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Discussion
1 Introduction
The on-line discussion in previous meeting was quite intense for determining the transmission scheme 2,

Proposals:

· For rank-1 and multi-PRB transmissions, NR supports transmission scheme 2 using a single DMRS port.

· FFS: The PRB bundling size

· FFS the case of rank-1 and single PRB transmission

· For rank-2, NR supports transmission scheme 2 using two DMRS ports.

· Each data layer is mapped to one out of the two DMRS ports

· FFS: the PRB bundling size

· Objected by:ATT, HW, HiSi, IDC, SS

Proposals:

· NR supports transmission scheme 2 using two DMRS ports with PRG-level precoder cycling for rank 1 

· FFS: The PRB bundling size

· NR supports transmission scheme 2 using two DMRS ports for rank 2.

· For rank 2, each data layer is mapped to one out of the two DMRS ports

· FFS: The PRB bundling size

· Objected by: LGE, Intel, QC, MTK

Proposals:

· NR supports transmission scheme 2 using one DM-RS for rank 1 

· NR supports transmission scheme 2 using two DMRS ports for rank 2.

· For rank 2, each data layer is mapped to one out of the two DMRS ports

· FFS: The PRB bundling size

· Objected by: HW, HiSi, ATT, Nokia, SS, IDC

Proposals:

· NR supports transmission scheme 2 using one DM-RS port or two DM-RS ports with precoding cycling , by UE-specific configuration, for rank 1 

· NR supports transmission scheme 2 using two DMRS ports for rank 2.

· For rank 2, each data layer is mapped to one out of the two DMRS ports

· FFS: The PRB bundling size

Objected by: QC, IDC, Intel, LGE, HW, HiSi

Proposals:

· NR supports transmission scheme 2 using two DM-RS ports with SFBC for rank 1 

· NR supports transmission scheme 2 using two DMRS ports for rank 2.

· For rank 2, each data layer is mapped to one out of the two DMRS ports

· FFS: The PRB bundling size

Objected by: MTK, DCM, SS, ZTE, Intel

Proposals:

· For NR transmission scheme 2, support zero or a single CSI measurement and reporting scheme for a given rank

· Discuss and decide next meeting regarding the transmission scheme for NR transmission scheme 2 for rank 1 and rank 2

In this contribution, we show more analysis on comparing different schemes. Finally the proposal is given.
2 Analysis on transmission scheme for rank=1
Since in LTE, the precoder W for DMRS based transmission can allow the data to transmit through the increasing number of antenna ports. The received signal equation for the SFBC structure (TX diversity) under the DMRS based transmission scheme, is shown in Table 1. For SFBC, it requires two DMRS ports. 
The received signal equation for one DMRS port transmission is shown in Table 2. Comparing Table 1 and 2, the similarities are,

· W can be derived through the closed loop feedback on i1, and i2, or i11, i12 and i2
· The RB level (PRG/PRB) precoder cycling can be configured by the network when i2 is not reported
By utilizing the codebook structure W= W1W2, the RE level co-phasing cycling can be additional applied together with the RB level precoder cycling. Table 3 and 4 show the mathematical expression on this. The two DMRS ports are needed for the RE level co-phasing cycling scheme.
The RE level cycling scheme allocates more different number of precoders in a RB through the co-phasing adjustment, as compared to the RB level cycling scheme. This is the potential diversity gain by the RE level cycling. As comparing Table 2 and 4, the channel estimation on two layers is needed for RE level cycling scheme. Each port in the two DMRS ports has the 3dB power less than that by one DMRS port transmission. The overall performance by simultaneously considering the diversity gain and the channel estimation degradation needs the link level simulation with practically implemented receiver modules.
The further analysis on SFBC structure can be based on the receiver side algorithm. To look at one RE pair, the convenient expression on receiving SFBC signal with 2 RX can be

 [image: image1.emf], and

[image: image2.emf],
where the channel matrix on the RE pair may not be exactly identical and so the different notations by hij and gij are adopted to capture the difference. 
To stack up the received signal from 2RX and the RE pair, it becomes,

[image: image3.emf].
As the zero forcing algorithm is adopted, the output can be written as,

 [image: image4.emf]
The self-interference term is present when the channel variation between the RE pair can’t be ignored. The advanced algorithm for example MMSE, may improve the performance at the cost of performing the matrix inversion on larger dimension. 
It is expected that the RE pair structure of SFBC is more sensitive to the long delay spread channel due to the self-interference term as shown in above equation. 
The link level simulation is conducted to compare different schemes. The results are based on the practical channel estimation with delay spread and Doppler spread estimation. The 4 consecutive PRBs are scheduled in each slot. For the RB level cycling scheme, as PRB bundling size is one, 4 precoders are cycled in a slot. And when PRB bundling size is four, one precoder is allocated in each slot and the precoder is changed per slot until the next i1 (or i11, i12) reporting. Obviously it is again the comparison between the diversity gain and the channel estimation quality.
Observation 1: The precoder W applied to both the TX diversity (SFBC) and one-layer data transmission can be derived through the closed loop and semi-open loop feedback. It means the precoder cycling also applies to the TX diversity (SFBC) scheme

Observation 2: The self-interference will occur on SFBC decoding when the channel variation between the RE pair can’t be ignored. So the SFBC structure is more sensitive to the long delay spread channel

