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1 Introduction
In RAN1#82, the following working assumption was agreed on supporting additional orthogonal DMRS ports for MU-MIMO [1]. The working assumption is conditioned on that RAN1 resolves the power imbalance issue:

Working Assumption, subject to resolution of signalling and power imbalance issues:
· Alt.1, i.e., OCC=4 and 12REs for higher order MU-MIMO transmission is supported with the following ports
	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] 


Solutions for signalling and power imbalance should be submitted for RAN1#82bis. 

In this contribution, we discuss the power imbalance issue associated with OCC=4 and a simple dynamic signaling scheme is proposed.
Power Imbalance Issue with OCC=4
In the previous meeting, the power imbalance issue among different DMRS REs was raised in [2] when ports 7, 8, 11,13  are used for MU-MIMO transmission. This led to a conditional working assumption that is subject to resolution of the imbalance issue.  The contribution [2] showed that the average transmit power of two OFDM symbols containing the DMRS REs can be as high as 0.97dB higher (and 1.25 dB lower) than other OFDM symbols.  This could negatively impact the downlink system performance such as EVM and out-of-band emission. Alternatively, PAs with higher power may be needed to accommodate the occasional higher average transmit power on certain OFDM symbols. Hence, it is important to resolve this issue. 
By using similar notation to [2], the transmit signal for DMRS at the n-th transmit antenna, for the four REs containing the DMRS across four OFDM symbols, can be represented as




where is the precoding weights for the k-th layer at the n-th transmit antenna. The peak power of the first DMRS RE occurs when  , i.e. the precoding weight of all four layers is the same for a given antenna. Similar conditions can be derived for the other DMRS REs. Depending on the used precoding weights for the different layers, the peak power is reached for different antenna ports in different DMRS REs.
We have examined the issue by using a Kronecker 2D codebook based on a grid of DFT beams for a 4x2 port layout configuration and assuming that the precoder for four orthogonal beams are used to precode and transmit four MU-MIMO layers. Using orthogonal beams is a likely situation for MU-MIMO.  The results are shown in Table 1.  It confirms the observation in [2] that on some antennas and in some DRMS REs, the tx power of some DMRS REs can be four times higher than that of the average data REs which leads to power imbalance in the different OFDM symbols containing DMRS.  The same is also observed with 2x4 and 2x2 antenna configuration.
[bookmark: _Ref430786739]Table 1: The tx power ratio between a DMRS RE and a data RE when orthogonal precoders from a 2D codebook are used  for 4-layer MU-MIMO transmissions over a 4x2 antenna
	Antenna #
	First DMRS RE
	Second DMRS RE 
	Third DMRS RE  
	Fourth DMRS RE

	0
	4
	0
	0
	0

	1
	0
	4
	0
	0

	2
	0
	0
	2
	2

	3
	0
	0
	2
	2

	4
	0
	4
	0
	0

	5
	4
	0
	0
	0

	6
	0
	0
	2
	2

	7
	0
	0
	2
	2



One solution may be to add additional phase rotations on the precoders across different layers, or equivalently on different OCC codes.  One example is to define a phase rotation matrix and apply it to the OCC codes as follows:


The resulting tx signal at the n-th transmit antenna for the four DMRS REs is then



By applying phase rotations with   across different  layers,  the resulting tx powers of DMRS REs with different OCC codes are shown Table 2.  In this case, the same average power would be experienced across all the OFDM symbols since in every other subcarrier it is used, the OCC sequence is applied forward and backward respectively. Hence, the sum power of  DMRS REs for first and fourth  (or  second and third) equals 2 for all antenna ports.  Similar balancing is applicable to other antenna configurations. However, the solution is not universal, as it has not been shown that perfect power balance can be achieved for arbitrary array structures.

