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1 Introduction
It was agreed during RAN1#68bis that analysis of cost saving from not supporting spatial multiplexing processing will be treated in TR 36.888 separately from peak data reduction or single RX chain [1].  This contribution offers potential cost savings of not supporting spatial multiplexing and discusses a few observations. Furthermore, this contribution proposes a TP for spatial multiplexing processing reduction.
2 SU-MIMO Support 
In terms of SU-MIMO support, Category-1 UE already supports only single layer which will not support TM 3 and 4 (TM modes supporting SU-MIMO based on CRS) and more than single layer for TM 8 and 9 (TM modes supporting SU-MIMO based on DM-RS). Thus, additional cost saving from not supporting SU-MIMO for a low cost MTC UE is not expected.

3 MU-MIMO Support
According to our analysis, the overhead of MU-MIMO related functions (such as PMI calculation) is about 4-5% of total baseband complexity based on FDD UE implementation. Thus, by removing MU-MIMO, 3% of total cost saving is expected (4-5% of 60% baseband cost). However, removing MU-MIMO leads performance impact such as spectral efficiency and capacity. Particularly, MU-MIMO capability would be very effective for MTC where the population of MTC UEs is high (e.g., 1000 – 10, 000 in a cell). Even though MTC traffic tends to be intermittent, data can be bursty. Thus, handling many UEs at the same time would be useful with the large number of MTC UEs. Comparing the benefits of MU-MIMO to the potential cost saving, we can conclude that it is worthwhile to consider supporting MU-MIMO for a MTC UE. 
In Rel’10, we have three transmission modes supporting MU-MIMO: transmission mode 5, transmission mode 8, and transmission mode 9. Transmission mode 5 supports MU-MIMO using CRS. On the other hand, transmission mode 8 and transmission mode 9 support MU-MIMO using DM-RS. Since DM-RS based operation is not included in the baseline cost analysis in FDD, MU-MIMO through transmission mode 8 and/or transmission mode 9 would incur additional cost. On the other hand, no additional cost increase is expected with DM-RS based MU-MIMO in case of TDD as supporting TM 7 and 8 are mandated for TDD. As supporting both CRS based and DM-RS based MU-MIMO would lead considerable overhead on MTC UE, it would be desirable to support only one type of RS based MU-MIMO. Considering the future releases and possibility of utilizing new carrier type where data demodulation would be based on DM-RS, it would be desirable to support DM-RS based MU-MIMO rather than CRS based even with additional cost. Furthermore, DM-RS based operation is more efficient in terms of RS overhead than CRS based operation.
Proposal 1: DM-RS based MU-MIMO would be supported for a low cost MTC UE.

4 Single-layer Beamforming Support (DM-RS based)

Supporting DM-RS based data demodulation (such as TM 7 and 8) is mandatory for TDD UE and is optional for FDD UE. As our cost analysis is based on FDD, DM-RS based channel estimation was not included in the baseline cost. Thus, no cost saving is expected from not supporting DM-RS based data demodulation. In other words, supporting DM-RS based data demodulation in FDD may increase the total cost of additional complexity. Even with additional cost, single-layer beamforming based on DM-RS would be desirable to be supported when single RX/RF chain cost reduction techniques is applied for a low-cost MTC UE to address the downlink coverage loss. Moreover, as mentioned before, supporting new carrier type would require DM-RS based demodulation. In that perspective, we propose supporting DM-RS based single layer beamforming for a low cost MTC UE. 

In Rel’10 specification, three TMs (namely 7, 8, 9) support single-layer beamforming based on DM-RS. Whether all three TMs are supported or only one or two can be selected is FFS.
Proposal 2: DM-RS based rank 1 precoding is supported.
5 Conclusions

Based on the analysis in FDD, 3% of total cost saving by not supporting MU-MIMO or single layer beamforming is estimated. Additional cost increase may be expected to support DM-RS based data demodulation. However, the benefit of MU-MIMO and single layer beamforming deserves considerations of supporting DM-RS based MU-MIMO and single layer beamforming for a low cost MTC UE.  

Proposal 1: DM-RS based MU-MIMO would be supported for a low cost MTC UE.
Proposal 2: DM-RS based rank 1 precoding is supported.
-------------------------------------------Start text proposal----------------------------------------------------------

6.7
Reduction of supported downlink transmission modes
6.7.1
Description
Based on Category-1 UE, MIMO processing includes MU-MIMO and single-layer beamforming related functionalities. This section analyzes the cost saving by not supporting MU-MIMO and single-layer beamforming.

6.7.2
Analysis/evaluation of performance against requirements 

	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs) 
	Yes

	Minimum data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No (or minimal)

	eNB hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


6.7.2.1
Coverage analysis
Reduction of downlink transmission modes, especially single-layer beamforming, would lead some degradation in coverage of a MTC UE compared to normal LTE UEs. Particularly, if a MTC UE is equipped with single RX/RF chain, supporting beamforming may be essential.
6.7.2.2
Power consumption
Slightly lower power consumption is expected as MIMO related functions such as PMI calculation can be reduced.
6.7.2.3
Impact on specification

Some specification changes to define UE capability (such as supported TMs) related to MTC UE category would be necessary. From RAN1 perspective, no major change is expected.
6.7.2.4
Cell spectral efficiency
Without having MU-MIMO and rank 1 precoding, spectral efficiency degradation is expected. In particular, the special efficiency of cell-edge users would have higher impact. According to some results [2], it has been demonstrated that about 43% spectral efficiency is estimated for cell-edge user without rank 1 precoding. 
6.7.3
Analysis/evaluation of cost reduction
The estimated cost saving is summarized in Table 6.7.3. Note that this is based on FDD UE. 
Table 6.7.3 Relative cost saving estimation for the reduction of spatial multiplexing
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	LG

	RF
	
	

	Power amplifier
	25%-30%
	

	Filters
	5%-10%
	

	RF transceiver

( including LNAs, mixer, and local oscillator)
	40%-50%
	

	Duplexer /Switch
	15%-25%
	

	Other
	0%-10%
	

	Total of RF
	95%-110%
	

	Baseband
	
	

	ADC / DAC 
	10%
	

	FFT/IFFT
	5%
	

	Post-FFT data buffering
	10%-15%
	

	Receiver processing block
	20%-35%
	15% (this includes MIMO specific functions for our analysis)

	Turbo decoding
	5%-15%
	

	HARQ  buffer
	10%-15%
	

	DL control processing & decoder
	5%
	

	Synchronization / cell search block
	10%-15%
	

	UL processing block
	5%-10%
	

	MIMO specific processing blocks
	5%-15%
	

	Other
	0%
	

	Total of Baseband
	90%-110%
	5%

	Overall relative cost savings
	
	3%


As reduction of downlink transmission modes does not offer considerable cost saving whereas the benefits of supporting exiting downlink transmission modes are significant, MU-MIMO and single layer beamforming for a low cost MTC UE shall be allowed. The capability would be more essential when single RX/RF chain is used for a low cost MTC UE where the coverage and spectral efficiency needs to be improved. 
------------------------------------ End of text proposal -----------------------------------------------------------
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