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Introduction
In the WID on enhancements on MIMO [1], one of the objectives is to conclude on the peak-to-average power ratio (PAPR) issue related to the Rel-15 mapping of DMRS for PDSCH/PUSCH in CP-OFDM. 
[bookmark: _Hlk524598129]Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
The DMRS PAPR issue is concluded and studied in [2][3] from which Rel-15 DMRS mapping can increase the PAPR and CM up to 4dB in comparisons to PAPR/CM of symbols with data only; a devastating impact on the throughputs with higher order modulations. 
In this contribution, we discuss Rel-16 enhancements to DMRS with respect to
· PAPR and CM as of data
· Backward compatibility
· Low complexity
· Small specification impacts
Discussion
PAPR and CM as of data
The PAPR issue is a consequence of mapping same DMRS sequence to antenna ports across the CDM groups. This results in a repetition of sequence values in the frequency domain which can translate to a higher PAPR than alternative mappings that would have avoided such repetition. According to the WID [1], an enhancement of the DMRS should not change the RE mapping specified in Rel-15. In other words, a solution to the PAPR issue shall not change the mapping of DMRS ports with respect to subcarrier and symbol indices , respectively.
To solve the PAPR issue, one need to break the excessive repetitions of sequence values in the frequency domain that follow by mapping same DMRS sequence to all CDM groups. One way to break these repetitions, and by then solve the PAPR issue, is to introduce subcarrier-specific DMRS sequences [4], either with a common PRBS initialization of the CDM groups or alternatively with a CDM group specific initialization. In the former case, the sequences mapped on CDM groups refer to subsets of a long sequence.
Another way to break these repetitions is to modify the Rel-15 DMRS sequences for CDM group 1 and 2 as shown in Figure 1. Instead of scrambling the CDM groups differently, regular patterns of +1 and -1 are here applied to the Rel-15 DMRS sequence for CDM group 1 and 2, whereas the Rel-15 DMRS sequence mapped to CDM group 0 is unchanged. As shown in Figure 2, such extension of Rel-15 DMRS sequences solves the PAPR issue. 
In Figure 2, the CCDFs of the power-to-average power ratios for single-DMRS transmissions with 4 ports (type 1) and 6 ports (type 2) are compared with and without the Rel-15 DMRS sequence extension. We observe that with the extension of the Rel-15 DMRS sequence in Figure 1, both PAPR and CM are now matching the corresponding PAPR/CM of data (baseline). (The PAPR values shown in the plot legend refer to the  probability that the power will be  dB above the average power.) 
Modifying Rel-15 DMRS sequences as in Figure 1 solves the PAPR issue.
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[bookmark: _Ref525054507]Figure 1. Extensions of Rel-15 DMRS sequence to solve the DMRS PAPR issue.
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[bookmark: _Ref525053289]Figure 2. CM and PAPR comparisons between Rel-15 and extended Rel-15 DMRS sequences.
Backward compatibility
The DMRS sequence used before RRC configuration can, evidently, not be changed without impacting legacy UEs so the Rel-15 sequence mapped on DMRS port 0 (1000) for such communications needs to be unchanged. Although it would in principle be possible to use another sequence after RRC configuration for multi-layer transmissions, one would then have to handle transmission type dependent DMRS sequence mapping on DMRS port 0.
Modifying Rel-15 DMRS sequences as in Figure 1 preserves backward compatibility for communications before RRC configuration.
In a specification-based solution to the PAPR issue, the DMRS sequence mapped to CDM group 0 is as in Rel-15.
Another backward compatibility aspect relates to MU-MIMO in which UEs may share ports within the same CDM group, given that the UEs are configured with same scrambling ID. A prerequisite for sharing DMRS ports in the same CDM group is that orthogonality can be preserved between the ports, as is the case when FD-OCC is applied to a common base sequence. When changing the base sequence, orthogonality may not be preserved.
Let us make some observations on Rel-15 MU-MIMO operations with respect to DMRS port sharing within CDM groups before continuing the discussions on backward compatibility. A first observation is that due to the PAPR issue a UE should be assigned ports from one CDM group only. A second observation is that due to the PAPR issue, UEs should not be configured with one common scrambling ID (e.g. the physical cell ID). A third observation is that due to the PAPR issue the network may configure UEs for MU-MIMO operations with same pair of two scrambling IDs in conjunction of being configured with DMRS type 1 to avoid scheduling/UE-pairing restrictions. In other words, due to the PAPR issue and that a UE can be configured with at most two scrambling IDs, DMRS type 2 with three CDM groups would in this case not fully benefit of supporting more orthogonal ports than type 1.
Due to the PAPR issue and that a UE can be configured with at most two scrambling IDs, DMRS type 2 cannot fully benefit of supporting more orthogonal ports in MU-MIMO.
The modified Rel-15 sequences depicted in Figure 1 can be viewed as being based on a common base sequence where the sign of the FD-OCC in CDM group 1 and 2 is toggled as shown in Figure 3. We then observe that a UE being assigned a DMRS port associated with [+1 +1] will be orthogonal to ports associated with [+1 -1] and [-1 +1], or correspondingly a UE being assigned a DMRS port associated with [+1 -1] will be orthogonal to ports associated with [+1 +1] and [-1 -1]. Hence, orthogonality in frequency domain can be preserved with the modified Rel-15 sequences depicted in Figure 1.
Modifying Rel-15 DMRS sequences as in Figure 1 preserves FD-orthogonality.
Preserving FD-orthogonality is a necessary condition for sharing ports via FD-OCC but may not be sufficient for being transparent to a Rel-15 UE in the sense that a Rel-15 UE may take the overall CDM structure into account in the demodulation to perform cancellation of co-channel PDSCH interference.
Consider a situation where a Rel-15 UE capable of performing PDSCH IC is being co-scheduled with ports in CDM group 1, or 2, together with a Rel-16 UE with a modified DMRS sequence, then an estimate (after matched filtering) of the interfering channel in the frequency domain results in estimated channel coefficients that alternate sign. If assuming that the UE perform some FD-filtering, then the energy of the estimated channel of the interferer would likely be small, implying the that the UE may conclude that there are no co-scheduled UEs in CDM group 1 and by then will not try to cancel interfering PDSCH.
In the PDSCH IC example discussed above, the Rel-15 UE would not benefit of being capable of cancelling PDSCH and thus basically face a receiver performance of a UE without PDSCH IC. A situation much worse from a transparency perspective would be if a Rel-15 UE configured with DMRS type 1 resolves the FD-OCC in time-domain (e.g. using IFFT/FFT related operations). In such a case, there could be a severe co-channel leakage from a Rel-16 UE when the sign of FD-OCC is toggled as this would break the linearity of the phase induced by not toggling the sign (FD-OCC [+1 -1] can be viewed applying a cyclic phase rotation of ). However, this time-domain approach is much more computational demanding than resolving the FD-OCC in frequency domain and may not be considered for UE implementations. Furthermore, it would not be applicable to DMRS type 2.

