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Discussion
1 Introduction
In this contribution, we focus on 2 issues on DL DMRS, which are,
· The power boosting on DMRS

· Orthogonal cover code arrangement for two DMRS symbols
For the second issue, we have stated our view in previous contribution.
2 Concern on power boosting 
In LTE, the power boosting is allowed for the case that when there are 4-layer transmission and each DMRS CDM group is multiplexed with 2 layers, the power is boosted on each DMRS CDM group so that at the receiver, the power on DMRS RE and data RE is the same. Without the power boosting on the case, the power on DMRS RE is 3dB smaller than that on data RE.
The uniform power between DMRS RE and data RE is preferred from UE implementation point of view. The complexity of interference suppression and interference cancellation is quite different. If the neighbour cell has uniform power between DMRS RE and data RE then the interference suppression maybe sufficient. 

DMRS can be boosted by borrowing the power from the RE for data transmission through rate matching in the same OFDM symbol and in this way the coding rate is increased slightly. If this is the interference from the neighbour cell, the UE will encounter the 3 different interference power levels. So, even without DMRS cancellation, the UE may still need to deal with 3 different power levels by suppression. 
We support the power boosting of making DMRS RE and data RE at same power level from UE perspective. The power boosting on DMRS to cause multiple power levels on DMRS RE and data RE is not considered.
So we have,

Proposal 1: Consider the power boosting of making DMRS RE and data RE at same power level from UE perspective. The power boosting on DMRS to cause multiple power levels on DMRS RE and data RE is not considered
3 Orthogonal cover code for two front loaded DMRS symbols 
This section has been stated in previous contribution.

TABLE 1 shows the current OCC in draft 38.211 and Fig. 1 shows the OCC for 4-port multiplexing in two symbols by using TABLE 1. The root cause of power imbalance is, some of the 4 superimposed codes {+1, +1, +1, +1}, {+1, -1, +1, -1}, {+1, +1, -1, -1} and {+1, -1, -1, +1} may induce zero power on the DMRS REs. If the superimposed codes of inducing zero power appear at a DMRS symbol, and the codes without inducing zero power instead appear at another DMRS symbol, the power imbalance between symbols may happen.
Theoretically, if the 4 superimposed codes can appear altogether at each DMRS symbol more uniformly, the power imbalance can be reduced.

Before discussing OCC for two symbols and the power imbalance issue, let’s look at the OCC design in LTE. Fig. 2 shows the TD-OCC of length =4 and the default order and the reversed order are arranged by interlaced manner. Fig. 3 further shows the 4-port multiplexing by port 7, 8, 11 and 13. It is seen that even though the reversed order of OCC is applied, the 4 superimposed codes still can’t appear altogether in each DMRS symbol. This is the reason during the Rel-13 FD-MIMO discussion, the power imbalance concern is raised. At the end it is agreed by eNB implementation for resolving the issue. 
For NR, let’s consider to define the OCC with the reversed order. And then let’s check whether the power imbalance issue can be mitigated more effectively than that in LTE, when the OCC with the reversed order is applied.
The FD-OCC of length = 2, together with TD-OCC of length = 2 are to create the OCC across frequency and time domain with length = 4. Let’s briefly call it as FD-TD-OCC. By leveraging the notations k’ and l’ defined in draft 38.211, the definition of the default order and the reversed order for FD-TD-OCC is as follows,

· Default order: i= k’ + 2*l’,   k’= 0, 1 and l’= 0, 1
· Reversed order candidate 1: i= (1-k’) + 2*(1-l’),  k’= 0, 1 and l’= 0, 1