[bookmark: _Ref430788952]Table 2. Tx power ratio between a DMRS RE and a data RE with phase rotation across layers
	Antenna #
	First DMRS RE
	Second DMRS RE
	Third DMRS RE
	Fourth DMRS RE

	0
	1.7071
	0.2929
	1.7071
	0.2929

	1
	0.2929
	1.7071
	0.2929
	1.7071

	2
	0.2929
	1.7071
	0.2929
	1.7071

	3
	1.7071
	0.2929
	1.7071
	0.2929

	4
	0.2929
	1.7071
	0.2929
	1.7071

	5
	1.7071
	0.2929
	1.7071
	0.2929

	6
	1.7071
	0.2929
	1.7071
	0.2929

	7
	0.2929
	1.7071
	0.2929
	1.7071



[bookmark: _GoBack]Observation 1: 
· Some phase rotation may be used to reduce the power imbalance problem, but it may not be eliminated completely for all antenna structures/configurations.
In addition to the power imbalance issue,  another drawback of using ports 7,8,11,13  is that since OCC=4 is always assumed for all layers, the performance of  UEs with high Doppler frequency may be degraded.  Given that higher carrier frequencies are likely to be supported in the future releases, the scheme may not be a future proof solution for MU-MIMO.  

Observation 2:  
· The scheme with OCC=4 may not be future proof when higher carrier frequencies are deployed. 
Dynamic Signaling
With the proposed scheme in the working assumption, it is preferable not to introduce additional signaling overhead in supporting the proposed DMRS enhancement.  The existing table 5.3.3.1.5C-1 [4] for antenna, scrambling and number of layers may be modified for the purpose. 

One possible new antenna mapping table for DCI 2C and DCI is shown in Table 3, where the entries with n_scid=1 are replaced with ports 11 and 13  with n_scid=0. However, this would limit the maximum number of MU-MIMO layers to 4. Different scrambling IDs may be introduced for ports 11 and 13 in order to increase the number of MU-MIMO layers, but some clarification is needed first on the working assumption (see discussion in the next section).

[bookmark: _Ref430975382]Table 3: Antenna port(s), scrambling identity and number of layers indication 
	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, n_scid=0
	0
	2 layers, ports 7-8, n_scid=0

	1
	1 layer, port 11,  n_scid=0
	1
	2 layers, ports 11, 13  n_scid=0

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

	3
	1 layer, port 13,  n_scid=0
	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



Higher Dimension MU-MIMO 
The following objective was stated in the WI [3] in regard to MU-MIMO enhancement:

·  Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
Our understanding of the above “higher dimensional MU-MIMO” objective was to increase the maximum MU-MIMO layers to beyond the current 4 layers.  However, with the current working assumption of using orthogonal ports 7, 8, 11, and 13, the maximum number of MU-MIMO layers remains 4.  For this not to conflict with the WID objective, different scrambling IDs must also be supported.  This should be clarified in the working assumption. 

Observation 3:
· The working assumption does not seem to be addressing the objective stated in the WID.

Proposal:
· Clarify the working assumption to indicate that OCC=4 and 12REs with different scrambling IDs for higher order MU-MIMO transmission is supported in order to meet the objective stated in the WID.
Conclusion
We have discussed the power imbalance issue with OCC=4 for higher order MU-MIMO transmission and the possible solution with additional phase rotation across different layers. A simple signaling scheme is also proposed with minimum modification of the existing antenna port and layer mapping table. We have the following observations:
Observation 1: 
· Some phase rotation may be used to reduce the power imbalance problem, but it may not be eliminated completely for all antenna configurations.
Observation 2:  
· The scheme may not be future proof when higher carrier frequencies are deployed. 

Observation 3:
· The working assumption does not seem to be addressing the objective stated in the WID.

Given these observations, we have the following proposal:
Proposal: 
· RAN1 should send a LS to RAN4 asking for opinions on the possible power imbalance issue with OCC=4
· Clarify the working assumption to indicate that OCC=4 and 12REs with different scrambling IDs for higher order MU-MIMO transmission is supported in order to meet the objective stated in the WID.
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