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1 Introduction
Two way forward proposals on the use of DM RS ports / scrambling sequences for MU-MIMO are currently under discussion [1]

 REF _Ref264443761 \r \h 
[2]. In this contribution, we present our views on the two alternatives under further study on the use of DM RS ports / scrambling sequences for MU-MIMO:

Alt 1: 4 orthogonal DM RS ports and 1 scrambling sequence are defined

Alt 2: 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9
2 Discussion 
In this section, we discuss the alternatives.
2.1 Alt 1 and Alt 2
For up to 4 layer transmission in total for MU-MIMO transmission, Alt 1 assigns each spatial multiplexing layer to an orthogonal DM RS.

There are two patterns proposed by companies for Alt1:

Alt 1-1: FDM + CDM with OCC length of 2 as shown in Figure 1(a)
Alt 1-2: CDM with OCC length of 4 as shown in Figure 1(b)
Alt 1-1 has higher RS overhead compared to Alt 1-2 but it may provide better performance for high Doppler scenarios.  
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Figure 1: 4 orthogonal DM RS ports: (a) Alt 1-1 and (b) Alt 1-2
For Alt 2, two orthogonal DM RS ports constitute a single CDM group as shown in Figure 2. The DM RS ports mapping to MU-MIMO UEs can be done according to the Rel-9 method. The main concern of Alt 2 is the potentially severe inter-layer or inter-UE interference for channel estimation.
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Figure 2: 2 orthogonal DM RS ports (Alt 2)
2.2 Comparison of Alt 1 and Alt 2
In this section, we compare Alt 1 and Alt 2.
2.2.1 Downlink signalling

Regardless of Alt 1 or Alt 2, it is expected that a new DCI format will be necessary, in the sense that reusing existing DCI formats is not possible. The need for new DCI format for Alt 1 is obvious. A new DCI format is also needed for Alt 2 despite its similarity with Rel-9, due to the requirement to support up to 8-layer SU-MIMO signalling in the same transmission mode. 

Despite the different design principles, there can actually be no difference in terms of the downlink signalling overhead between Alt 1 and Alt 2. To illustrate, assuming Rel-9 dual-layer beamforming signalling design is reused for Alt 2, then 3 additional bits to DCI Format 2B are required to provide the capability to indicate up to 8-layer SU-MIMO. 

For Alt 1-1, we can show that only 4 bits are needed to provide the necessary signalling to indicate the number of layers assigned to the UE, the DM RS pattern/overhead, the DM RS port assignment as well as the DM RS power offset with respect to the data power for full PA utilisation. An example design is provided in Table 1 REF _Ref257029667 \h 
 \* MERGEFORMAT  below. Furthermore, the 1-bit scrambling ID is not needed for Alt 1-1 and therefore can be removed from the DCI format. Hence, the net increase in signalling overhead is also only 3 bit for Alt 1-1.  Similarly, it can be shown that the net increase in number of bits for Alt 1-2 is also 3.

We conclude that in terms of downlink signalling overhead, Alt 1 and Alt 2 is the same.

Table 1: A signalling design example for Alt 1-1

	4 bit signalling

(Alt 1-1)
	Interpretation

	
	SU/MU-MIMO scheme
	# layers assigned to the UE
	DM RS port assignment
	DM RS  pattern/overhead
	DM RS power offset with respect to data power

