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1.1. Introduction
In this contribution, we address the time/frequency Walsh code mapping variation left as FFS in RAN WG1 #58bis meeting. Here we show and analyze average peak power problem and time/frequency Walsh code mapping variation methods to overcome this problem.
2.1. Walsh code variation and average peak power problem
During RAN WG1 #58bis it was agreed to have a same common sequence for all layers, where DM RS for each layer utilizes different CDM code to orthogonalize the DM RS. The simplest method of assigning CDM code for each DM RS layer is to assign { +1, +1 } code to first layer and { +1, -1 } to second layer for all the CDM RE set within the allocated RBs as shown in Figure 1.
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Figure 1.
The DM RS sequence for each layer is multiplied with a precoding element and multiplexed (add) together. This means that for certain precoding matrix row vector such as [ +1, +1 ] or [ +1, -1 ], the DM RS sequence values are combined and transmitted on to a physical antenna port. From combining of CDM codes to a physical antenna port, certain precoded REs may have twice the power and certain precoded RE may have zero power. Figure 2 shows an example of a certain frequency subcarrier, DM RS sequence prior to precoding and after precoding.
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Figure 2.
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Figure 3.
If we assume a wideband precoding, then all the DM RS REs within a physical antenna port in certain OFDM symbol may have twice the power (in case of 2 layer transmission) or zero power. IF we assume to multiplex 4 layers in CDM manner than DM RS REs in certain OFDM symbol have four times the power or zero power. Figure 3 shows worst case scenario for a certain physical antenna port where the average transmit power for each OFDM symbol changes.
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Figure 4.
This can be critical issue for eNB with high cost PAs, where some of the PAs will need to be designed so that it can transmit higher power output in certain OFDM symbols. From this perspective it is beneficial to randomize the CDM codes so that precoded DM RS values changes across frequency. One method of randomizing the CDM codes is to map the Walsh code differently in each frequency subcarrier carrying DM RS as proposed in [1]. This is shown in Figure 4. The issue with proposal of alternating mapping of Walsh code in frequency domain is that it is not a scalable solution up to 4 layers. This is shown in the example Figure 5. The average power from Tx antenna 1 will be a summation of REs in subcarrier k and k+4. Although the alternating Walsh codes help mitigates the peak power somewhat, it does not eliminate the issue at all. Thus we believe more general approach of solving peak power problem should be considered. Additionally, the large variation of signal strength in time domain, also effects UE reception of transmitted signals due to large time/frequency dynamic range. 
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Figure 5.
The proposed solution in [1] is basically randomizing the Walsh code for the second layer. This can be re-formulated as Walsh code multiplied by different values in each subcarrier carrying DM RS as shown in Figure 6. If we allow sufficient randomization of each DM RS layer, then we can remove the peak power problem even for 4 CDM layers.
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Figure 6.
This means that by multiplying each Walsh code by a certain value in either frequency or time domain, it will be possible to randomize precoded DM RS REs for each physical antenna port. One possible method of scaling to 4 DM RS layers is shown in Figure 7.
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Figure 7.
3.1. Conclusion
We believe peak power problem due to usage of same Walsh code over different CDM RE set is may be critical to eNB PA design and UE receiver implementation. Thus we propose to multiply the Walsh code used in each layer(s) by certain (or even random) value, which allows randomization of precoded DM RS REs. We believe this will be a scalable solution especially if we decide to have 4 CDM DM RS layers for Rel-10. Example of this proposal for 2 CDM layers is shown in Figure 6 and Figure 7.
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