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1. Introduction
In RAN1#59bis, some details on MU-MIMO design were agreed and some aspects were considered for further study as shown below and captured in the chairman’s notes: 
For the design of downlink signaling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 

Note: Two alternatives are to be studied:

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined

· 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one).

· Note that in any case TM8 will remain specified in Rel-10. 

In this document, we propose further design details on MU-MIMO orthogonal DM RS ports, and scrambling sequence design.

2. Orthogonal DM RS ports

In Release 9, 2 orthogonal DM-RS ports and 2 scrambling sequences are the baseline as already defined. The focus in Release 9, however, was to enable dual layer beamforming and efficient MU up-to total of 2 layers with support of MU for up-to 4 layers with quasi-orthogonal DM-RS. As has been agreed, Transmission Mode 8 supporting 2 orthogonal DM-RS ports and 2 scrambling sequences will remain to be specified in Rel-10.
In addition, expanding efficient MU support to 4 orthogonal DM-RS ports (with 1 scrambling sequence) in Release 10 is beneficial for following reasons:
i) Channel estimation can be improved with orthogonal ports when 4 UEs are scheduled. This is expected since per-PRB receiver processing can be highly sensitive to scrambling sequence pseudo-orthogonality.
ii) Previous studies [4]-[7] have shown that up to 4-layer transmission has a good performance benefit, and the LTE-A MU-MIMO assumptions agreed in RAN1#59bis support scheduling of 4 UEs/layers. Hence it is a useful case for performance optimization.
Two options exist for supporting the 4 orthogonal DM RS ports:

i) CDM+FDM DM-RS pattern (24 REs / RB) with length-2 Orthogonal Cover Codes (OCC)  occupying both CDM Groups 

ii) CDM DM-RS pattern (12 REs / RB) on CDM group 1 with length-4 Orthogonal Cover Codes (OCC)
The lower overhead of option (ii) using 4 OCC (Orthogonal Cover Codes) on the same set of DRS REs as Rel-9 (12REs, normal CP, CDM group 1 as shown in Figure 1, [1]) avoids impact on Release-9 UEs as much as possible with MU-MIMO operation support between Rel-9 and Rel-10 UEs:

i) No interference or puncturing on Rel-9 data REs (on CDM group 2 REs) as would be if CDM group 2 would be used for orthogonal DM RS. Rel-9 UEs are not aware of these new DM-RS REs corresponding to CDM group 2.
ii) No reduction in the number of data REs for Rel-10 UEs (as would be if CDM group 1 Rel-9 DM-RS REs are not used for data transmission to Rel-10 UEs with DM-RS on CDM group 2). 

iii) No need for signaling any power offset information (or the number of co-scheduled MU layers) with length-4 OCC for the 4 orthogonal DM-RS ports.
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Figure 1 – Normal CP DM-RS Pattern for supporting up to 8-layer transmission.
Proposal 1: 

· CDM DM-RS pattern (12 REs / RB, same set of DM-RS REs as Rel-9 ) on CDM group 1 with length-4 Orthogonal Cover Codes - 4 orthogonal DM RS ports and 1 scrambling sequence – be defined for MU-MIMO support in Rel-10.

· Rel-9 - 2 orthogonal DM-RS ports and 2 scrambling sequences - will remain to be specified in Rel-10
3. Length-4 OCC Codes for Release 10

The existing length-2 OCC codes for Release-9 can be seen as two distinct length-4 OCC codes:

s0 = [ +1   +1   +1   +1]

s1 = [ +1    -1   +1    -1].
 We propose to augment these two length 4 OCC codes by adding two additional codes based on simple complex scrambling sequences as shown in option 3 in Figure 2 below.
s2 = [+1    -j    -1    +j ]

s3 = [+1   +j    -1     -j ]
 The figure also shows the other possible options. 
Option 1: (legacy option) Use the existing 2 OCC + 2 scrambling sequences. 

