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1 Introduction
In RAN1#58bis, it was observed that the following issues for MU-MIMO remain open:

· Dynamic vs. non-dynamic SU-MU switching

· Transparent vs. non-transparent MU-MIMO

· If non-transparent, what DL signalling is to be provided to the UE

· antenna port indications

· other…

· Feedback (CSI) enhancement for MU-MIMO

· enhancements to feedback codebooks

· other…

· Number of layers per MU-MIMO UE

· 1, 2, …

· Number of supported co-scheduled MU-MIMO UEs

· 4, 8, unspecified…

One of the many discussion points for the above issues has been the downlink control signalling overhead and the scheduler’s complexity that may be incurred by adopting any of the above design options. In this contribution, we discuss the downlink control signalling support that can allow for

· Dynamic SU-MU switching 

· Transparent MU-MIMO with single control signalling format for both SU and MU-MIMO

· More than one layer per MU-MIMO UE

· Flexible number of supported co-scheduled MU-MIMO UEs

We will argue that there is a need to signal the ratio of DM-RS EPRE and PDSCH EPRE, in order to maintain full power utilisation at the eNB.
Finally, we also propose that non-transparent MU-MIMO signalling should be considered for advanced UE that has the interference cancellation/suppression capability. 

2 Control signalling issues for SU/MU-MIMO 

2.1 DM-RS ports indication

In RAN1#58, the DM-RS pattern for up to two transmission layers was agreed [1] and is shown in Figure 2 in the Appendix, which uses a CDM approach in multiplexing the DM-RSs of the two layers. In RAN1#58bis, a baseline DM-RS pattern for rank 3-4 (normal subframe) was agreed which uses a hybrid CDM and FDM approach as shown in Figure 3 in the Appendix. The DM-RS pattern design for more than 4 transmission layers is still an open issue in RAN1, but hybrid CDM and FDM design has been agreed as the baseline [2].
One of the control signaling issues for SU/MU-MIMO is the signaling of the set of DM-RS ports that the UE should assume for channel estimation and demodulation. 

In case of SU-MIMO, signaling the rank is sufficient for the UE to identify which DM-RS ports exist in the RBs assigned to the UE by assuming the DM-RS ports assigned are always the lower indices first, e.g. if the rank = 3, the DM-RS ports assigned can be assumed to be port 0, 1, 2. However, in the case of MU-MIMO where the multiplexed UEs are assigned orthogonal DM-RS ports, relying on rank signaling will no longer be sufficient.
A key design principle agreed for Rel-9 dual-layer beamforming is the dynamic indication of DM RS port in case of rank 1 transmission [6]. This can be extended to support SU/MU-MIMO for LTE-A. In particular, it seems reasonable to allow the UE to be informed the set of DM-RS ports that are assigned to it. For example, if rank=1, the assigned DM-RS port index is signalled. For rank>1, we can assume further that only consecutively indexed DM-RS ports can be assigned to a UE, then only the smallest DM-RS port index needs to be signalled apart from the rank. This has also been proposed previously in [5].
Assuming index wrap around is possible, Table 2‑1 shows an example of how the assignment of the DM-RS ports can be interpreted by the UE given the rank and the DM-RS port index that are signalled to the UE. 

Table 2‑1: Assignment of DM-RS ports given the signalled rank and DM-RS port index

	Rank (signalled)
	DM-RS port index (signalled)

	
	0
	1
	2
	3
	4
	5
	6
	7

	1
	0
	1
	2
	3
	4
	5
	6
	7

	2
	0,1
	1,2
	2,3
	3,4
	4,5
	5,6
	6,7
	7,0

	3
	0,1,2
	1,2,3
	2,3,4
	3,4,5
	4,5,6
	5,6,7
	6,7,0
	7,0,1

	4
	0,1,2,3
	1,2,3,4
	2,3,4,5
	3,4,5,6
	4,5,6,7
	5,6,7,0
	6,7,0,1
	7,0,1,2

	5
	0,1,2,3,4
	1,2,3,4,5
	2,3,4,5,6
	3,4,5,6,7
	4,5,6,7,0
	5,6,7,0,1
	6,7,0,1,2
	7,0,1,2,3

