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1. Introduction
In RAN 1 #68bis, a conclusion is made:
Introduce a new subsection in the TR for the technique “Reduction of supported downlink transmission modes”.

In this contribution, transmission mode support for MTC devices is analyzed. 
2. Description
2.1. Transmission modes under single receive antenna
If MTC UE only has single receive antenna, any dual-layer transmission modes will not be necessary to support. In this case, TM3 is the same with TM2 and TM4 is the same with TM6 with a smaller DCI overhead. Therefore, there is no need to support TM3 or TM4.
Observation #1: TM 3 and TM4 are not needed for single receive antenna MTC devices.
TM7 is UE-specific RS port 5 based transmission mode, while TM8 and TM9 are UE-specific port 7-10 or port 7-14 DM-RS based transmission mode. Supporting one DM-RS based beamforming mode seems to be enough for single receive antenna MTC to obtain beamforming gain. Considering the development in ePDCCH design, beamforming mode based on port 7-10 DM-RS (i.e., TM8 or 9) seems more preferable than port 5 based TM7. However, DCI format of TM8 and TM9 are DCI format 2B and 2C, which is more than what is needed for single layer transmission. Further study is needed on how to support a single layer transmission mode with a more compact DCI format based on port 7-10. Note that TM 6 is a CRS-based precoding mode. Whether both CRS and DM-RS based closed-loop beamforming are needed for low-cost MTC depends on the presence of CRS, CSI-RS, and feedback requirements. Further analysis is needed. In general, the feedback overhead and the associated UL power consumption for supporting sporadic small packet delivery in a closed-loop fashion may need further justification.
Proposal #1: Whether any closed-loop beamforming transmission mode is supported for sporadic small packet delivery may need further consideration, taking into account the feedback overhead and the consumed UL power.
Proposal #2: If closed-loop beamforming is supported, whether both CRS and DM-RS based closed-loop transmission modes are needed for low-cost MTC requires further analysis.
Proposal #3: If DM-RS based transmission mode is supported, only one such DM-RS based mode is enough, preferably based on DM-RS port 7-10.  How to support a single layer transmission mode with a more compact DCI format based on port 7-10 needs further study. 
In order to improve cell capacity when serving MTC devices, MU-MIMO might be useful. However, single receive antenna at the MTC devices will not be able to suppress any residual mutual interference if the eNB does not have good channel knowledge. Similar to closed-loop SU-MIMO transmission, the feedback overhead and the associated UL power consumed to support sporadic small packet delivery in a closed-loop MU fashion may need further justification. If MU-MIMO transmission is supported by MTC devices, there are three modes currently. TM5 enables CRS based MU transmission (both feedback and demodulation are CRS based), and it is not much different than TM6 in terms of UE support (same demod processing but a slightly different feedback processing to account for MU-related power scaling). TM8 is also CRS based feedback but DMRS based demodulation, similar to TM9 but TM9 requires CSI-RS feedback.  Supporting all three modes just for MU-MIMO is clearly unnecessary. 
Proposal #4:  Whether to support closed-loop MU transmission depends on the closed-loop SU transmission mode(s). If MU is supported, it is preferred be supported in a way that does not add UE complexity in either feedback or demodulation compared to closed-loop SU transmission support.  
Performance Analysis:

Any modification or optimization of transmission modes discussed above is not expected to affect coverage in addition to the effect of a single received antenna. 

Impact to cell spectral efficiency due to, for example, lack of beamforming, is expected even if the transmission can only be a single layer. However, the overall impact of supporting beamforming, including feedback related computation at the UE, DMRS overhead (if any), and sounding overhead & power consumption, also need to be considered. 

