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1 Introduction
The UE-RS Pattern shown below has been agreed for normal CP for rank upto 8. Some candidates for UE-RS pattern for extended CP are discussed in [1]. One of the key remaining open items related to the UE-RS patterns for normal CP is power allocation for rank beyond 2 and the method of layer to port mapping [2]…[8]. In this contribution we present our views on that and present some initial results highlighting the impact of mismatched pattern (rank 2 / 4 pattern) on interference estimation. We focus here on rank 3 and 4.
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Figure 1: UE-RS pattern for normal CP
2 Layer mapping
The following codeword to layer mapping can be considered for rank upto 4. 
Rank 1 – Group 1- {CW 0 layer 0}

Rank 2 – Group 1- {CW 0 Layer 0, CW 1 Layer 0}

Rank 3 – We could have two options

A. Group 1- {CW 0 Layer 0, CW 1 Layer 0} Group 2 - {CW 0 Layer 1}

B. Group 1- {CW 0 Layer 0} Group 2 - {CW 0 Layer 1, CW 1 Layer 0}

Rank 4 – Group 1-{CW 0 Layer 0, CW 1 Layer 0} Group 2 - {CW 0 Layer 1, CW 1 Layer 1}

Due to the orthogonal multiplexing of 4 layers which continues to remains orthogonal for most Doppler spread of interest there appears to be little difference between inter codeword mapping (Rank 3 Option A) and intra codeword mapping (Rank 3 option C) shown below. Hence such choices are not included in the list above. 
Rank 3 C. Group 1-{CW 0 Layer 0, CW 0 Layer 1} Group 2 - {CW 1 Layer 0}      (intra codeword mapping)
For higher ranks however, since the CDM is over REs which are further away in time, the orthogonality may be lost even at low Doppler and hence the codeword to layer mapping there needs to be studied further. 
For Rank 3, there seems to be little difference between the mapping option A and option B from a single cell point of view. However, in a synchronous network it is possible that a UE that is scheduled using the rank 2 pattern sees interference from a neighbouring eNB that is using the rank 3 pattern. In this case, the interference seen on the pilot tones by the UE when the neighbouring eNB uses option A is different from that seen when the neighbouring eNB uses option B. In option A, the UE observes a rank 2 interferer while in the option B it sees a rank 1 interferer on the pilot tones. 
3 Power Allocation

Another open issue is related to UE-RS power offset over PDSCH power. For rank 1 and 2 (i.e. Rank 1 or 2 DM-RS pattern) the UE can assume a power offset of 0 dB. For rank 3, there have been two proposals which are shown in the figure below. Both options fully utilize the available power. In the 1st option the power per RE is kept the same while in the 2nd option the power offset is chosen to be the same for all layers resulting in different power being utilized on the different pilot REs. For Rank 4 both requirements lead to 3 dB power offset. 
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Figure 2: Power allocation options

The 2nd option of fixed power offset is generally preferred since a) it makes the power offset independent of the rank, b) it enables equal quality channel estimate for all layers which is expected to lead to better performance and c) one power offset makes implementation simpler. Power offset being independent of rank is particularly useful if MU-MIMO is supported using the orthogonal pattern for rank 4 since then the UE can be scheduled with other UEs and just informed of the total overall rank and its antenna ports. It doesn’t need to be informed of the MU-MIMO rank on each RB to compute the corresponding power offset.  However, since the per RE power is different for option B, there could be some impact due to interference variations which is investigated in the next section. 
4 Rank 1 or 2 UE with Rank 3 Interference
In this section we present simple simulations to study the impact of the issues highlighted in section 2 and 3. Four cases can be identified assuming data tones see rank 3 interference and all 3 (data) layers have equal power. 

1. Pilots see rank 2 interference with interference power on pilots = interference power on data

2. Pilots see rank 1 interference with interference power on pilots = interference power on data
3. Pilots see rank 2 interference with interference power on pilots is 4/3 times than seen on data

4. Pilots see rank 1 interference with interference power on pilots is 2/3 times than seen on data
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Figure 3: Rank 2 UE-RS pattern collision with rank 3 UE-RS patterns
We study 2 Rx and 4 Rx UEs. The interference from each layer of the rank 3 interference is modelled as hixi where hi (NRX x 1) is the ith received interference beam and xi represents the data that is modelled as Complex Gaussian with unit norm that changes every RE. The interference seen on data tones is h1x1+h2x2+ h3x3. In this simplified model we assume each element of h is unit norm and uniform distributed and that the hi’s stay the same in an RB and change independently across RBs. Additional simulation parameters are provided in Table 1. 
Table 1: Simulation Assumptions

	Transmission Bandwidth
	5 MHz

	Channel Model
	TU 3 Kmph

	Number of Tx antennas
	4

	Number of Rx antennas
	2 and 4

	Transmission scheme
	Fixed Rank1 

Rank adaptation with max rank 2

	Receiver Type
	MMSE Receiver

	Allocation Size 
	4 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	CQI/Precoding feedback
	Perfect

	Channel Estimation
	UE-RS Based

	Interference Estimation
	UE-RS Based

	HARQ
	6


The simulation results are provided in Fig. 4 to 7. For simulation with 2 Rx UE with fixed rank 1 shown in Fig. 5, the performance with Case 1 and 3 is better than Case 2 and 4. This is expected since in Case 1, 3 the spatial properties of the interference are captured better by the UE-RS. For 2 Rx UE with rank 2, the spatial properties of interference plays a smaller role and we see little difference between all the curves indicating that the performance is not very sensitive to the measured interference level. 
Surprisingly, for the 4 Rx UE Case 3 performs better than Case 1. The interference estimator used for these simulations uses average of the covariance of received signal minus reconstructed pilot which tends to underestimate the interference which would explain the trend.  
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Figure 4: 2 Rx UE, Adaptive Rank 1 / 2
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Figure 5: 2 Rx UE, Fixed Rank 1
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Figure 6: 4 Rx UE, Adaptive Rank 1 / 2
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Figure 7: 4 Rx UE, Fixed Rank 1
5 Conclusions
In this contribution we presented some of our view on the remaining aspects of UE-RS. They are summarized below.

· No preference of inter / intra codeword layer mapping for rank 3, 4.  FFS beyond rank 4.  

· Fixed power offset of 3 dB for rank > 3 preferred since it provides similar channel estimation for all layers and is hence expected to perform better and since it is more conducive to MU-MIMO 

· We noted that the codeword to layer mapping could have an impact on interference estimation when a UE scheduled with the rank 1/2 UE-RS pattern sees rank 3 interference with the agreed rank 3/4 UE-RS pattern. 
· Scheduling the rank 3 pattern such that two layers collide with the rank 2 pattern enables the UE to better estimate the spatial properties of the interference. 
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