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1 Introduction
The Rel-13 MTC WID [1] has an objective to introduce a capability of reduced support for downlink transmission modes in the new UE. In [2] we have discussed by what philosophy DL TMs and CQI reporting modes could be eliminated. In this contribution we consider some performance aspects of TM reduction and the options in the RS overhead requirements this leads to.
2 Overhead
One impact to the system of not supporting a particular set of TMs possibly not needing to transmit the RS used to demodulate PDSCH in those TMs. In Table 1, the overhead from CRS and DM-RS for PDSCH is summarized (for FDD normal cyclic prefix). There is no additional RE overhead from adding more than 4 DM-RS ports due to CDM of the DM-RS. Note that there would also be CSI-RS overhead if TM9 or TM10 is used.
Table 1: REs per PRB pair overhead from transmitting CRS, DM-RS, or CRS and DM-RS.

	
	0 DM-RS
	Port 5
	Ports 7+8
	Ports 7-10
	Ports 7-14
	

	0 CRS
	
	12 (7.1%)
	12 (7.1%)
	24 (14.3%)
	24 (14.3%)
	( DM-RS

only

	1 CRS
	8 (4.8%)
	20 (11.9%)
	20 (11.9%)
	32 (19.0%)
	32 (19.0%)
	

	2 CRS
	16 (9.5%)
	28 (16.7%)
	28 (16.7%)
	40 (23.8%)
	40 (23.8%)
	

	4 CRS
	24 (14.3%)
	36 (21.4%)
	36 (21.4%)
	48 (28.6%)
	48 (28.6%)
	

	
	↑ CRS only
	
	
	
	
	


DM-RS only overhead is lower than CRS-only in the case of using only antenna port 5 or ports 7+8. For more than two DM-RS ports it requires at least as many REs as the same number of ports of CRS. For CRS, overhead could possibly be saved by removal however other ways of obtaining PBCH or performing measurements (e.g., DRS) would need to be considered, as well as impacts on legacy UEs. 
It is important to consider carefully what RS support is needed, and in fact the impact on the network from not being able to use a particular (set of) TMs should be considered in conjunction with the benefit to the UE of reduced modem complexity.
In Rel-12, TM6 was used as a relevant DM-RS mode to compare to TM2, a relevant CRS mode, where we previously presented these simulation results [3]. The relative performance gains (including cell average SE and cell edge SE) of TM6/8 compared to TM2 for FDD and TM7 compared toTM2 for TDD are shown in Table 2 using the simulation assumptions listed in Table A of [3]. See also other companies results included for completeness in the Appendix.
As shown in Table 2, for FDD, compared to TM2, the cell average gain of TM6/8 is minimal, and some cell edge gain can be obtained at the cost of increasing PMI feedback overhead and complexity. For TDD case, both the cell average and cell edge of TM7 are superior to that of TM2. Power consumption would also be improved. However, the handling of UL traffic may be more significant than DL traffic for some MTC applications.
Table 2: Performance gain of TM6 and TM7 vs. TM2

	
	Cell average throughput
	Cell edge throughput

	FDD: TM6/8
	3.69%
	15.8%

	TDD: TM7
	18%
	46.3%


Observation 1:
RAN1 needs to consider the benefit for UE complexity and the impact to the network of LC MTC UEs supporting or not supporting TMs.

3 Conclusions
This contribution has discussed the performance and overhead tradeoffs in considering TM reduction or reduced support for RS in the LC MTC UE. There are overhead and complexity benefits in reducing TM support, but there are attendant performance impacts that need to be considered also. Therefore we make the following observation:
Observation 1:
RAN1 needs to consider the benefit for UE complexity and the impact to the network of LC MTC UEs supporting or not supporting TMs.
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Appendix

For reference, here we include Table 6.7.2.4 from TR36.888.

	
	Cell average
	Cell edge

	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 
	Source 2
	Source 3
	Source 4
	Source 5

	FDD:

TM6
	3.69%
	NA
	21%
	20%
(2Tx)

40%

(4Tx)
	16.6%
(2Tx)

33.1%
(4Tx)
	15.8%
	NA
	41%
	35%
(2Tx)

63%
(4Tx)
	41%
(2Tx)

82.9%

(4Tx)

	TDD: 
TM7
	18% (4Tx2Rx)
	15.4%
(8Tx1Rx)
	10%
(8Tx2Rx)
	NA
	NA
	46.3%
	43%
	26%
	NA
	NA








