing capability of low cost MTC UEs, hence we do not see the need to additionally support TM3 and TM4 considering that TM 2 already provide the same transmission scheme of transmit diversity. TM5 is the MU-MIMO transmission mode; MU-MIMO may degrade the low cost MTC UE performance due to lack of capabilities to reduce/cancel inter-user interference considering that there is only single receiver RF chain. Therefore, TM5 does not need to be supported. TM6 is the closed-loop rank-1 precoding transmission mode, it can be in principle supported by low cost MTC UEs.
In addition to TM1, TM2 and maybe also TM6 for CRS-based precoded rank-1 transmission scheme, another transmission mode to support rank-1 precoding based on UE-specific RS is desired for the following reasons:
· Rank-1 precoding provides better spectral efficiency compared to transmit diversity and single antenna port transmission;

· Rank-1 precoding helps to compensate the coverage degradation due to single Rx and reduced bandwidth. Though according to current simulation results, the low cost MTC UEs with single receiver RF chain still have better spectral efficiency and coverage than EGPRS UEs, it is still desirable to reduce the large gap compared with normal Cat1 UEs.
· The demodulation based on antenna ports 7-10 may anyway need to be implemented to support ePDCCH. Hence the support of rank-1 precoding based on antenna ports 7 or 8 will not bring any additional complexity for demodulation.
· For future proofness, it is desirable to have a rank-1 precoding transmission mode based on UE-specific RS, considering that CRS may not exist in some new carrier type in future releases.

TM7 to TM9 support rank-1 precoding based on UE-specific RS. However, TM7 should be avoided since it introduces additional channel estimation complexity due to different UE-specific RS pattern than that used by ePDCCH. As for TM8 and TM9, the disadvantage is a too large DCI format 2B/2C designed for two codewords transmission and therefore inefficient for support of rank-1 precoding. Then there are at least two options for how to support the antenna port 7 or 8 based rank-1 precoding:

Option#1: Introduce a new transmission mode, say, TM10 (see also [3]) ;

· Define a small DCI format to support the antenna port 7/8 -based rank-1 precoding, and DCI format 1A obviously is the baseline choice. DCI format 1A’ which is a more compact DCI with some fields of DCI format 1A removed/reduced can be considered. For instance, DCI format 1A’ can be obtained via reducing the bits for resource allocation in DCI format 1A due to reduced bandwidth for low cost MTC UEs, and via reducing the number of bits for HARQ process number in DCI format 1A to support a smaller number of HARQ processes. It is noted that this transmission mode can follow also any new TM10 potentially specified in Release 11, however that would then require that the DCI format 1A contains the option to schedule the UE using UE-specific RS already in Release 11.
Option#2: Reuse TM9, but define new interpretation for low cost MTC UEs;
· For example, for low cost MTC UEs, use a different DCI format 1A, or 1A’ rather than DCI 2C to support the antenna port 7 or 8 based tank 1 precoding;

Option#2 is in principle same as option#1 from the point of view that they both require a new DCI for low cost MTC which is different than DCI format 2C and makes it a new transmission mode. DCI format 1A or 1A’ is a good candidate from the aspect that it results in a single DCI format to be detected in UE specific search space, and therefore reduces the blind detection significantly.
Currently for TM9, UEs can be configured to report PMI or not. This feature should also apply to the new transmission mode TM10 once introduced.
Observation 1: TM1, TM2 and a new transmission mode TM10 to support rank-1 precoding based on antenna ports 7, or 8 should be supported by low cost MTC UEs; And a small DCI, e.g, 1A or 1A’, need to be introduced to support the antenna port 7 or 8 based rank1 precoding in TM10;
Observation 2: TM5 may result in performance degradation of low cost MTC UEs due to inter-user interference; TM6 can be supported by low cost MTC UEs;

Observation 3: TM3, TM4, TM5, TM7, TM8 should not be supported by low cost MTC UEs;

3. Conclusions
In this contribution we discussed the transmission methods can be supported by low cost MTC UEs and the reduction of transmission modes. Taking into account the UE implementation complexity, spectral efficiency, coverage, and future proofness, we have following observations:
Observation 1: TM1, TM2 and a new transmission mode TM10 to support rank-1 precoding based on antenna ports 7 or 8 should be supported by low cost MTC UEs; And a small DCI, e.g, 1A or 1A’, need to be introduced to support the antenna port 7 or 8 based rank1 precoding in TM10;

Observation 2: TM5 may result in performance degradation of low cost MTC UEs due to inter-user interference; TM6 can be supported by low cost MTC UEs;

Observation 3: TM3, TM4, TM5, TM7, TM8 should not be supported by low cost MTC UEs;
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