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1 Introduction
In RAN1#59bis, some progress was achieved on the MU-MIMO dimensioning issue as stated in the chairman’s note:

For the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 

Note: Two alternatives are to be studied:

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined

· 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one).

· Note that in any case TM8 will remain specified in Rel-10. 

In this contribution, we discuss and present our views on the two alternatives under further study, hereafter referred to Alt 1 and Alt2:

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 also discuss the motivation to consider another alternative:
Alt 3: 4 orthogonal DM RS ports and 2 scrambling sequence are defined.
2 Discussion of the alternatives
In this section, we discuss the alternatives in details.
2.1 Alt 1: 4 orthogonal DM RS ports and 1 scrambling sequence are defined

For up to 4 layer transmission in total for MU-MIMO transmission, Alt 1 assigns each spatial multiplexing layer to an orthogonal DM RS (in code and frequency domain). DM RS port 0, 1, 2, 3 are available for MU-MIMO assignment as shown in Figure 1.
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Figure 1: 4 orthogonal DM RS ports
The set of DM RS port {0, 1} constitutes CDM group 1 and the set of DM RS port {2, 3} constitutes CDM group 2. The question of interest is how the DM RS ports should be assigned to MU-MIMO UEs. We consider the following scenarios:

Scenario A: 1 layer for each UE (total of 3 or 4 UEs)
When there are 3 or 4 UEs and each UE is of 1 layer, the assignment is straightforward, e.g. {UE 1: DM RS port 0}, {UE 2: DM RS port 1}, {UE 3: DM RS port 2}, {UE 4: DM RS port 3}.
Scenario B: 1 layer for each UE (total of 2 UEs)

When there are only 2 UEs and each UE is of 1 layer, two approaches can be considered. The first approach separates the 2 UEs in frequency domain, e.g. {UE 1: DM RS port 0}, {UE 2: DM RS port 2}. The second approach separates the 2 UEs in code domain, e.g. {UE 1: DM RS port 0}, {UE 2: DM RS port 1}.
The performance difference of the two approaches is expected to be dominated by the difference in DM RS overhead. If the UE is informed of the actual assignment, the benefit of the second approach is the smaller DM RS overhead compared to the first approach, which can translate to significantly higher throughput (~9.09% assuming 3 control symbols and no CRS in the PDSCH region).
In case of multiplexing 2 UEs of 1 layer each, separating the UEs in the code domain and providing the necessary signalling to indicate there exists only 12 REs for DM RS to the UEs is beneficial for better throughput performance.
Scenario C: 2 layers for each UE (total of 2 UEs)
When each UE is assigned 2 layers and there are a total of 2 UEs, two approaches can be considered. The first approach is to separate the two UEs in the frequency domain, e.g. {UE 1: DM RS port 0, 1}, {UE 2: DM RS port 2, 3}. The main advantage of the first approach is to reduce the inter-UE interference for improved channel estimation performance.

The second approach is to separate the two UEs in the code domain, e.g. {UE 1: DM RS port 0, 2}, {UE 2: DM RS port 1, 3}. This approach can result in more severe inter-UE interference for channel estimation. Furthermore, it is not backward compatible with Rel-9. However, it may have the advantage of reduced inter-codeword interference for channel estimation for each UE which can be beneficial for SIC receiver [2], although the net gain of this approach especially taking into account the inter-UE interference is unclear.
In case of multiplexing 2 UEs of 2 layers each, we prefer to separate the DM RSs of the UEs in the frequency domain.
Scenario D: Mix of 1-layer and 2-layer UEs (total of 2 or 3 UEs)
When there is a mix of 1-layer and 2-layer UEs, there are also two approaches. The first approach separates the 2-layer UE from the two 1-layer UEs in the frequency domain, e.g. {UE 1: DM RS port 0, 1}, {UE 2: DM RS port 2}, {UE 3: DM RS port 3}. The second approach separates the two codewords of the 2-layer UE in the frequency domain before assigning the rest of the DM RS ports to the 1-layer UEs, e.g. {UE 1: DM RS port 0, 2}, {UE 2: DM RS port 1}, {UE 3: DM RS port 3}. 
In case of multiplexing mix of 1-layer and 2-layer UEs, we prefer separating the DM RSs of the 2-layer UE from the DM RSs of the one/two 1-layer UEs in the frequency domain. This is consistent with our preference in the case of 2-layer for each UE.
2.2 Alt 2: 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9
For Alt 2, two orthogonal DM RS ports constitute a single CDM group as shown in Figure 2. Only 12 REs are used for DM RS, compared to 24 REs in general for Alt 1.
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Figure 2: 2 orthogonal DM RS ports

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 when multiplexing more than 2 UEs or multiplexing UEs with more than 1 layer.
2.3 Comparison of Alt 1 and Alt 2
In this section, we compare Alt 1 and Alt 2.
2.3.1 Throughput performance

