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1 Introduction
In the RAN#68 plenary meeting, a work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved [1]. One of the objectives of the work item is to specify support of additional ports for DM-RS targeting higher dimension MU-MIMO. In this contribution, we provide our views on the required specification changes to support this enhancement.
2 Discussion
In RAN1#82, support of additional DM-RS ports for MU-MIMO was discussed. It was agreed as working assumption to introduce Alt.1, i.e., 4 orthogonal DM-RS ports with OCC=4 and 12 REs for higher-order MU-MIMO transmission (see Table 1). It was also agreed to address signaling and power imbalance issues in RAN1#82bis [2]. 
Table 1: Additional ports for higher order MU-MIMO

	Ports for MU transmission 
	OCC 

	Port 7(’) (detailed naming FFS)
	[1 1 1 1] 

	Port 8(’)
	[1 -1 1 -1] 

	Port 11
	[1 1 -1 -1] 

	Port 13
	[1 -1 -1 1] 


Additional scenarios for evaluations of the working assumption
It should be noted that the evaluation of the additional orthogonal DM-RS ports with OCC=4 provided at the last meeting does not consider other important use cases of orthogonal DM-RS ports. More specifically, orthogonal DM-RS ports may be used for multi-point MU-MIMO to provide orthogonal DM-RS multiplexing for the UEs served by neighboring TPs. For example, as shown in Figure 1 the 1st TP may serve UE using DM-RS ports 7’ and 8’, while the neighboring TP may use DM-RS ports 11 and 13. 
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Figure 1: Multi-point MU-MIMO with orthogonal DM-RS

In the example above, possible frequency offset and delay differences between the TPs would result in time domain and frequency domain phase ramp on the DM-RS antenna ports received from the non-serving point. In this cas,e the orthogonal property of the newly designed DM-RS ports achieved by applying OCC codes may be lost due to the high length of the spreading code. Therefore, possible alternatives for additional DM-RS port multiplexing (i.e., Alt. 2 and 3) should be further investigated considering MU-MIMO multi-point scenarios with typical frequency offset and timing delay differences between the received signals. 
Observation:

· Evaluation of Alt. 1, agreed as working assumption, does not consider the multi-point MU-MIMO scenario with orthogonal DM-RS multiplexing across neighboring TPs

· To confirm the working assumption, Alt. 1, 2, 3 should be also compared in the multi-point MU-MIMO scenario with consideration of typical frequency offset and timing delay differences between the received signals.
Signalling of the additional DM-RS ports

Two approaches of supporting additional DM-RS ports for MU-MIMO agreed in the working assumption may be considered. In the first approach, the additional DM-RS ports may be supported by increasing the number of bits used for MIMO layer indication. This option does not restrict the MIMO layer signalling options supported by the legacy system (e.g., indication of 8 MIMO layers); however, the support of this option would require additional bits in the DCI and potentially the introduction of a new DCI format. In the second approach, support of the additional DM-RS ports may be provided by higher layer configuration of the alternative “antenna port(s), scrambling identity and number of layers indication” table without change of the DCI. This approach of supporting additional DM-RS ports for MU-MIMO would limit the MIMO layer signalling option supported by the legacy system. However, compared to the first option, the second option would lead to smaller specification impact.
The example of the alternative table in accordance with the second approach of signalling additional DM-RS antenna ports is provided in Table 2, where the number of bits for signalling of the MIMO layers is kept to 3 bits, which is the same as in Rel-10. In the considered example, to support indication of the additional DM-RS ports for MU-MIMO some of the entries corresponding to SU-MIMO with more than 4 MIMO layers were removed and replaced with the MU-MIMO. 
Table 2: Alterative antenna port(s), scrambling identity and number of layers indication table
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0
	0
	2 layers, ports 7-8, nSCID=0

	1
	1 layer, port 7, nSCID=1, OCC=4
	1
	2 layers, ports 7-8, nSCID=1

	2
	1 layer, port 8, nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID=1, OCC=4
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	2 layers, ports 11,13, nSCID=0