	0000
	SU/MU-MIMO
	1
	Port 7
	12
	0 dB

	0001
	SU/MU-MIMO
	1
	Port 8
	12
	0 dB

	0010
	SU-MIMO
	2
	Port {7,8}
	12
	0 dB

	0011
	SU-MIMO
	3
	Port {7,8,9}
	24
	3 dB

	0100
	SU-MIMO
	4
	Port {7,8,9,10}
	24
	3 dB

	0101
	SU-MIMO
	5
	Port {7,8,9,10,11}
	24
	3 dB

	0110
	SU-MIMO
	6
	Port {7,8,9,10,11,12}
	24
	3 dB

	0111
	SU-MIMO
	7
	Port {7,8,9,10,11,12,13}
	24
	3 dB

	1000
	SU-MIMO
	8
	Port {7,8,9,10,11,12,13,14}
	24
	3 dB

	1001
	SU/MU-MIMO
	1
	Port 7
	24
	3 dB

	1010
	SU/MU-MIMO
	1
	Port 8
	24
	3 dB

	1011
	SU/MU-MIMO
	1
	Port 9
	24
	3 dB

	1100
	SU/MU-MIMO
	1
	Port 10
	24
	3 dB

	1101
	SU/MU-MIMO
	2
	Port {7,8}
	24
	3 dB

	1110
	SU/MU-MIMO
	2
	Port {9,10}
	24
	3 dB

	1111
	Reserved


2.2.2 Throughput performance

The advantage of Alt 1 compared to Alt 2 is the better channel estimation performance due to reduced inter-user interference for 4-layer transmission.  Alt 1 can also allow the UE to estimate the channels of the interfering UE(s), thereby allowing interference suppression/rejection at the UE. The advantage of Alt 2 compared to Alt 1-1 is the smaller DM RS overhead, whereas the advantage of Alt 2 compared to Alt 1-2 is the better performance at high Doppler environment.
When evaluating the performance of the alternatives, UE with 2 receive-antennas should be prioritised since it is the baseline for LTE Rel-10. Most companies have shown small or modest gain for certain scenarios for Alt 1 assuming UE receiver with interference suppression capability compared to Alt 2 [3]
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[8]. Assuming the number of layers transmitted by the eNB is 4, the contribution in [4] showed that for a typical deployment scenario for MU-MIMO, Alt 2 outperforms Alt 1-1 at low to mid SNR range but there is some gain for Alt 1-1 over Alt 2 at high SNR; however, when taking into account also dynamic SU/MU-MIMO switching, the benefit of Alt 1-1 becomes questionable. The contribution in [3] showed that there is only very small system level gain for Alt 1 compared to Alt 2. On the other hand, a couple of contributions in particular [5] [6] showed large gains for Alt 1 compared to Alt 2.
In this contribution, we present simulation results for a different UE receiver structure. We investigate the link level performance gain of a 2-RX UE with a (Maximum Likelihood Detector) MLD receiver and a spatial whitening filter compared to a 2-RX UE with a MLD receiver but without a spatial whitening filter. The spatial whitening filter is derived through channel estimation of the interfering signals which is possible for Alt 1, but not for Alt 2. Our aim is to investigate the potential gain from allowing the interfering channel to be estimated by the UE for the purpose of spatial whitening. We assume Alt-1-1 for both types of receivers in our simulation so the quality of the UE’s own channel is the same. There are two MU-MIMO UEs, each equipped with 2 RX antennas and each is assigned a fixed rank-2 transmission. Detailed simulation assumptions can be found in the appendix. Figure 3 shows that the gain from spatial whitening is insignificant from low to mid SNR range whereas the gain at high SNR is only modest (5.5% throughput gain at SNR of 25dB).
From the viewpoint of standardisation impact, in particular to RAN4 work and schedule, Alt 1 clearly has much greater impact. With Alt 2, Rel-9 dual-layer beamforming performance requirements can be reused for Rel-10. Due to the short Rel-10 time frame, it is desirable to minimise the standardisation impact so that Rel-10 specifications can be completed in time. From this point of view, Alt 2 is preferred.
Considering the standardisation impact as well as the only small or modest performance gains for Alt 1 presented by most companies and our result, we recommend Alt 2 for Rel-10 MU-MIMO, i.e. 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9.
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Figure 3: Throughput performance comparing UEs with and without spatial whitening filter

3 Conclusions
In this contribution, we discussed the two alternatives of DM RS assignment for MU-MIMO currently under study in RAN1. 
Alt 1: 4 orthogonal DM RS ports and 1 scrambling sequence are defined

Alt 2: 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9
We showed that signalling overhead of Alt 1 and Alt 2 is the same and hence should not be a deciding factor between Alt 1 and Alt 2.

We reviewed the performance evaluation results comparing Alt 1 and Alt 2 by various companies and found that most companies showed only small or modest gains for Alt 1 compared to Alt 2. 
We also studied the potential gain of Alt 1 from a different perspective by investigating the link-level performances of UEs equipped with MLD receivers; in particular we compare the performances with and without a spatial whitening filter prior to the MLD. We assumed that the spatial whitening filter is derived from the channel estimates of the interfering signals which is only possible with Alt 1. We showed that there is insignificant gain from low to mid SNR range with such a spatial whitening filter whereas only a modest gain (5.5%) is achievable at high SNR.
However, Alt 1 incurs much greater standardisation effort compared to Alt 2. Considering the short Rel-10 time frame, it is desirable to minimise the standardisation impact so that Rel-10 specifications can be completed in time.

Based on the above, we recommend that for Rel-10 MU-MIMO, 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9.
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5 Appendix – Simulation assumptions
	Parameter
	Assumption

	Transmission bandwidth
	20MHz

	Channel model
	EPA

	Antenna configuration
	4 x 2, Medium correlation

	CP
	Normal

	PDCCH configuration
	1 OFDM symbol

	DM RS pattern
	Alt 1-1

	Channel coding
	Turbo coding

	Number of MU-MIMO UEs
	2

	Terminal speed
	3 km/h

	Transmission rank
	Fixed at 2 per UE

	MCS
	fixed

	Number of allocated PRB-pairs
	100 RBs

	Receiver
	MLD

	Channel estimator
	Real channel estimator

	HARQ
	Off

	Precoding
	MMSE

	Precoding delay
	5 ms

	CSI-RS channel estimation
	Real channel estimator

	CSI-RS  transmission period
	2 ms

	CSI feedback
	Explicit feedback
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