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Introduction
In RAN1#86bis, the following was agreed with respect to configurable DM-RS patterns:
· Study variable/configurable DL/UL RS pattern for demodulation 
· For data channel and control channel
· At least density can be configurable
· FFS: other configurability
· The applicable scenarios need to be studied
In this contribution, we consider variable/configurable DL/UL RS pattern for demodulation and provide examples on densification of DM-RS as well as on how orthogonal DM-RS with different densities can simultaneously be used in MIMO. Configurable DM-RS densities and placements are also studied in the companion contributions [1]-[4].
Discussion
The physical layer of NR is expected to handle a vast number of different transmission scenarios that follow by supporting multiple transmission numerologies, variable data transmission time intervals and early decoding for latency critical applications. 
These new scenarios impose a need for the physical layer to be even more flexible than was the case when LTE was first designed. Hence, DM-RS patterns within a transmission interval may depend on the use cases [5] and the number of DM-RS patterns to be supported could be significantly larger than in LTE. However, it is in general desirable to keep number of configuration options relatively low to avoid implementation complexity and demanding inter-operability testing. 
In addition to these new transmission scenarios the physical layer should as in LTE handle different transmission characteristics in terms of large variations in SINR, Doppler, delay spreads and channel richness.
The mapping of DM-RS on resource elements can be viewed as being two-folded:
1. Mapping within the transmission interval
2. Mapping on resource elements within OFDM symbols
[bookmark: _GoBack]Early decoding and low Doppler imposes concentration of the DM-RS to the beginning of a transmission whereas in scenarios with relaxed latency requirements the DM-RS could be distributed over the transmission interval for handling Doppler and enabling channel interpolation in time. It can be noticed however that early decoding precludes channel interpolation in time but not transmission of DM-RS later within the transmission interval. Hence, early decoding may not only be considered in low Doppler cases.
Examples of mapping within the transmission interval are depicted in Figure 1 and Figure 2. Figure 1 shows some examples of DM-RS slot configurations to be considered in the following scenarios: 1) Early decoding and low Doppler. 2) High Doppler. 3) High density for enabling either high processing gains or large number of orthogonal DM-RS for MIMO capacity. These slot configurations of DM-RS can be used as building entities in aggregation of multiple slots as illustrated in Figure 2, in which DM-RS may only occur in the first of two slots in case of low Doppler to reduce overhead. 
Examples of mapping of antenna ports to resource elements with variable density within OFDM symbols are depicted in Figure 3. In these examples, Combs are used together with length-2 OCC for providing orthogonal DM-RS with different densities. The Comb structure in this figure enables simultaneous transmissions of multiple layers (to different or same UE) using orthogonal DM-RS with different densities. As an example 4 layers with sparse density are transmitted on port 0,2,4,6 and 2 layers with higher density are transmitted on port 10 and 11.
Proposal: NR should support orthogonal DM-RS of different densities to be used in multi-layer transmissions
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[bookmark: _Ref466039254][bookmark: _Ref466039250]Figure 1 Examples of DM-RS slot patterns
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[bookmark: _Ref466045306]Figure 2 Examples of DM-RS subframe patterns constructed from DM-RS slot patterns
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[bookmark: _Ref466045487]Figure 3 Examples of DM-RS densification within the OFDM symbol

Whether there are benefits and use cases for different DM-RS density of layers to the same UE or whether this property is only used to different UEs in MU-MIMO needs further consideration. 
Conclusion
In this contribution, we considered variable/configurable DL/UL RS pattern for demodulation and provided examples on densification of DM-RS as well as on how orthogonal DM-RS of different densities can simultaneously be used in MIMO operations. The following was proposed:
Proposal: NR should support orthogonal DM-RS of different densities to be used in multi-layer transmissions
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