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Discussion
1 Introduction
In previous meeting, there is no consensus on the transmission scheme for open loop/semi-open loop for different ranks. One major argument is whether the SFBC should be supported for rank =1 transmission.
In this paper, we focus on the analysis on the rank=1 and rank=2 transmission schemes. Through the mathematical development, several variants are derived based on the structure of SFBC and spatial multiplexing. The simulation is conducted to compare performance between the SFBC and SM based variants. And finally, our proposals are expressed.

2 Mathematical analysis on SFBC based structure
The received SFBC signal on two neighbouring REs can be written as,
[image: image1.emf]      (1)
[image: image2.emf](2)
Note that the precoding matrix W contains two layers, with the dimension of 2N1N2 x 2, where N1 and N2 represent the antenna port number on horizontal and vertical dimension, respectively. The F-norm of W is equal to one.
It is transparent to the UE when W is changed at the RB level. A specific W can be derived when i1 and i2, or i11, i12 and i2 are known from the two-stage codebooks. Even when only i1, or i11 and i12 are reported from the UE, the network can still assign W by indicating different i2 on the RB level.
Eqn. 1 and 2 can be further expressed as below by eq. 3 and eqn. 4, which is to exploit the two-stage codebook structure, where the vector bm has the form which is described in 36.213, with dimension of N1N2 x1.
[image: image3.emf]  (3)
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Then the operation on the RE level which is non-transparent to the UE consists of 

[image: image5.emf]  

and 
[image: image6.emf],
where the co-phasing angles theta2i and theta2i+1 in a RE pair should be the same. One potential impact on including the co-phasing cycling at the RE level is to put the restriction on the two layers that the assigned beams should be identical.
Based on the above, there are two SFBC based semi-open loop schemes. They are RB level precoder cycling which is shown in eqn. 1 and eqn. 2, and RB level precoder cycling with additional RE level co-phasing cycling, as expressed in eqn. 3 and eqn. 4.

Observation 1: Eqn. 1 and eqn. 2 denote the SFBC based transmission by RB level precoder cycling, and Eqn. 3 and eqn. 4 are that by RB level precoder cycling with additional RE level co-phasing cycling
3 Mathematical analysis on spatial multiplexing based structure
The received one-layer SM signal is expressed as,

[image: image7.png]


,  (5)
which can be further written as
[image: image8.emf], [image: image9.emf]  ,  (6)
It means, when the RE level co-phasing cycling is applied to the one-layer transmission, the reference signal is certainly on two-layer transmission. It is quite doubtful on whether the increasing diversity by the RE level cycling can compensate the performance loss on two-layer channel estimation. 
The non-transparent part to the UE is the co-phasing vector
[image: image10.emf],

which should be pre-defined in the specification, if this scheme is adopted.

Observation 2: Eqn. 5 denotes the one-layer spatial multiplexing based transmission by RB level precoder cycling, and eqn. 6 is that by RB level precoder cycling with additional RE level co-phasing cycling 
Let’s express the received two-layer SM signal as
[image: image11.emf],   (7)
which can be further expressed as below by exploiting the two-stage codebook structure,

[image: image12.emf].  (8)
Eqn. 8 should be re-written to eqn. 9. As such the PDSCH EPRE to DMRS EPRE is equal to 0dB. 
[image: image13.emf].  (9)
The non-transparent part to the UE is the co-phasing matrix

[image: image14.emf],   [image: image15.emf]
Observation 3: Eqn. 7 denotes the two-layer spatial multiplexing based transmission by RB level precoder cycling, and eqn. 9 is that by RB level precoder cycling with additional RE level co-phasing cycling 

4 Simulation results

Fig. 1 to Fig. 4, the SFBC and SM based RB level cycling, RB + RE level cycling are compared on different speed and MIMO correlation conditions. The close loop and the open loop with random PMI are also simulated as benchmarking purpose. The link adaptation is adopted. The Rel-13 codebook configuration 2 is applied and the TX port is of 12. The RX antenna is 2. For the close loop operation, i11, i12 and i2 are reported. i11 and i12 are reported for the semi-open loop operation.
For high correlation case in Fig. 1 and Fig. 3, it is evident that both the SM based transmission schemes, RB level cycling, and RB+ RE level cycling, are better than that by SFBC based ones for more than 10%. The performance gap is not significant under middle MIMO correlation. 
The RB level cycling scheme also outperforms RB+RE level cycling one as we look into the spatial multiplexing cases. It shows that the diversity gain from the RE level cycling can’t compensate the degradation upon performing two-layer channel estimation. 
Fig. 5 and 6 show the performance on the two-layer spatial multiplexing based schemes. There is no significant difference between RB level cycling and RB+RE level cycling on the case of middle MIMO correlation with speed 120km/hr.
Observation 4: SFBC based schemes have worse performance than one-layer spatial multiplexing based schemes. And it is well known the orphan RE issue when SFBC is applied

Observation 5: In one-layer spatial multiplexing, the RB level precoder cycling scheme outperforms the one by RB level precoder cycling with RE level co-phasing cycling

Observation 6: For two-layer spatial multiplexing, there is no significant performance difference between RB level cycling and RB+RE level cycling on the case of middle MIMO correlation with speed 120km/hr
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 Fig. 1-a, one layer, high corr, 3km/hr, link adaptation         Fig. 1-b, average throughput comparison
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Fig. 2-a, one layer, middle corr, 3km/hr, link adaptation        Fig. 2-b, average throughput comparison
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Fig. 3-a, one layer, high corr, 120km/hr, link adaptation         Fig. 3-b, average throughput comparison
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Fig. 4-a, one layer, middle corr, 120km/hr, link adaptation       Fig. 4-b, average throughput comparison
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Fig. 5-a, TWO layers, middle corr, 120km/hr, link adaptation    Fig. 5-b, average throughput comparison
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Fig. 6, TWO layers, middle corr, 120km/hr, fix MCS=14
5 Conclusion
Based on the above, we have

Observation 1: Eqn. 1 and eqn. 2 denote the SFBC based transmission by RB level precoder cycling, and Eqn. 3 and eqn. 4 are that by RB level precoder cycling with additional RE level co-phasing cycling
Observation 2: Eqn. 5 denotes the one-layer spatial multiplexing based transmission by RB level precoder cycling, and eqn. 6 is that by RB level precoder cycling with additional RE level co-phasing cycling 

Observation 3: Eqn. 7 denotes the two-layer spatial multiplexing based transmission by RB level precoder cycling, and eqn. 9 is that by RB level precoder cycling with additional RE level co-phasing cycling 

Observation 4: SFBC based schemes have worse performance than one-layer spatial multiplexing based schemes. And it is well known the orphan RE issue when SFBC is applied
Observation 5: In one-layer spatial multiplexing, the RB level precoder cycling scheme outperforms the one by RB level precoder cycling with RE level co-phasing cycling

Observation 6: For two-layer spatial multiplexing, there is no significant performance difference between RB level cycling and RB+RE level cycling on the case of middle MIMO correlation with speed 120km/hr.  

Proposal 1: Adopt spatial multiplexing with RB level precoder cycling for rank=1 transmission 
Proposal 2: For rank=2 transmission, the RB level precoder cycling scheme can be considered
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