	5
	1 layer, port 11, nSCID=1, OCC=4
	5
	2 layers, ports 11,13, nSCID=1

	6
	1 layer, port 13, nSCID=1, OCC=4
	6
	2 layers, ports 7-8, nSCID=0, OCC=4

	7
	Reserved
	7
	2 layers, ports 7-8, nSCID=1, OCC=4


It should be noted that processing of the received antenna ports 7 and 8 in conventional systems assumes OCC with minimum length of 2. However, support of the additional DM-RS ports with DM-RS antenna ports 11 and 13 (agreed as a working assumption for MU-MIMO) requires OCC processing of length 4. Therefore, as part of MIMO layer indication, signalling of the minimum OCC processing length for DM-RS ports 7 and 8 is required, as also shown in Table 2. 
Supported transmission modes
If higher layer configuration of the alternative MIMO layer indication table is supported, the enhancement of the additional DM-RS ports can be enabled for TM9 and TM10. In case of TM9, configuration of the alternative DM-RS table should be performed per DL Cell, while for TM10 per different PQI states. More flexible configuration of the alternative antenna port(s), scrambling identity and number of layers indication table for TM10 is required to support various cases including dynamic fall-back operation to the legacy MIMO layer indication table.
Proposal:

· Support of additional DM-RS ports for MU-MIMO should be considered for TM9 and TM10 and facilitated by higher layer configuration of the alternative antenna port(s), scrambling identity and number of layers indication table without change in the DCI.
Power imbalance for additional DM-RS antenna ports
According to the existing specification the ratio of PDSCH EPRE to DM-RS EPRE within each OFDM symbol containing DM-RS is 0 dB when the number of transmission layers is less than or equal to two. Given that for PDSCH and DM-RS with the new DM-RS antenna ports 7’, 8’, 11 and 13 rely on CDM multiplexing, the power ratio between PDSCH and UE-specific RS should be kept to 0 dB. However, as noted in [3], multiplexing of DM-RS ports 7’, 8’, 11 and 13 may require power pooling at the eNB to support the increased transmission power on some of the OFDM symbols containing DM-RS. Power pooling at the eNB may not be always desirable from the practical implementation viewpoint. Therefore, higher layer configuration of power de-boosting for DM-RS antenna ports (e.g. equal to -1 dB relative to PDSCH) may be considered to minimize the impact on the power amplifier design.
Proposal:

· To resolve the power imbalance issue due to the additional DM-RS ports, consider the introduction of DM-RS power de-boosting of -1 dB by higher layer configuration.
Other enhancements

To further improve the performance of non-orthogonal DM-RS multiplexing, the PRB bundling size should be further increased [4]. Given that FD-MIMO beamforming substantially reduces the frequency selectivity of the channel, a larger PRB bundling size may be exploited to improve the channel estimation performance. The increased PRB bundling size may also facilitate the introduction of the additional orthogonal DM-RS ports for future releases. 

3 Summary

In this contribution we provided our views on the support of the additional DM-RS ports targeting higher-order MU-MIMO. Based on the discussion we have made the following observations:

· Evaluation of Alt. 1, agreed as working assumption, does not consider the multi-point MU-MIMO scenario with orthogonal DM-RS multiplexing across neighboring TPs
·   To confirm the working assumption, Alt. 1, 2, 3 should be also compared in the multi-point MU-MIMO scenario with consideration of typical frequency offset and timing delay differences between the received signals.

We also made the following proposals w.r.t to the working assumption:
Proposals:

· Support of additional DM-RS ports for MU-MIMO should be considered for TM9 and TM10 and facilitated by higher layer configuration of the alternative antenna port(s), scrambling identity and number of layers indication table without change in the DCI

· To resolve the power imbalance issue due to the additional DM-RS ports, consider the introduction of DM-RS power de-boosting of -1 dB by higher layer configuration.

· Consider increasing the PRB bundling size. 
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