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1. Introduction

In RAN1#82, a working assumption of OCC=4 and 12REs for higher order MU-MIMO transmission was agreed. Furthermore, companies were asked to address the issue of power imbalance in the following RAN1 meetings. In this contribution, we discuss DCI related signaling designs for OCC=4 MU-MIMO transmission. We also provide results and observations on the power imbalance/peak power randomization issue.
2. Design principles for OCC-4 DMRS

Currently, the MU dimensioning per cell is determined by the indicator bits, namely “Antenna port(s), scrambling identity and number of layers indication” in DCI format definitions. The indicator bits according to Rel. 12 essentially limit the maximum number of MU layers (with orthogonal DMRS) to 2. If OCC-4 DMRS is agreed, the number of orthogonal layers will increase to 4. The simplest signaling solution would be to increase the size of “Antenna port(s), scrambling identity and number of layers indication” from 3 to 4 bits. However, increasing the size of DCI will result in some problems, e.g., the DCI decoding performance would be affected due to the increase of the table size. Therefore, we propose to keep the size of DCI unchanged to support the OCC-4 DMRS design.

Proposal-1: Keep the DCI size unchanged to support OCC-4 DMRS.
With the assumption of OCC-4 DMRS and unchanged DCI size, we have several degrees of freedom to consider for the detailed design. The factors are:

1. The maximum number of layers (up to 4 or 8 layers) for SU-MIMO transmission
2. Whether OCC-4 12RE DMRS can be used to support 3 and 4 layer SU-MIMO transmission
3. Whether nSCID selection be retained for MU-MIMO operation
Proposal-2: Consider the following factors for detailed design for supporting enhanced DMRS - the maximum number of layers for SU-MIMO transmission, support for 3 and 4 layer SU-MIMO transmission with length 4 OCC, and support for nSCID for MU-MIMO operation.
3. Control channel design for OCC-4 DMRS

In order to keep the size of the port and SCID mapping table unchanged, some of the current entries must be replaced. Different tradeoffs could be made in the design, which is discussed below:
Alternative 1: Support maximum 4 layers of SU-MIMO, and support SU- and MU-MIMO using OCC-4 12RE DMRS
Our previous contribution [1] shows that the number of spatially co-scheduled UEs is rarely greater than 4 in simulated scenarios, so the design assumption in this contribution is to support up to 4 users for MU-MIMO. Further, a possibility is to reduce the maximum number of supported SU-MIMO layers. An example table is shown below:
Table 1: DMRS port and SCID mapping with OCC-4 and 12 REs
	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
	1
	2 layers, ports 7-8, nSCID=1

	2
	1 layer, port 8, nSCID=0
	2
	2 layers, ports 11, 13, nSCID=0

	3
	1 layer, port 8, nSCID=1
	3
	2 layers, ports 11, 13, nSCID=1

	4
	1 layer, port 11, nSCID=0
	4
	3 layers, ports 7-8, 11

	5
	1 layer, port 11, nSCID=1
	5
	4 layers, ports 7-8, 11, 13

	6
	1 layer, port 13, nSCID=0
	6
	3 layers, ports 7-9

	7
	2 layer, ports 7-8
	7
	4 layers, ports 7-10


In this case, up to 8 layers are supported for MU transmission with scrambling id. If it is assumed that 4Rx UEs are prevalent then SU-MIMO transmission up to 4 layers is sufficient. One observation on this design is that with pure single stream transmission, at most 7 users can be multiplexed in the spatial domain, because one entry of the table is reserved for HARQ retransmissions. Since each user has at most 4 layers for SU transmission and 2 layers for MU transmission, one entry for HARQ will suffice. Furthermore, new methods of supporting 3- and 4-layer SU-MIMO using OCC4 and 12 REs are provided in the entries indexed 4 and 5 for two-codeword transmissions. The legacy transmission methods are retained in 6 and 7. 
Alternative 2: Remove scrambling id, and support up to 4 layers SU-MIMO transmission
Due to TM10, multiple VCIDs can be used to generate reference signals in a given cell, and thus the need for SCIDs is weakened. With this in mind, another option is to design a table without SCID. An example is shown below.
Table 2: DMRS port mapping with OCC-4 and 12 REs (without SCID)
	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
	0
	2 layers, ports 7-8 (OCC2)