	6
	0,1,2,3,4,5
	1,2,3,4,5,6
	2,3,4,5,6,7
	3,4,5,6,7,0
	4,5,6,7,0,1
	5,6,7,0,1,2
	6,7,0,1,2,3
	7,0,1,2,3,4

	7
	0,1,2,3,4,5,6
	1,2,3,4,5,6,7
	2,3,4,5,6,7,0
	3,4,5,6,7,0,1
	4,5,6,7,0,1,2
	5,6,7,0,1,2,3
	6,7,0,1,2,3,4
	7,0,1,2,3,4,5

	8
	0,1,2,3,4,5,6,7
	0,1,2,3,4,5,6,7
	0,1,2,3,4,5,6,7
	0,1,2,3,4,5,6,7
	0,1,2,3,4,5,6,7
	0,1,2,3,4,5,6,7
	0,1,2,3,4,5,6,7
	0,1,2,3,4,5,6,7


Proposal 1: Only consecutively indexed DM-RS ports can be assigned to a UE and only the smallest DM-RS port index needs to be signalled. This can be done for both SU and MU-MIMO.
2.2 DM-RS-ERPE-to-PDSCH-EPRE ratio

A consequence of using a CDM+FDM multiplexing method for DM-RS of more than two layers and maintaining full power utilisation at the eNB at the same time is that the ratio of DM-RS EPRE and PDSCH EPRE can vary depending on the scheduler’s decision, potentially for each subframe. This issue was also discussed in [3].
For example, if a UE is assigned rank 1 with DM-RS port 0, at least the following two scenarios are possible (illustrated in Figure 1):

1. If there is only one transmission layer used by the eNB in an RB, then the ratio of the DM-RS EPRE and PDSCH EPRE is 1 and the number of DM-RS REs in the RB is 12. This is an example of SU-MIMO scenario.

2. If the total number of transmission layers used by the eNB in an RB is 2, and DM-RS port 2 is assigned to another UE, then assuming equal power assignment for the two layers, the ratio of the DM-RS EPRE and PDSCH EPRE is 2 and the number of DM-RS REs in the RB is 24. This is an example of MU-MIMO scenario with two UEs.
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Figure 1: DM-RS-to-PDSCH power ratio for SU-MIMO and MU-MIMO
Clearly, other scenarios are possible depending on how the DM-RS ports are assigned to the UEs. 

We refer to the group of DM-RS ports: port 0, port 1, port 4 and port 5, as DM-RS CDM group 1, and port 2, port 3, port 6 and port 7 as DM-RS CDM group 2. The ratios of DM-RS EPRE and PDSCH EPRE or simply power ratio in short for DM-RS CDM group 1 and DM-RS CDM group 2 are shown in Table 2‑2 for different total number of transmission layers used by the eNB for each DM-RS CDM group. Note that in constructing the table, we have assumed that the PDSCH EPREs for all layers in the same RB are equal and that the DM-RS EPREs for all layers in the same RB are equal (for both SU-MIMO and MU-MIMO). Furthermore, we have assumed flexible assignment of DM-RS ports to MU-MIMO UEs. We have also assumed DM RS patterns as illustrated in Figure 2, Figure 3 and Figure 4.
Table 2‑2: Power ratios for DM-RS CDM group 1 and group 2

	Total # layers
	# Layers for DM-RS CDM group 1
	# Layers for DM-RS CDM group 2
	Number of DM-RS REs in an RB
	Power ratio for DM-RS CDM group 1*
	Power ratio for DM-RS CDM group 2*