As mentioned above, this option sacrifices performance. The SNR that can be supported would be determined by the MU interference suppression gain, due to channel estimation flooring at high SNRs. As an example, if MU suppression of the beam-formed channel on different scrambling sequences is 10 dB, then at SNRs > 10 dB (approximately) degradation could be significant.
Option 2: Use of length 4 Walsh OCC 

This avoids the above problem for release-10 UEs, but can degrade performance (depending on channel estimator implementation, Doppler conditions) for a simultaneous schedule of release 9 and 10 UEs with a total of 4-layer transmission. A Rel-9 UE with OCC code 0 (and length-2 OCC de-spreading) cannot suppress interference from a Rel-10 UE using OCC code 3. If such a mix is not envisioned, then this is preferable for performance reasons.
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Figure 2 – Length 4 Complex OCC for Release 10.
Option 3: Use of augmented length 4 complex OCC

In this option, two codes are retained from release 9 and two additional complex codes are added. The advantages of this option are

i) Release 10 UEs can use the existing orthogonal codes

ii) With a mix of two release 9 and two release 10 (or 2+1 / 1+2) UEs, release 9 UEs can use the legacy OCC (s0, s1), while release 10 uses the new complex OCC. Similarly, a rank 2 release 9 UE and a rank 2 release 10 UE can be scheduled together (or 2+1 / 1+2).  

iii) Release-9 UEs after de-spreading the length 2 OCCs, will see 3 dB suppression on the interfering channel corresponding to new complex codes. It should be noted the existing Rel-9 scrambling codes with QPSK sequences provide the same average suppression for release-9 UEs. The new complex OCC codes appear to the Rel-9 UEs using existing OCC codes (0 and 1) as a different scrambling sequence. 
iv) Release-9 UEs implementations (length-2 OCC de-spreading) exploiting the channel doppler characteristics can achieve near orthogonality with Rel-10 UEs using the complex OCC codes in low mobility environments. 

In summary, the augmented codes allow similar performance for release-9 UEs, while allowing complete orthogonality for 4 layers for release-10.
Option 4: Use CDM+FDM to achieve orthogonality

CDM+FDM option has also been proposed, where length 2 OCC as in release-9 are retained, but additional orthogonal ports are defined in an FDM fashion on a different set of DM-RS REs in CDM Group 2. However, 12 additional REs need to be assigned for a total of 24 REs per RB. The drawbacks of this scheme are that i) Release-9 UEs are not aware of these new REs and suffer some performance degradation due to puncturing effect ii) Release-10 UEs loose performance to overhead increase (~10%). On the other hand, it has the benefit of slightly better high mobility performance compared to length 4 OCC in options 1 & 2 above. 

It has been shown in [3][4], that the additional DM-RS overhead of the CDM+FDM option 4 for orthogonal DM RS ports results in a net throughput loss compared to the quasi-orthogonal (2 orthogonal ports + 2 scrambling sequences) option 1 and the length-4 OCC on CDM Group 1 (Option 2 and 3), and is thus not preferred. 
Proposal 2: 

· Augmented Length-4 Complex OCC.

s0 = [ +1   +1   +1   +1]

s1 = [ +1    -1   +1    -1]

s2 = [+1    -j    -1    +j ]

s3 = [+1   +j    -1     -j ]

4. Control Signalling Support for Transparent MU-MIMO

A Rel-10 supporting up to 8 layers (SU/MU) requires indication of the assigned number of layers assigned and the antenna ports in the PDCCH DCI format. As in Rel-9, the MU-MIMO signaling can be transparent with no indication of whether the UE is in MU with another UE and a single DCI format can support dynamic switching between SU and MU operation. 

