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Introduction
In RAN1#86bis, it was agreed to support DFT-S-OFDM based waveforms in uplink as a complementary to CP-OFDM waveforms in the case of single-layer transmissions. In addition, it was stated that RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms. In RAN1#88, it was also agreed that
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:
· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.
· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM
· Possible frequency domain configurations considering:
· DMRS overhead 
· Channel estimation performance
· Possible time domain configurations assuming the following scenarios 
· Low, Medium, high, & very high mobility
· Carrier frequency
· Latency
In RAN1#88-bis, it was agreed to support ZC-sequence for UL DFT-S-OFDM DMRS.
In this contribution, we study both Cubic Metric aspects of DMRS mapping in frequency in relation to DFT-S-OFDM waveform and MU-MIMO between DFT-S-OFDM and CP-OFDM users. Aspects on common DMRS structure for DL and UL are also addressed as well as if to have the same number configuration(s) in DL and UL for CP-OFDM. Evaluation results for UL DMRS patterns in terms of link level performance are presented in a companion contribution [1] and DL DMRS is studied in [2][3].
Discussion
Cubic Metric considerations of DMRS in DFT-S-OFDM
The DFT-S-OFDM waveform has been introduced to obtain transmissions with low CM and PAPR for enabling higher operation efficiency of power amplifiers and by then achieve better coverage. A prerequisite for fully taking advantage of this waveform is though that the DMRS design will have none or negligible impact on the CM/PAPR. In LTE, the uplink DMRS is time-multiplexed with PUSCH and primarily constructed from extended Zadoff-Chu sequences. 
The time-multiplexing structure is essential as significant degradations in CM/PAPR can be observed with FDM of DMRS and DFT spread data, see e.g.[4], whereas ZC sequences enable DMRS signals with CM/PAPR that are on par or better than DFT-S-OFDM (QPSK). Hence, the introduction of the DFT-S-OFDM waveform in NR would impose similar design constraints as in LTE on the associated UL DMRS.
Proposal 1: NR use a TDM structure between DMRS and associated PUSCH in DFT-S-OFDM
Although DMRS signals based on extended ZC-sequences can provide low CM/PAPR, the CM/PAPR depends on the DMRS resource mapping in the frequency domain. The table in Figure 1 shows the average CM (taken over all possible ZC root indices) for the four RS patterns on the left hand side of this figure, where the values within parenthesis refer to the averaged CM taken over the 30 best ZC root indices. (Localized mapping and CM measured on signal after length 2048-IFFT). 
The average CM of these patterns are here compared to the corresponding average CM of QPSK based DFT-S-OFDM (in bold). It can be observed that only the mapping of the DMRS on all allocated subcarriers within the OFDM symbol (1) and the IFDM based pattern (2) can match the average CM of the DFT-S-OFDM in all the RB allocation sizes. 
It can further be observed that the regular pattern of groups of two adjacent REs (3) has 0.5dB lower average CM than the irregular pattern of groups of two adjacent REs (4) but around 0.8dB worse average CM in comparisons to Pattern 1 and 2. On the other hand, if selecting a subset with the best ZC root indices for each considered RB allocation size the Pattern 3 and 4 could be on par with DFT-S-OFDM, but only in case of larger RB allocations. 
Observation 1: IFDM mapping of Zadoff-Chu based DMRS can provide an average CM that match the DFT-S-OFDM whereas FDM mapping on groups of adjacent REs may significantly degrade the CM
It can also be observed that the number of ZC root indices for a certain RB allocation size is evidently less for the Pattern 2, 3 and 4 than Pattern 1 (because of the reduced sequence lengths), which means that for small allocations such as 3 RBs there will not be enough ZC root indices to support 30 sequences. However, one reason for considering DMRS mapping on a subset of the subcarriers (which is different from LTE) within the resource allocation is to enable MU-MIMO with partially overlapping scheduling bandwidths and/or transmissions originating from different waveforms where ZC based DMRS is used for DFT-S-OFDM and PN-sequence based DMRS for CP-OFDM, see below. The support of 30 (60) sequences per scheduling bandwidth, as for UL DMRS in LTE, may not be needed in NR to randomize inter-cell interference in deployments with possibly a mixture of overlapping ZC and PN sequences.
Observation 2: Mapping of DMRS on a subset of subcarriers allocated for data enables MU-MIMO with DMRS derived from different base sequences (e.g. FDM of different ZC or FDM of ZC and PN)
Proposal 2: NR supports IFDM mapping of Zadoff-Chu based DMRS sequences for the DFT-S-OFDM waveform
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MU-MIMO between CP-OFDM and DFTS-OFDM users
To support spatial multiplexing of different waveforms using orthogonal DMRS ports across transmissions, one may consider either CDM or FDM or TDM for the DMRS ports as illustrated in Figure 2. In the case of CDM (1), the RS of the waveforms must be derived from the same base sequence. If the DMRS associated with the DFT-S-OFDM is based on a ZC sequence with a certain ZC root index and length, then the DMRS for CP-OFDM should evidently be derived from the same ZC. Given that the complementary waveform targets coverage limited scenarios, with typical transmit power and scheduling bandwidth limitations, the prerequisites of requiring same ZC for CP-OFDM UEs without such limitations would impose hard multiplexing constraints leading to large performance losses. It can though be noticed that by considering a resource-specific mapping of ZC-sequence based RS, as discussed in [5][4], these multiplexing constraints can be relaxed but to the cost of somewhat increased CM. It can further be noticed that if the received powers of the waveforms are substantially different then using CDM may not be suitable for separating DMRS ports irrespectively of relaxed multiplexing constraints.
