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1. Introduction
The work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved in 3GPP RAN#68 meeting [1].  One of the objectives of the WI is, 
· Specify enhancements on reference signal in the following areas [RAN1]
…

· 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
Several DMRS pattern designs are discussed in former RAN1 meetings. This contribution discusses spec impact of additional DMRS ports.
2. Discussion on DMRS pattern 
During the FD-MIMO SI discussion, the following three alternatives for additional DMRS ports were captured in [2]:
· Alt-1: 12 DMRS REs with OCC=4 for up to total 4 layers per scrambling sequence

· Alt-2: 24 DMRS REs with OCC=2 for up to total 4 layers per scrambling sequence

· Alt-3: 24 DMRS REs with OCC=4 for up to total 8 layers per scrambling sequence
Alt.2 with OCC =2 has better DMRS channel estimation performance but another 12 REs. Alt.3 can support up to 8 orthogonal layers other than 4 orthogonal layers with additional 12 RE/PRB overhead compared to Alt.1. However, Alt.1 has the same RE occupying as the conventional MU-MIMO, thus, it does not need to puncture PDSCH of legacy UE while pairing with legacy UE as discussed in [3]. Therefore,
Proposal 1. Alt.1 in TR 36.897 is preferred to support up to 8-layer multi-user transmission.
Table 1. DMRS design for 8-layer MU-MIMIO of Alt.1
	
	nSCID

	
	 = 0
	 = 1

	OCC
(orthogonal)
	Port 7
	[+1 +1 +1 +1]
	Layer 1
	Layer5

	
	Port 8
	[+1 -1 +1 -1]
	Layer2
	Layer6

	
	Port 11
	[+1 +1 -1 -1]
	Layer3
	Layer7

	
	Port 13
	[+1 -1 -1 +1]
	Layer4
	Layer8


In addition, it is preferred to support the following MU-MIMO operation based on orthogonal DMRS ports:

· Operation 1: four UE, one layer per UE
· Operation 2: two UE, two layers per UE

· Operation 3: two UE, two layer for one UE, and another layer for another UE

Based on the above operation, the following DMRS configuration is needed:

Proposal 2.
For single rank transmission, a UE can be dynamically configured as port 7,8,11,13 with OCC = 4

For rank two transmission, a UE can be dynamically configured as port 7/8 or port 11/13 with OCC=4

3. Spec impact of additional DMRS ports
3.1. Current DCI 2C/2D
Current spec only defines up to 4-layer MU transmission (two orthogonal ports plus another two quasi-orthogonal ports), and the antenna port(s), scrambling identity and number of layers indication is limited to 4-layer MU transmission, as shown in Table 2. 
Table 2: Antenna port(s), scrambling identity and number of layers indication in table 5.3.3.1.5C-1 of TS 36.212 (DCI format 2C and 2D)
[image: image1.emf]Single layer

transmission d:

Codeword 0 enabled,
Codewcrd 1 disabled

Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

2-layer
transmission

Value I Meocecaae Value I Message
0] ! 1 layer, port 7, nscip=0 6] ! 2 layers, ports 7-8, nscip=0 .
1 I 1 layer, port 7, nscip=1 . 1 2 layers, ports 7-8, nscip=1 1
2 I 1 layer, port 8, nscip=0 / 2 3 layers, ports 7-9
3 I 1 layer, port 8, nscip=1 3 4 layers, ports 7-10
4 ! 2 layers, ports 7-8 4 ‘ 5 layers, ports 7-11
5 I 3 layers, ports 7-9 I 5 ! 6 layers, ports 7-12
6 i 4 layers, ports 7-10 i 6 I 7 layers, ports 7-13 ‘
7 I Reserved I 7 I &.lavers, ports 7-14

Retransmission

SU-MIMO
transmission









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 7, n

SCID

=1  1  2 layers, ports 7-8, n

SCID

=1 

2  1 layer, port 8, n

SCID

=0  2  3 layers, ports 7-9 

3  1 layer, port 8, n

SCID

=1  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 

 