Assuming a (relative) antenna port mapping for CDM Group 1 as CDM Group 1:  0, 1, 4, 6 using OCC codes s0, s1, s2, s3 respectively, MU-MIMO using 4 orthogonal DM RS ports and 1 scrambling sequence (SC_id=0) requires control signalling support for:

i) Rank-1 transmission on either of the antenna ports 0, 1, 4, 6 
ii) Rank-2 transmission on either antenna ports pairs {0, 1} and {4, 6}
Antenna ports 0 and 1 use Rel-9 OCC codes s0 and s1 on the Rel-9 DM-RS REs (in CDM group 1) using scrambling sequence ID = 0. As has been agreed, Transmission Mode 8 will remain to be specified in Rel-10 supporting signalling of the two scrambling sequences. The control signalling supports MU-MIMO operation between Rel-9 and Rel-10 UEs as shown in Table 1. 
Table 1. MU-MIMO operation between Rel-9 and Rel-10 UEs.

	UE2\UE1
	R9 rank-1
(DCI Format 2B)
	R9 rank-2

(DCI Format 2B)
	R10 rank-1
	R10 rank-2

	R9 rank-1

(DCI Format 2B)
	UE1- port#0 Scr_id=0

UE2- port#1 Scr_id=0
	UE1- port#0+1 Scr_id=0

UE2- port#0 Scr_id=1
	UE1- port#0 Scr_id=0

UE2- port#1 Scr_id=0
	UE1- port#4+6 Scr_id=0

UE2- port#0 Scr_id=0

	R9 rank-2

(DCI Format 2B)
	UE1- port#0 Scr_id=0

UE2- port#0+1 Scr_id=1
	UE1- port#0+1 Scr_id=0

UE2- port#0+1 Scr_id=1
	UE1- port#4 Scr_id=0

UE2- port#0+1 Scr_id=0
	UE1- port#4+6 Scr_id=0

UE2- port#0+1 Scr_id=0

	R10 rank-1
	
	
	UE1- port#0 Scr_id=0

UE2- port#1 Scr_id=0
	UE1- port#0+1 Scr_id=0

UE2- port#4 Scr_id=0

	R10 rank-2
	
	
	
	UE1- port#0+1 Scr_id=0

UE2- port#4+6 Scr_id=0


More details on the control signaling design can be found in [2].
5. Conclusions

In this contribution, we propose an augmented length 4 complex OCC design on the same set of DRS REs as Rel-9 (CDM Group 1) to ensure backwards compatibility to Release 9 UEs, while ensuring optimal performance for Release 10 UEs in MU-MIMO operation. In summary, the main advantages of this approach are 

i) Release 10 UEs can use the 4 orthogonal codes

ii) With a mix of two release 9 and two release 10 UEs, release 9 UEs can use the legacy OCC, while release 10 uses the new complex OCC. Similarly, a rank 2 release 9 UE and a rank 2 release 10 UE can be scheduled together.  

iii) Release-9 UEs after de-spreading the length 2 OCCs, will see a 3 dB suppression on the interfering channel corresponding to new codes. It should be noted the existing scrambling codes with QPSK sequences provide the same average suppression for release-9 UEs. 

iv) Release-9 implementations exploiting the channel doppler characteristics can achieve near orthogonality with Rel-10 UEs using the complex OCC codes in low mobility environments.
We thus propose the following for DM RS ports / scrambling sequence design, and SU/MU-MIMO control signaling:
Proposal 1: 

· CDM DM-RS pattern (12 REs / RB, same set of DM-RS REs as Rel-9 ) on CDM group 1 with length-4 Orthogonal Cover Codes - 4 orthogonal DM RS ports and 1 scrambling sequence – be defined for MU-MIMO support in Rel-10.

· Rel-9 - 2 orthogonal DM-RS ports and 2 scrambling sequences - will remain to be specified in Rel-10
· Defer selection (if any) between the two alternatives until CSI feedback design has been progressed sufficiently to take in to account any improvements in CSI quantization accuracy / multiple-access interference reduction over Rel-8/9 design.
Proposal 2: 

· Augmented Length-4 Complex OCC.

s0 = [ +1   +1   +1   +1]

s1 = [ +1    -1   +1    -1]

s2 = [+1    -j    -1    +j ]

s3 = [+1   +j    -1     -j ]
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