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1. Introduction

In RAN4 #44bis meeting in Shanghai, several sets [1] were agreed as UE demodulation simulation assumptions including SIMO, transmit diversity and spatial multiplexing. In this assumptions, only zero-delay CDD was considered as a simulation assumption for spatial multiplexing due to some demands of clarification for CDD modes. From RAN1 LS response [3] related to antenna timing misalignment, it was clarified that the small-delay sample in CDD precoding could not be replaced by uncoordinated antenna timing misalignment values and the cyclic delay should be UE specific in order not to hurt wideband precoding performance. In addition, it was also clarified that the timing-misalignment is not harmful for the large-delay CDD since it operates on the virtual antenna domain with sufficient large-delay sample. Therefore, all spatial multiplexing modes with CDD should be considered as a UE demodulation simulation assumption.

In the LTE system, three different spatial multiplexing (SM) modes including zero/small-delay CDD and large-delay CDD are available and each mode can provide performance gain under a specific channel and system scenarios. Therefore, it is worthwhile to include small- and large-delay CDD in the UE demodulation simulation assumptions without significant increment of the test cases. In [1], it was agreed to have simulation sets 5 and 6 which include the UE demodulation assumption on the multiple transmit antenna case for zero-delay CDD. In this document, it is proposed to take small- and large-delay CDD into account in the UE demodulation assumption by simply extending the agreed simulation sets 5 and 6 in condition that unnecessary test cases should be precluded for each SM mode.
2. Spatial Multiplexing Simulation Assumptions
      Agreed simulation set 5 and set 6 in [1] for multiple transmit antennas are shown as follows:

Simulation Set 5, Spatial Multiplexing SCW

Common Assumptions

· MIMO 2x2

· 3dB power boosting on reference symbols, where the assumption is that the UE has a-priori knowledge of this reference symbol power level

· Full BW ie all RBs

· 10MHz BW

· Precoding vector feedback at 2ms
· Single stream

· 64QAM rate 3/4

· Receiver MRC

Sim16: EVA5Hz precoding vector feedback per 50RBs

Sim17: EVA5Hz precoding vector feedback per 5RBs

Sim18: EPA5Hz precoding vector feedback per 50RBs

Sim19: ETU70Hz precoding vector feedback per 5RBs

Simulation Set 6, Spatial Multiplexing MCW

Common Assumptions

· MIMO 2x2

· 3dB power boosting on reference symbols, where the assumption is that the UE has a-priori knowledge of this reference symbol power level

· Full BW i.e. all RBs

· 10MHz BW

· Precoding vector feedback at 2ms

· Two codewords

· 64QAM rate 3/4

· Receiver MMSE 

Sim20: EPA5Hz precoding vector feedback per 50RBs

In the agreed simulation sets 5 and 6 shown above, two types of frequency granularity for precoding were defined such as fine frequency granularity (i.e., 5RBs) for obtaining frequency selective precoding gain and coarse frequency granularity (i.e., 50RBs) as a wideband precoding. However, fine frequency granularity is only defined for SCW since the precoding benefit can be seen when the spatial multiplexing rate is less than the number of transmit antennas. As a summary, table 1 shows the spatial multiplexing simulation sets mentioned in [2].
Table 1. PDSCH requirements for 2TX spatial multiplexing [2]
	PDSCH Case #
	Configuration
	Precoding FD granularity
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	Sim16
	SCW
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EVA5
	Low

	Sim17
	SCW
	5   PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EVA5
	Low

	Sim18
	SCW
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EPA5
	Low

	Sim19
	SCW
	5   PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	ETU70
	Low

	Sim20
	MCW
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EPA5
	Low


Before we proceed to discuss the additional simulations for CDD, we note that in RAN1#51b it was decided that large-delay CDD will operate without PMI feedback. Therefore, the simulation set 6 is slightly revised to simulation 6A below for spatial multiplexing MCW cases:

Simulation Set 6A, Spatial Multiplexing MCW

Common Assumptions

· MIMO 2x2

· 3dB power boosting on reference symbols, where the assumption is that the UE has a-priori knowledge of this reference symbol power level

· Full BW i.e. all RBs

· 10MHz BW

· Precoding vector feedback at 2ms for zero- and small-delay CDD, no precoding vector feedback for large-delay CDD.  
· Two codewords

· 64QAM rate 3/4

· Receiver MMSE 

The small-delay CDD precoding can increase frequency scheduling gain in combination with fine frequency granularity of precoding and it should be turned off when the wideband precoding is used. Therefore, it is appropriate to simulate small-delay CDD only under fine precoding frequency granularity and zero-delay and large-delay CDD seems to be assumed for the wideband precoding in order to minimize test cases. In addition, the large delay CDD is only defined for higher rank case (MCW) in TS36.211, thus it is not needed to simulate the large-delay CDD with SCW assumption. By taking these into account, we can finalize the UE demodulation assumptions in 2Tx by assuming two additional simulation cases shown in table 2.
Table 2. Additional PDSCH requirements for 2TX spatial multiplexing with CDD
	PDSCH Case #
	Configuration
	Precoding FD granularity
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	Sim21
	SCW
Small CDD
	5   PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EPA5
	Low

	Sim22
	MCW
Large CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	EVA70
	Low


In 4Tx antenna case, it is well known that the significant precoding benefit can be obtained even under the MCW case since the beamforming gain is easily obtained if the number of layer is smaller than the number of transmit antennas. Therefore, it is recommended to consider small precoding frequency granularity (i.e., 5RBs for precoding index feedback) for both SCW and MCW in 4Tx. In addition, there are 3 possibilities in 4Tx MCW such as layer 2 MCW, layer 3 MCW and layer 4 MCW. Therefore, in order not to increase number of test cases significantly, we propose following PDSCH requirements for 4Tx spatial multiplexing with all CDD modes.
Table 3. Additional PDSCH requirements for 4TX spatial multiplexing with CDD
	PDSCH Case #
	Configuration
	Precoding FD granularity
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel 
model
	Correlation

	Sim23
	SCW

Zero CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	Sim24
	SCW

Small CDD
	5 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	Sim25
	MCW
2 layers

Zero CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	Sim26
	MCW
2 layers

Small CDD
	5 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	Sim27
	MCW
2 layers

Large CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EVA70]
	Low

	Sim28
	MCW
4 layers
Zero CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EPA5]
	Low

	Sim29
	MCW
4 layers
Large CDD
	50 PRB
	10 MHz
	50PRB’s
	64QAM
	¾
	[EVA70]
	Low


3. Conclusions

In this document, we discussed the PDSCH requirement scenarios on multiple transmit antenna case especially focusing on the spatial multiplexing mode with CDD. In addition, we recommended considering some more spatial multiplexing scenarios for 2Tx and 4Tx. Although all the possible transmission case can be simulated, the number of simulation case should be minimized in order not to waste time for evaluating unnecessary cases. Thus, this document only considers following cases:

· Fine frequency granularity for precoding (5RBs) is only assumed for small-delay CDD precoding.

· Small-delay CDD always provides frequency selective precoding gain.

· All RB granularity for precoding (i.e., wideband precoding) is only assumed for zero-delay CDD in SCW.

· Small-delay CDD should be turned off when the wideband precoding is activated.

· Large-delay CDD is not defined for SCW.
Therefore, we propose to consider Table 2 and Table 3 as a UE demodulation simulation assumption in order to take all SM modes into account.
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