· Reversed order candidate 2: i= k’ + 2*(1-l’),  k’= 0, 1 and l’= 0, 1

TABLE 2 to 5 show the default order and the reversed order of two candidates for the FD-TD-OCC. The concept of virtual port p’=0, 1, 2 and 3 is introduced here. The reason is, the OCC on each antenna port p can be associated to that in one of the virtual ports. Also, the definition of port indexing can be avoided since it is not the issue to discuss in this section.
The two candidates of reversed order are considered. The correspondence between our notation and that in draft 38.11 is,
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Instead of using the notation in 38.11, our notation is adopted in this contribution due to being more concise.
Fig. 4 shows the OCC arrangement for the 4-port multiplexing in two symbols. The reversed order of candidate 1 and the default order for OCC are applied in interlaced manner. The power imbalance issue is significantly mitigated for the reason that the 4 superimposed codes {+1, +1, +1, +1}, {+1, -1, +1, -1}, {+1, +1, -1, -1} and {+1, -1, -1, +1} on the DMRS REs appear altogether in each DMRS symbol. Without placing OCC with reversed order, which is shown in Fig. 1, the superimposed codes {+1, +1, +1, +1} and {+1, -1, +1, -1} appear only at 1st symbol, and at the 2nd symbol only {+1, +1, -1, -1} and {+1, -1, -1, +1} exist.
Fig. 5 is to apply the reversed order of candidate 2. The candidate 2 can also allow the 4 superimposed codes to appear altogether in each DMRS symbol.
The selection of using candidate 1 and candidate 2 may rely on other cases. Let’s check the two-port multiplexing using TD-OCC in two symbols. Fig. 6 shows the OCC arrangement of using port 1000 and 1004 by draft 38.211. Note that the OCC on port 1000 and 1004 is equal to that on p’= 0 and p’= 2, respectively.
Fig. 7 shows the OCC arrangement of using p’= 0 and p’= 3 when the reversed order of candidate 1 is applied. The advantage of using candidate 1 is, it still retains the frequency domain structure of comb-2 with 2cs, even though both the TD-OCC and the reversed ordering are applied. As such, it gives the UE more flexibility on determining the channel estimation algorithms, such as IFFT based, or dispreading oriented. 

When candidate 2 is applied as shown in Fig. 8, the frequency domain structure of comb-2 with 2cs is destroyed. So the candidate 1 is better if taking the UE implementation into account.
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Fig. 1: OCC for 4-port multiplexing according to current
draft 38.211 (as also shown in TABLE 1)
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Fig. 2: The orthogonal cover code arrangement in LTE. The reversed order of TD-OCC is applied in terms of PRB index and DMRS location in a RB
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TABLE 1: The current orthogonal cover code arrangement in NR draft 38.211
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Fig. 3: The orthogonal cover code for 4 ports in LTE. Even though the reversed order is applied, the potential power
        imbalance issue is still there and it is agreed in Rel-13 by eNB implementation for resolving the issue 
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TABLE 2: OCC for FD-TD-OCC
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TABLE 3: default order i= k’+ 2*l’
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TABLE 4: reversed order candidate 1: i= (1-k’)+ 2*(1-l’)
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TABLE 5: reversed order candidate 2: i= k’ + 2*(1-l’)
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Fig. 4: Apply reversed order of candidate 1        Fig. 5: Apply reversed order of candidate 2
      for 4-port multiplexing                         for 4-port multiplexing
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  Fig. 6: TD-OCC on two ports in two symbols
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 Fig. 7, the reversed order candidate 1 is applied for       Fig. 8, the reversed order candidate 2 is applied for
       2-port multiplexing in 2 symbols by TD-OCC             2-port multiplexing in 2 symbols by TD-OCC
4 Conclusion
Based on the above, we have

Observation 1: Some of the 4 superimposed codes {+1, +1, +1, +1}, {+1, -1, +1, -1}, {+1, +1, -1, -1} and {+1, -1, -1, +1} may induce zero power on the DMRS REs. If the superimposed codes of inducing zero power appear at a DMRS symbol, and the codes without inducing zero power instead appear at another DMRS symbol, the power imbalance between symbols may happen

Observation 2: If the 4 superimposed codes can appear altogether at each DMRS symbol more uniformly, the power imbalance between symbols can be reduced

Observation 3: In LTE, even though the reversed order of OCC is applied, the 4 superimposed codes still can’t appear altogether in each DMRS symbol. This is why the power imbalance concern is raised in Rel-13 FD-MIMO

Observation 4: Applying OCC with the reversed order can more effectively mitigate power imbalance in NR, as compared to that in LTE. The reason is, the superimposed codes {+1, +1, +1, +1}, {+1, -1, +1, -1}, {+1, +1, -1, -1} and {+1, -1, -1, +1} on the DMRS REs appear altogether in each DMRS symbols
Observation 5: For two-port TD-OCC case, when the reversed ordering is applied, the reversed order of candidate 1 by the equation wf(1-k’)*wt(1-l’) can still retain the frequency domain structure of comb-2 with 2cs. As such, it gives the UE more flexibility on determining the channel estimation algorithms, such as using IFFT based, or dispreading oriented

Proposal 1: Consider the power boosting of making DMRS RE and data RE at same power level from UE perspective. The power boosting on DMRS to cause multiple power levels on DMRS RE and data RE is not considered

Proposal 2: The reversed order on OCC can be considered in NR

Proposal 3: The time-frequency reversed order by using the equation wf(1-k’)*wt(1-l’) can be considered
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