The advantage of Alt 1 compared to Alt 2 is clearly the better channel estimation performance due to reduced inter-layer interference, whereas the advantage of Alt 2 compared to Alt 1 is the smaller DM RS overhead. In general, which alternative is better in terms of PDSCH performance cannot be determined easily as it depends heavily on the beamforming algorithm used at eNB, which is implementation-specific, as well as the quality of CSI information available at the eNB, of which the discussions is still on-going in RAN1. 
Further study on throughput performance is required if only one of alternatives is to be standardised.
2.3.2 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 wholly 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, 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 below. Furthermore, the 1-bit scrambling ID is not needed for Alt 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. 
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

	4 bit signalling

(Alt 1)
	Interpretation

	
	SU/MU-MIMO scheme
	# layers assigned to the UE
	DM RS port assignment
	DM RS  pattern/overhead

12
	DM RS power offset with respect to data power


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

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

	0010
	SU-MIMO
	2
	Port {0,1}
	12
	0 dB

	0011
	SU-MIMO
	3
	Port {0,1,2}
	24
	3 dB

	0100
	SU-MIMO
	4
	Port {0,1,2,3}
	24
	3 dB

	0101
	SU-MIMO
	5
	Port {0,1,2,3,4}
	24
	3 dB

	0110
	SU-MIMO
	6
	Port {0,1,2,3,4,5}
	24
	3 dB

	0111
	SU-MIMO
	7
	Port {0,1,2,3,4,5,6}
	24
	3 dB

	1000
	SU-MIMO
	8
	Port {0,1,2,3,4,5,6,7}
	24
	3 dB

	1001
	SU/MU-MIMO
	1
	Port 0
	24
	3 dB

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

	1011
	SU/MU-MIMO
	1
	Port 2
	24
	3 dB

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

	1101
	SU/MU-MIMO
	2
	Port {0,1}
	24
	3 dB

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

	1111
	Reserved


2.4 Alt 3: 4 orthogonal DM RS ports and 2 scrambling sequence are defined
In this section, we discuss another possible alternative, Alt 3: “4 orthogonal DM RS ports and 2 scrambling sequence are defined”. 
This alternative was precluded in RAN1#59bis because this alternative can in principle support a total of 8-layer transmission for MU-MIMO, which is deemed not in line with the agreement of multiplexing no more than 4 layers at the eNB for MU-MIMO. However, Alt 3 may be useful for providing additional scheduler flexibility and hence can improve MU-MIMO capacity while not violating the agreement of multiplexing no more than 4 layers at the eNB for MU-MIMO for each resource block. This is illustrated in Figure 3 below. The scenario in Figure 3 shows that it would not be possible to schedule UE 3 to its preferred Resource Block Groups (RBGs), which partially overlap with UE 1 and UE 2, using Alt 1 or Alt 2, but it is possible to schedule UE 3 with Alt 3. Note that no more than 4 layers are multiplexed by the eNB in each RBG. 
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Figure 3: Illustrating the benefit of Alt 3
In our view, the MU-MIMO dimensioning agreement in RAN1#59bis was meant to be a guideline for downlink signaling and DM RS design, as such Alt 3 should not be ruled out if it is proven to provide other benefits.
In terms of the downlink signaling, the design example in Table 1 can also be used for Alt 3. In additional, one-bit scrambling ID is also required. Compared to Alt 1 and Alt 2, the overhead is only one bit, which is insignificant. 
We propose to consider also Alt 3: 4 orthogonal DM RS ports and 2 scrambling sequence are defined due to the potential benefit to improve scheduler’s flexibility and to improve MU-MIMO capacity. The signaling overhead compared to Alt 1 and Alt 2 is only one bit, which is insignificant.
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

Our views on Alt 1 can be summarised as follows:
· In case of multiplexing 2 UEs of 1 layer each, separating the UEs in the code domain and providing the necessary signalling to indicate there exists only 12 REs for DM RS to the UEs is beneficial for better throughput performance.
· In case of multiplexing 2 UEs of 2 layers each, we prefer to separate the DM RSs for UEs in the frequency domain.

· In case of multiplexing mix of 1-layer and 2-layer UEs, we prefer separating the DM RSs of 2-layer UE from the DM RSs of the one/two 1-layer UEs in the frequency domain.
Comparison of Alt 1 and Alt 2 is summarised below:

	
	Advantages
	Disadvantages

	Alt 1
	1. Better channel estimation performance due to lesser inter-layer or inter-UE interference.

2. Same signalling overhead as Alt 2.
	1. DM RS overhead is larger (24 REs) if more than 2 layers in total is to be multiplexed at the eNB.


	Alt 2
	1. Smaller DM RS overhead (12 REs).

	1. Worse channel estimation performance due to higher inter-layer or inter-UE interference.


As analysed in Section 2.3.2, the signalling overhead of Alt 1 and Alt 2 is the same. In our view, throughout performance should be the deciding factor if only one of the alternatives is to be standardised.
Finally, we also propose to consider “Alt 3: 4 orthogonal DM RS ports and 2 scrambling sequence are defined” due to the potential benefit to improve scheduler’s flexibility and to improve MU-MIMO capacity. Compared to Alt 1 and Alt 2, the overhead is only one bit, which is insignificant. 
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� We assume the DM RS power allocation principle of same power offset for all ports, which is our preference as stated in � REF _Ref257032627 \n \h ��[3]�. 