	1
	1
	0
	12
	1
	N/A

	1
	0
	1
	12
	N/A
	1

	2
	2
	0
	12
	1
	N/A

	2
	0
	2
	12
	N/A
	1

	2
	1
	1
	24
	2
	2

	3
	3
	0
	12
	1
	N/A

	3
	0
	3
	12
	N/A
	1

	3
	2
	1
	24
	1.5
	3

	3
	1
	2
	24
	3
	1.5

	4
	4
	0
	12
	1
	N/A

	4
	0
	4
	12
	N/A
	1

	4
	3
	1
	24
	1.33
	4

	4
	2
	2
	24
	2
	2

	4
	1
	3
	24
	4
	1.33

	5
	4
	1
	24
	1.25
	5

	5
	3
	2
	24
	1.67
	2.5

	5
	2
	3
	24
	2.5
	1.67

	5
	1
	4
	24
	5
	1.25

	6
	4
	2
	24
	1.5
	3

	6
	3
	3
	24
	2
	2

	6
	2
	4
	24
	3
	1.5

	7
	4
	3
	24
	1.75
	2.33

	7
	3
	4
	24
	2.33
	1.75

	8
	4
	4
	24
	2
	2


Note on assumptions: 
1. PDSCH EPRE for all layers in the same RB are equal (for both SU-MIMO or MU-MIMO). 
2. The DM-RS EPRE for all layers in the same RB are equal (for both SU-MIMO or MU-MIMO).
3. Flexible assignment of DM-RS ports to MU-MIMO UEs.
4. DM RS patterns as illustrated in Figure 2, Figure 3 and Figure 4.
Clearly, the information about the power ratio is not known at the UE with only the rank and the DM-RS port index signalled by the eNB. One can conclude that additional information for each UE needs to be signalled for every subframe. We propose to signal the power ratio along with DM-RS port assignment information. For the signalling method proposed in Section 2.1, the power ratio can correspond to the DM-RS port of which its index is signalled. An example mapping between the message index and the UE interpretation is given in Table 2‑3. The signalling of the power ratio requires 4 bits. 
Table 2‑3: Power ratio signalling for up to 8 transmission layers
	Message Index
	Power ratio

	0
	1.00

	1
	1.25

	2
	1.33

	3
	1.50

	4
	1.67

	5
	1.75

	6
	2.00

	7
	2.33

	8
	2.50

	9
	3.00

	10
	4.00

	11
	5.00

	12
	reserved

	13
	reserved

	14
	reserved

	15
	reserved


The power ratio signalling doesn’t allow the UE to interpret unambiguously the number of layers assigned to each DM-RS CDM group. To illustrate this, consider that the UE is assigned rank 1, DM-RS port 0 and power ratio of 2. In this case, the UE will not be able to tell if there is one port used in each DM-RS CDM group, or if there are two or three or four ports in each DM-RS CDM group. However, the UE will at least be MU-MIMO aware, i.e. the UE will be able to tell if there are other UEs sharing the same RB assigned to the UE. Furthermore, this ambiguity in the number of layers used by the eNB also means that some scheduler flexibility can be maintained, particularly if we assume that the control signals are valid for all RBs assigned to the same UE.

Proposal 2: Include power ratio signalling in the DCI format to allow UE to determine the DM-RS EPRE to PDSCH EPRE ratios for demodulation purpose
2.3 Control signalling to support advanced MU-MIMO feature
Our contribution so far discusses the signalling design to support the most basic MU-MIMO operation, i.e. assuming no interference suppression or cancellation capability at the UE, although limited interference suppression may still be possible with blind detection. 
Additional control signalling should be considered particularly for advanced UE classes that may have interference suppression or cancellation capability. For example, the DM-RS ports and the modulation of the interfering UE(s) can be signalled to allow for a simple interference cancellation through partial MLD implementation as proposed in [4].
Proposal 3: Additional control signalling should be considered for advanced UE classes that may have advanced interference suppression or cancellation capability. 

3 Conclusions
In summary, we analyse the downlink control signalling requirement to support SU/MU-MIMO for LTE-A and propose the following:
· Only consecutively indexed DM-RS ports can be assigned to a UE and only the smallest DM-RS port index needs to be signalled.

· Power ratio signalling to allow UE to determine the DM-RS EPRE to PDSCH EPRE ratios for demodulation purpose
· Additional control signalling should be considered for advanced UE classes that may have interference suppression or cancellation capability
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Figure 2: DM-RS pattern for up to two transmission layers
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Figure 3: DM-RS pattern for up to 4 transmission layers
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Figure 4: DM-RS pattern for up to 8 transmission layers[image: image5.jpg]