2

-

layer		

transmission	

Single	layer	

transmission	

Retransmission	

SU-MIMO	

transmission	


Since up to 8-layer MU transmission should be supported in Rel-13, new DMRS state is needed, therefore a new antenna port(s), scrambling identity and number of layers indication table is needed. 
3.2. New DCI design
As we discussed in section 2, it is necessary to support 4 UE each with a single layer transmission. Combining with scrambling ID, at least 8 values are needed for single codeword transmission as listed in Table 3. Considering higher-layer retransmission using single codeword, 3-bit indication table is not sufficient, and at least 4-bit is required.
Table 3. 8 values for single layer transmission
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Message

	0
	1 layer, port 7，nSCID =0

	1
	1 layer, port 7， nSCID =1

	2
	1 layer, port 8， nSCID =0

	3
	1 layer, port 8，nSCID =1

	4
	1 layer, port 11，nSCID =0

	5
	1 layer, port 11，nSCID =1

	6
	1 layer, port 13，nSCID =0

	7
	1 layer, port 13，nSCID =1


Proposal 3. Additional 1 bit should be increased to indicate DMRS configurations.
In Table 3, OCC 4 is assumed for single layer transmission to carry up to 4 orthogonal ports, however, OCC 2 is used for legacy single layer transmission since up to 2 orthogonal ports are supported for MU transmission. As we have known, OCC 2 has better MSE performance compared to OCC 4 when there are only two orthogonal antenna ports are transmitted, and there is a certain probability that up to 2 orthogonal antenna ports are transmitted in certain scenarios, e.g., two rank one UEs are paired, or just one rank one UE in one subframe. Therefore, OCC 2 for up to 2 orthogonal ports should also be included in the new antenna port(s), scrambling identity and number of layers indication table.
Proposal 4. OCC 2 for up to 2 orthogonal ports should also be included in the new antenna port(s), scrambling identity and number of layers indication table.
Considering low probability of more than 2 layers are transmitted for one paired user and spec effort, up to 2-layer is assumed for each paired user in MU-MIMO transmission. That is to say, when a single user transmits more than 2 layers, it should not be paired with other users and assumed to be single user transmission. In other words, the spec is not optimized for MU-MIMO with rank-3 (and above) UE pairing. One example antenna port(s), scrambling identity and number of layers indication table for Rel-13 to support up to 8-layer MU-MIMO transmission is illustrated in Table 4 assuming 4 bits is used.
Table 4. Antenna port(s), scrambling identity and number of layers indication for Rel-13
	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, OCC 2
	0
	2 layers, ports 7-8,  nSCID =0, OCC 2