Observation 3: Using CDM for separating DMRS ports in MU-MIMO of CP-OFDM and DFTS-OFDM users could impose too hard multiplexing constraints
In the case of FDM or TDM of DMRS ports, it would not be necessary that CP-OFDM also supports ZC-sequence based DMRS in UL. Instead, the DMRS associated with the different waveforms can be mapped on different Combs (2a) or on different OFDM symbols (2b) as illustrated in Figure 2. The choice(s) of RPF of the Comb could be a tradeoff between available ZC roots, multiplexing capacity, and resource sparseness in the frequency domain. With the TDM approach both the number of available ZC roots and the multiplexing capacity could be higher than with Combs but to the cost of significantly higher DMRS overhead if the whole ODFM symbol is to be reserved for the DMRS associated with a possibly narrowband DFT-S-OFDM transmission. On the other hand, the main motivation for considering MU-MIMO between DFTS-OFDM users with relatively small allocation bandwidths and CP-OFDM users would be when there are several such DFT-S-OFDM users to multiplex simultaneously in frequency. To reduce overhead one may consider FDM of CP-OFDM PUSCH and DFT-S-OFDM DMRS outside the DFT-S-OFDM scheduling bandwidth but that could complicate the signaling of the resource elements carrying the PUSCH.
Proposal 3: NR relies on IFDM in MU-MIMO for separating DMRS ports originating from different waveforms
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[bookmark: _Ref477957294]Figure 2 Orthogonal DMRS ports in MU-MIMO of CP-ODFM and DFTS-OFDM UEs

On common DMRS structures and configurations for DL and UL
It was agreed for at least CP-OFDM that NR should support a common DMRS structure for DL and UL that could e.g. enable configurations of orthogonal DMRS ports for same links or across different links. With common DMRS structure one may then refer to the following properties of the DMRS:
· Orthogonal DMRS ports are constructed such that orthogonality can be preserved even when links are configured with different DMRS densities,
· The sequence design enables common base sequences when orthogonality is obtained via CDM
· The FDM mapping of DMRS enables orthogonality with different densities in frequency
· The DMRS positions within slots of same or different links can be coordinated
Whether one could state that DFT-S-OFDM has a common DMRS structure for DL and UL, in the above context, depends on how the orthogonality of the DMRS ports are constructed. If the orthogonality is achieved via CDM then there is evidently not a common DMRS structure unless DL DMRS also supports ZC-sequences. On the other hand, if the orthogonality can be obtained via IFDM as proposed above, then one could claim that DFT-S-OFDM has a common DMRS structure in DL and UL with respect to preserving orthogonality across links. With the possibility of obtaining orthogonality via IFDM it will not be necessary for CP-OFDM to also support DMRS derived from ZC-sequences.
Observation 4: In case DMRS ports are constructed via CDM, DFT-S-OFDM cannot have a common DMRS structure in DL and UL unless DL DMRS also supports ZC-sequences  
Proposal 4: Support only PN-sequences for CP-OFDM in both DL and UL DMRS
Note that the working assumption that was agreed at RAN1#89 supports a common DMRS structure for UL and DL.An open question is whether to have the same number configuration(s) in DL and UL for CP-OFDM. This question relates to the degree of MU-MIMO operations in UL such that in excessive UL MU-MIMO scenarios one could benefit of having more orthogonal ports in UL than in DL. Note that MU-MIMO is in some sense easier to achieve in uplink where a single receiver is used to separate the users, compared to the downlink where receivers are distributed.  Hence, we believe that uplink MU-MIMO is likely to be used more extensively than downlink MU-MIMO. 
Proposal 5: Confirm at least the part of the working assumption that use a common DMRS structure for both UL and DL and supports 12 orthogonal DMRS ports for both UL and DL.  
Conclusion
In this contribution, we studied both Cubic Metric aspects of DMRS mapping in frequency in relation to DFT-S-OFDM waveform and MU-MIMO between DFT-S-OFDM and CP-OFDM users. Aspects on common DMRS structure for DL and UL were also addressed as well as if to have the same number configuration(s) in DL and UL for CP-OFDM. The proposals were made
Proposal 1: NR use a TDM structure between DMRS and associated PUSCH in DFT-S-OFDM
Proposal 2: NR supports IFDM mapping of Zadoff-Chu based DMRS for the DFT-S-OFDM waveform
Proposal 3: NR relies on IFDM in MU-MIMO for separating DMRS ports originating from different waveforms
Proposal 4: Support only PN-sequences for CP-OFDM in both DL and UL
Proposal 5: Confirm at least the part of the working assumption that use a common DMRS structure for both UL and DL and supports 12 orthogonal DMRS ports for both UL and DL
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