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1 Introduction
The observations recorded in the RAN1#59 chairman’s note state that:

· No clear preference for transparent or non-transparent MU-MIMO at this stage. 

· If MU-MIMO were to be non-transparent, strongest possibilities to consider for downlink signalling include:

· whether / which DM-RS ports are used for other UEs

· power offset
Study further whether non-transparency is beneficial, and if so, what signalling would be useful.

In this contribution, we discuss the downlink control signalling for transparent MU-MIMO.
2 Definition of MU-MIMO Transparency

There seems to be a lack of common understanding among companies in RAN1#59 on the definition of MU-MIMO transparency. The definition of MU-MIMO transparency was clarified to mean that “no downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB” [1].

In our understanding, a downlink signalling scheme for MU-MIMO is considered transparent if the UE is only notified of the information necessary to demodulate its own PDSCH but the UE can not assume there is no other UE sharing the same resources. Examples for transparent MU-MIMO signalling include DM RS port indication for its own channel estimation and power offset signalling for rank>1 or QAM demodulation [2]. For non-transparent MU-MIMO, the UE is also explicitly notified of the information that allows the UE to suppress/cancel multiuser interference, but not strictly necessary for the demodulation of its own PDSCH. Examples for non-transparent MU-MIMO signalling include the DM RS port and the modulations associated with co-scheduled UEs.
3 Downlink control signalling for transparent MU-MIMO 
3.1 Signalling requirement beyond Rel-9 dual-layer beamforming
Transparent MU-MIMO is supported for Rel-9 dual layer beamforming through the provision of DM RS port indication and 1-bit scrambling ID. Naturally, it is expected that the principles of the DM RS pattern, the DM RS sequence design as well as the downlink control signalling support for Rel-9 dual-layer beamforming should also be applied to the Rel-10 SU and MU-MIMO transmission mode.
However, the possibility of up to 8 transmission layers and a hybrid CDM+FDM design for DM RS in Rel-10 means that the signalling support in Rel-9 will not be sufficient to support transparent MU-MIMO in Rel-10. Since the UE is not aware of the total number of transmission layers and the assignment of DM RS ports to other co-scheduled UEs, the UE may not be able to determine the correct number of DM RS REs in a PRB (i.e. 12 or 24) and the OCC length of the DM RS (i.e. 2 or 4), both of which are necessary for demodulation of its own PDSCH. 
3.2 DM RS port assignment
In Rel-9 dual-layer beamforming, port indication is indicated through the NDI of the disabled TB. Since there are more than two ports in Rel-10 and that multi-layer MU-MIMO is expected to be supported, a new way of signalling the port assignment is needed.
In [2], a flexible and low overhead downlink control signalling principle was proposed. In particular, we proposed that only consecutively indexed DM-RS ports can be assigned to a UE and only the smallest DM-RS port index needs to be signalled. The signalling overhead can be reduced significantly if some restriction on MU-MIMO dimensioning is imposed and standardised. Using the proposal in [7] as an example for orthogonal MU-MIMO, namely:
· Up to four UEs multiplexed with one DM RS port for each;
· Up to two UEs multiplexed with two DM RS ports for each;
· One UE with two DM RS ports and up to two UEs with one DM RS port for each;
the rank and DM-RS port index signalling can be simplified as given in Table 3‑1.
Table 3‑1: 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

	1
	0
	1
	2
	3

	2
	0,1
	1,2
	2,3
	3,0


In this case of orthogonal MU-MIMO, only 3 bits are required for DM RS port assignment whereby 1 bit is needed for rank and 2 bits are needed for DM-RS port index.

Another aspect that needs to be considered is the signalling of OCC length for the DM RS. This aspect was previously omitted in [2]. The need of OCC length signalling hinges on the on-going discussions on the DM RS design and the MU-MIMO dimensioning. Assuming OCC length of 4 for rank>4 and referring to the proposal in [7] as an example, then the OCC length is always two for MU-MIMO transmission and the UE will only assume OCC length of 4 if the assigned rank is greater than 4.
3.3 Power offset
Another aspect discussed in RAN1#59 is the power offset signalling. We argued In [2] that the adoption of hybrid CDM+FDM DMRS pattern in Rel-10 means that the power offset between the DM RS and the PDSCH RE needs to be signalled in order to improve the power utilisation for DM RS; contrary to the belief expressed by some companies, e.g. [5]
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[6], that the use of UE-specific RS means power offset signalling is not required. Assume that the PDSCH EPRE for all co-scheduled UEs in a PRB is the same, and further assume that a maximum of 4 layers for MU-MIMO with up to rank 2 for each UE, Table 3‑2 below shows that for 8 cases out of the possible 12, the power ratio of DM RS to PDSCH RE should be greater than 1 in order to fully utilise the power available for DM-RS transmission. Compared with a fixed 0dB power offset assumption, there can be up to 10*log10(3) = 4.77dB waste in the DM-RS power, which is expected to translate to significant channel estimation loss. As there 4 unique power ratio values as shown in Table 3‑2, 2 bits are required for the power offset signalling.
Table 3‑2: Power ratios of DM-RS and PDSCH REs

	Total # layers transmitted by the eNB
	# Layers for DM-RS CDM group 1
	# Layers for DM-RS CDM group 2
	Power ratio for DM-RS CDM group 1 to achieve full power utilisation
	Power ratio for DM-RS CDM group 2 to achieve full power utilisation

	1
	1
	0
	1
	N/A

	1
	0
	1
	N/A
	1

	2
	2
	0
	1
	N/A

	2
	0
	2
	N/A
	1

	2
	1
	1
	2
	2

	3
	2
	1
	1.5
	3

	3
	1
	2
	3
	1.5

	4
	2
	2
	2
	2


It is worth noting that the power offset signalling does not only convey the DM-RS to PDSCH EPRE ratios for demodulation purpose, it can also convey other essential information such as the number of DM RS REs in a PRB. Referring to Table 3‑2, we observe that the UE determines the number of DM RS REs in a PRB to be 12 if the power offset is 0dB and 24 otherwise.
We note that it is also possible for the UE to determine the appropriate power offset if instead of the direct power offset signalling, non-transparent MU-MIMO signalling is adopted; e.g. the total numbers of layers as well as the DM RS assignments to the co-scheduled UEs are signalled. Hence, if non-transparent MU-MIMO signalling principle is adopted, then the power offset signalling may not be required.
4 Conclusions
In this contribution, we discussed the downlink control signalling requirement for transparent SU and MU-MIMO support for Rel-10. The following signalling should be considered:
· 1-bit scrambling ID
· DM RS port assignment

· e.g. rank + lowest DM RS port index, assuming consecutive port assignment
· Power offset signalling
· can also convey the number of DM RS REs in a PRB

· may not be required for non-transparent MU-MIMO
Other signalling may be necessary depending on the outcome of the discussions on the DM RS design and the MU-MIMO dimensioning, e.g. the need to convey the OCC length of the DM RS.
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