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

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

	3
	1 layer, port 8，nSCID =1, OCC 2
	3
	2 layers, ports 7-8,  nSCID =1, OCC 4

	4
	1 layer, port 7，nSCID =0, OCC 4
	4
	2 layers, ports 11,13,  nSCID =0, OCC 4

	5
	1 layer, port 7，nSCID =1, OCC 4
	5
	2 layers, ports 11,13,  nSCID =1, OCC 4

	6
	1 layer, port 8，nSCID =0, OCC 4
	6
	3 layers, ports 7-9, OCC 4

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

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

	9
	1 layer, port 11，nSCID =1, OCC 4
	9
	6 layers, ports 7-12, OCC 4

	10
	1 layer, port 13，nSCID =0, OCC 4
	10
	7 layers, ports 7-13, OCC 4

	11
	1 layer, port 13，nSCID =1, OCC 4
	11
	8 layers, ports 7-14, OCC 4

	12
	2 layer, port 7-8, OCC 4
	12
	Reserved

	13
	3 layers, ports 7-9, OCC 4
	13
	Reserved

	14
	4 layers, ports 7-10, OCC 4
	14
	Reserved

	15
	Reserved
	15
	Reserved


3.3. On power imbalance
In current spec, the four OCC codes [a b c d] of each DMRS port are swapped across subcarriers to avoid power imbalance, where [a b c d] and [d c b a] are used for the four DMRS REs in the adjacent two subcarriers, separately. Different from current spec, 4 orthogonal DMRS ports using OCC = 4 and 12 REs are proposed for MU-MIMO transmission for 3D-MIMO.  In the worst case where four layers has the same precoding weights, OFDM symbol #5 and #13 has a larger transmission power than that of OFDM symbol #6 and #12 as illustrated in Fig.1, which will cause eNB power imbalance issue. Therefore, power imbalance issue needs further discussion if Alt.1 is used to support additional DMRS ports.  
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Figure 1. Illustration of power imbalance issue
3.4. On new transmission mode

It is typically understood that a new TM should be introduced if new DCI is introduced, otherwise PDCCH blind decoding number would be concerned. However, there is also previous example that DCI size changes with respect to RRC configuration, such as CIF field in various DCIs. It is also possible to RRC configure which table to be used, a Rel-13 TM9/10 UE may be configured to use table 4 of this contribution, and the UE knows the size of DCI is increased by 1 bit based on such RRC configuration. Therefore we propose:
Proposal 5. RAN1 to further study the following two alternatives for transmission mode:

Alt. 1: new TM is introduced for the above new DCI

Alt. 2: Rel-13 TM9/10 UE is RRC configured to use the table 3 in this contribution, and DCI size is increased by 1 bit if the UE is configured so.

4. Conclusion
This contribution discusses spec impact of additional DMRS ports and following proposals are made.
DMRS design:

Proposal 1. Alt.1 in TR 36.897 is preferred to support up to 8-layer multi-user transmission.
· Alt-1: 12 DMRS REs with OCC=4 for up to total 4 layers per scrambling sequence
Proposal 2.
· For single rank transmission, a UE can be dynamically configured as port 7,8,11,13 with OCC = 4

· For rank two transmission, a UE can be dynamically configured as port 7/8 or port 11/13 with OCC=4

DCI design:

Proposal 3. Additional 1 bit should be increased in DCI to indicate DMRS configurations.
Proposal 4. OCC 2 for up to 2 orthogonal ports should also be included in the new antenna port(s), scrambling identity and number of layers indication table.
An example of the DCI design is as follows:

	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, OCC 2
	0
	2 layers, ports 7-8,  nSCID =0, OCC 2

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

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

	3
	1 layer, port 8，nSCID =1, OCC 2
	3
	2 layers, ports 7-8,  nSCID =1, OCC 4

	4
	1 layer, port 7，nSCID =0, OCC 4
	4
	2 layers, ports 11,13,  nSCID =0, OCC 4

	5
	1 layer, port 7，nSCID =1, OCC 4
	5
	2 layers, ports 11,13,  nSCID =1, OCC 4

	6
	1 layer, port 8，nSCID =0, OCC 4
	6
	3 layers, ports 7-9, OCC 4

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

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

	9
	1 layer, port 11，nSCID =1, OCC 4
	9
	6 layers, ports 7-12, OCC 4

	10
	1 layer, port 13，nSCID =0, OCC 4
	10
	7 layers, ports 7-13, OCC 4

	11
	1 layer, port 13，nSCID =1, OCC 4
	11
	8 layers, ports 7-14, OCC 4

	12
	2 layer, port 7-8, OCC 4
	12
	Reserved

	13
	3 layers, ports 7-9, OCC 4
	13
	Reserved

	14
	4 layers, ports 7-10, OCC 4
	14
	Reserved

	15
	Reserved
	15
	Reserved


Transmission mode design:
Proposal 5. RAN1 to further study the following two alternatives for transmission mode:

Alt. 1: new TM is introduced for the above new DCI

Alt. 2: Rel-13 TM9/10 UE is RRC configured to use the table 3 in this contribution, and DCI size is increased by 1 bit if the UE is configured so.
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