Power consumption saving can be reduced in baseband due to the corresponding reduction in baseband complexity. 
Cost Reduction:
Compared to CAT-1 reference which already does not support dual-layer transmission, any additional cost saving may come from:

· If not supporting CRS based precoding (TM5 &6), UE does not need to construct the precoded channel for demod. Expected complexity saving may not translate into any significant cost saving in terms of buffer or gate reduction.
· If not supporting DMRS based precoding, UE does not need to perform DMRS based channel estimation. If we assume CAT-1 reference include DMRS processing (either port 5 or port 7-10 or even port 7-14) in addition to CRS processing, we estimate to have ~30% cost saving in the “receiver processing” block which, according to TR36.888 [2], itself counts for 20-35% of baseband cost (which further represents 60% of the total modem cost). Hence a total saving of 3.6-6.3% is expected if no DMRS based channel estimation and processing is supported.      
Note the cost saving is in parallel to the saving from reduction to single antenna. 
2.2. Transmission modes under dual receive antennas
Without considering single receive antenna reduction, all the transmission modes can be supported in theory even for the Cat-1 reference which is still limited to single layer transmission of course. Even for dual-Rx MTC devices, we may not want to support dual-layer transmission. Otherwise we will see a cost increase compared to CAT-1 reference modem. Compared to the single-Rx case discussed previously, similar observations can be made on the need of TM3 and TM4 no matter whether the single layer limitation comes from single-Rx or cat-1 definition. In this case, TM3 is the same with TM2 and TM4 is the same with TM6 with a smaller DCI overhead. Therefore, there is no need to support TM3 or TM4 either.
Proposal #5: Only single-layer transmission is supported even for dual-Rx low-cost MTC devices. TM 3 and TM4 are not needed for reference CAT-1 devices and thus not supported for low-cost MTC. 
Under single-layer assumption, we can discuss these options for transmission modes support:
a. Only support TM1 and TM2.
b. “a” plus CRS based precoding (TM6 or TM5 & 6)
c. “b” plus one or more DMRS based precoding transmission modes (TM7, 8 &, 9) 
Assuming CRS is present, TM1 & 2 can be deemed as baseline transmission modes. All the previous discussion on closed-loop beamforming mode, DMRS or CRS based precoding, and MU support under single-antenna case still applies to the dual-antenna (but single-layer) case here. So proposals #1-#4 are still the same.
 Performance Analysis:

Any modification or optimization of transmission modes is not expected to affect coverage, compared to CAT-1 reference, as long as dual-antenna is still assumed. 

Impact to cell spectral efficiency due to, for example, lack of beamforming, is expected since the transmission is limited to single layer, regardless if it due to single-antenna constraint or not. However, the overall impact of supporting beamforming, including feedback related computation at the UE, DMRS overhead (if any), and sounding overhead & power consumption, also need to be considered. 

Cost Reduction:

Compared to CAT-1 reference which already does not support dual-layer transmission, any additional cost saving that may come from not supporting CRS based precoding or DMRS based precoding is the same as previously analyzed, i.e., 

· Expected complexity saving by removing CRS based precoding may not translate into any significant cost saving in terms of buffer or gate reduction.

· A total saving of 3.6-6.3% can be expected if no DMRS based channel estimation and processing is supported. 
3. Conclusion
In this contribution, we analyzed transmission mode support for MTC devices. We observed that TM 3 and TM4 are not needed for single receive antenna MTC devices.

With respect to cost saving, we observe:
· Expected complexity saving by removing CRS based precoding may not translate into any significant cost saving in terms of buffer or gate reduction.

· A total saving of 3.6-6.3% can be expected if no DMRS based channel estimation and processing is supported. 

We also propose:
Proposal #1: Whether any closed-loop beamforming transmission mode is supported for sporadic small packet delivery may need further consideration, taking into account the feedback overhead and the consumed UL power.
Proposal #2: If closed-loop beamforming is supported, whether both CRS and DM-RS based closed-loop transmission modes are needed for low-cost MTC requires further analysis.
Proposal #3: If DM-RS based transmission mode is supported, only one such DM-RS based mode is enough, preferably based on DM-RS port 7-10.  How to support a single layer transmission mode with a more compact DCI format based on port 7-10 needs further study. 
Proposal #4:  Whether to support closed-loop MU transmission depends on the closed-loop SU transmission mode(s). If MU is supported, it is preferred be supported in a way that does not add UE complexity in either feedback or demodulation compared to closed-loop SU transmission support.  

Proposal #5: Only single-layer transmission is supported even for dual-Rx low-cost MTC devices. TM 3 and TM4 are not needed for reference CAT-1 devices and thus not supported for low-cost MTC. 
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