A potential drawback with the modification of Rel-15 DMRS sequences as in Figure 1 is the loss of PDSCH IC benefits for a Rel-15 UE when scheduled with CDM group 1 or 2
However, this is a minor issue which is under gNB control since if a Rel-15 and a Rel-16 UE must be scheduled in MU-MIMO and using the same CDM group, then CDM group 0 can be used. 


[image: ]
[bookmark: _Ref525117410]Figure 3. Extended Rel-15 DMRS sequences in Figure 1 viewed as toggling sign of the FD-OCC. 
Low complexity
It is desirable that a specification-based solution to the PAPR issue does not increase the complexity significantly with respect to Rel-15. In the case of introducing CDM group specific DMRS scrambling, the additional complexity comes by generating one (type 1) or two (type 2) additional pseudo-random sequences per OFDM symbol carrying DMRS. This may not be a dramatic increase of the complexity but in comparisons to modifying the Rel-15 DMRS sequence as in Figure 1 the complexity will be higher.
Modifying Rel-15 DMRS sequences as in Figure 1 has low complexity.
Specification impact to TS38.211
In the case of introducing CDM group specific DMRS scrambling, the Rel-15 formula for  would need to account for CDM groups. Given that the Rel-15 DMRS sequence is reused for CDM group 0 and that the basic structure of the  formula is kept then one in principle specification change to the PRBS seed could be (in case the corresponding higher layer parameter is configured)

where  for  and  for , from which we observe that the seed for  is the same as in Rel-15. The sequence dependency to the CDM group index  could be explicitly indicated by  such that the mapping to physical resources in DL would be expressed as
 .				(1)

In the case of extending the Rel-15 DMRS sequences as in Figure 1, the sequence dependency to the CDM group index  can be explicitly embedded into the mapping to physical resources as
.                   (2)
Alternatively, the sequence dependency to the CDM group index  could be explicitly indicated by  as
.                              			  (3)
In addition to changing specification directly related to the DMRS sections, the sequence dependency to the CDM group index  would need to be explicitly indicated also for the PT-RS.
Conclusion
In this contribution, we discussed Rel-16 enhancements to DMRS with respect to
· PAPR and CM as of data
· Backward compatibility
· Low complexity
· Small specification impacts
We observed that the following specification change (indicated in red) to the Rel-15 DMRS sequence mapping

solves the PAPR issue for both DMRS type 1 and 2, and preserves backward compatibility for communications before RRC configuration, and has low complexity and small specification impact.
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