Observation 3: The SFBC structure requires two DMRS ports. The channel estimation performance is surely worse than the scheme of using one DMRS port

The simulation setup is as follows,

· Fixed MCS

· MIMO correlation model defined in 36.101

· 4 PRB scheduling

· Apply longer CE filter to improve CE quality when PRB bundling size > 1

· 12 TX in 2x3x2 antenna array configuration
· Rel-13 codebook configuration 2 for closed loop ( wideband i11, i12, i2) and semi-open loop (wideband i11 and i12) reporting
· RB and RE level cycling based on PRB bundling size 
The different cycling schemes are compared with PRB bundling size 1, 2 and 4 in Fig. 1 to 3 under the long delay spread channel. It is seen that as the bundling size is increased from 1 to 2, the improvement is around 1dB for all the transmission schemes. The transmission with SFBC structure (two-layer data) is still worse than that by one data layer transmission under the closed loop and semi-open loop operations including RB level and RE level cycling schemes.
Fig. 4 shows that each scheme’s performance is quite close under the low MIMO correlation. Fig. 6 and 7 are the results under low delay spread channel. It is seen that the performance of SFBC transmission is closer to that by one data layer transmission.
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TABLE 1, equation for SFBC structure                TABLE 2, equation for one DMRS port
( two layers on DMRS and data for closed loop        transmission ( one layer on DMRS and data for
 and RB level cycling semi-open loop)               closed loop and RB level cycling semi-open loop)    
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    TABLE 3, received signal equation for RE level cycling on SFBC structure
           (two layers on DMRS and data)                               
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 TABLE 4, received signal equation for RE level cycling on one layer transmission 
        (two layers on DMRS and one layer on data)                               

2-1 Concern on small cyclic delay diversity (SCDD)

In [1], the one-layer precoder applies to both DMRS and data RE. The precoder is slightly changed in each subcarrier. More specifically, the two precoders, c1 and c2, are combined through the phase rotation for generalizing the single precoder for transmission. The equation of following the notation in [1] is reproduced in below,
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And it is also stated that

[image: image10.png]For N, = 2. the precoder used for rank-1 SCDD transmission writes as ¢, + c,e/*.




Several concerns from our side are raised for the proposals in [1],

· What’s the mechanism to determine the two precoders? Also it is not clear on if the UE needs to report two PMIs 

· Being transparent means the estimated channel on data RE is directly derived by performing the interpolation through the DMRS, and there is no need to take care the slightly shifted channel on each data RE due to SCDD operation. It is also not clear on the channel estimation accuracy 

Another SCDD implementation proposal can be seen from [2] with the following equation,
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 ( from [2])
Where R denotes the number of layer, Nt the number of transmitted antenna, and k the subcarrier index. For one-layer transmission as R=1, the all-one precoder applies.
When the above equation is adopted for the simulaiton, the performance could be quite poor under middle or high MIMO correlation since the channel matrix is more directional. It can be seen in Fig. 1 and 2. 
Table 5 shows that the SCDD can be operated together with one DMRS port transmission. Fig. 3 shows the results but we don't identify any performance improvement when SCDD is applied.
Observation 4: The precoder cycling can also apply to the SCDD

Observation 5: We don’t see any performance improvement when SCDD is operated together with RB level cycling
Observation 6: For middle or high MIMO correlation channel, the performance of SCDD is very worse if there is no closed loop or semi-open loop feedback

Proposal 1: For rank=1, NR supports transmission scheme 2 using a single DMRS port
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TABLE 5, received signal equation for one layer

 transmission with SCDD ( one layer on DMRS and data for

 closed loop and RB level cycling semi-open loop)    
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  Fig. 1, TDL_C ds=1000ns, PRB bundling = 1         Fig. 2, TDL_C ds=1000ns, PRB bundling = 2
        Middle correlation                            Middle correlation
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  Fig. 3, TDL_C ds=1000ns, PRB bundling = 4
       Middle correlation
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 Fig. 4, TDL_C ds=1000ns, PRB bundling = 2         Fig. 5, TDL_C ds=1000ns, PRB bundling = 2
      Low correlation                               High correlation                     
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  Fig. 6, TDL_C ds=30ns, PRB bundling = 1           Fig. 7, TDL_C ds=30ns, PRB bundling = 2
       Middle correlation                             middle correlation
3 Conclusion
Based on the above, we have

Observation 1: The precoder W applied to both the TX diversity (SFBC) and one-layer data transmission can be derived through the closed loop and semi-open loop feedback. It means the precoder cycling also applies to the TX diversity (SFBC) scheme

Observation 2: The self-interference will occur on SFBC decoding when the channel variation between the RE pair can’t be ignored. So the SFBC structure is more sensitive to the long delay spread channel

Observation 3: The SFBC structure requires two DMRS ports. The channel estimation performance is surely worse than the scheme of using one DMRS port

Observation 4: The precoder cycling can also apply to the SCDD

Observation 5: The performance with and without SCDD on top of RB level cycling scheme is almost the same

Observation 6: For middle or high MIMO correlation channel, the performance of SCDD is very worse if there is no closed loop or semi-open loop feedback

Proposal 1: For rank=1, NR supports transmission scheme 2 using a single DMRS port
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