	1
	1 layer, port 8
	1
	2 layers, ports 7-8 (OCC4)

	2
	1 layer, port 11
	2
	2 layers, ports 11, 13

	3
	1 layer, port 13
	3
	3 layers, ports 7-8, 11

	4
	2 layers, ports 7-8
	4
	4 layers, ports 7-8, 11, 13

	5
	Reserved
	5
	Reserved

	6
	Reserved
	6
	Reserved

	7
	Reserved
	7
	Reserved


In this design, a single entry for HARQ re-transmission still suffices. Besides, UEs can explicitly obtain the knowledge of the length of cover codes when port 7 and 8 are used, which provides certain benefits for channel estimation.

Alternative 3: Remove scrambling id, and support up to 8 layers SU-MIMO
Another possibility is to utilize VCID for differentiating users while including the opportunity to transmit as many SU layers as possible. An example table could be as follows.
Table 3: DMRS port mapping with OCC-4 (without SCID)

	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
	0
	2 layers, ports 7-8

	1
	1 layer, port 8
	1
	2 layers, ports 11,13

	2
	1 layer, port 11
	2
	3 layers, ports 7-9

	3
	1 layer, port 13
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14


In this case, a UE may suffer some channel estimation performance loss because the length of the cover codes is always 4. However, a maximum of 8 layers transmission for SU-MIMO is retained.
4. Power imbalance
In the DMRS design phase of Rel. 10 the power imbalance issue was studied [2], which mainly comes from the precoding operation on the DMRS reference signals. Various schemes were proposed to randomize the peak power of the resulting signals in the time domain. In this contribution we provide our views on this aspect.
The Walsh matrix used for length-4 cover codes is given by
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If the precoding vector applied to layer [image: image3.png]
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, then in the case the weighting coefficients are all equal (equal to to [image: image7.png]


), the coherently added symbols result in a DMRS symbol multiplied by [image: image9.png]


, meanwhile a destructive addition may result in a DMRS symbol of [image: image11.png]


. For the current DMRS pattern, this will introduce power fluctuations on symbol 6, 7, 13, and 14 within an RB pair.
However, the above analysis is only applicable to the worst case where the weighting coefficients are all equal. Practically, due to the fact that the precoding matrices are changing, the fluctuation of an OFDM symbol power in the time domain may be less significant. We observe the power statistics from link simulations as shown below.
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Figure 1: Tx power distribution of OFDM symbols.

In Fig. 1, the power distribution of OFDM symbols with and without DMRS REs are collected for one antenna element. It is clear that the OFDM symbols containing DMRS do suffer from power fluctuation, but is much less severe than the worst case. In Fig.1, a power difference of approximately 0.2 dB is observed at the 10th percentile.
Observation-1: In practical cases with randomly generated PDSCH data, power imbalance from OCC-4 DMRS can result in around 0.2dB power imbalance between OFDM symbols w/ and w/o DMRS.
5. Conclusion
In this contribution, we presented our opinion regarding some of the potential enhancements for FD-MIMO with the following proposals and observations:

Proposal-1: Keep the DCI size unchanged to support OCC-4 DMRS.

Proposal-2: Consider the following factors for detailed design for supporting enhanced DMRS - the maximum number of layers for SU-MIMO transmission, support for 3 and 4 layer SU-MIMO transmission with length 4 OCC, and support for nSCID for MU-MIMO operation.

Observation-1: In practical cases with randomly generated PDSCH data, power imbalance from OCC-4 DMRS can result in around 0.2dB power imbalance between OFDM symbols w/ and w/o DMRS.
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Appendix
Table 4: Simulation assumptions
	
	Parameters

	Channel
	3D-UMi-NLOS

	eNB Tx antenna configuration
	16

	Polarized antenna modeling
	Model -2 from 36.873

	User Pairing
	Random

	System bandwidth
	10MHz (50 PRBs)

	Carrier Frequency 
	2GHz

	UE Speed 
	3 km/h

	UE distribution 
	Following 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	UE Rx antenna configuration
	2 Rx cross-polarized (Polarization orientation uniformed distributed)


