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In RAN1#86bis, the following agreement was made regarding DMRS:
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1 Introduction

One of the main targets NR is to give better support for larger antenna arrays and higher order MU-MIMO, e.g. one target is to support up to 256 TX-chains on the BS. When dimensioning the DMRS there is a trade-off between overhead and the channel estimation quality. For the DMRS there are is also a choice between using frequency domain multiplexing e.g. using Combs, there is choice of using code orthogonality e.g. OCC or cyclic shifts of a common base-sequence such as a Zadoff-Chu. In this paper we will discuss the additional option, that is, to rely on good cross correlation properties between sequences e.g. using different scrambling codes such as Gold-sequences or different base-sequences in the case of Zadoff-Chu. In LTE this has been primary used to decorrelate interference between adjacent cells which was a good option when using CRS for demodulation, but in NR two different beam from the same node have similarly good isolation.
In the discussions about scrambling codes a common understanding is that for a given scrambling code, the scrambling is resource specific. Hence any two users with the same scrambling code will for the same time/frequency resources use the same scrambling. For a LTE cell-like scenario you can typically live with only 2 configured scrambling codes, we will discuss why this is not always the case in NR.
2 Discussion

In the proposal for the number of orthogonal DMRS there is an ongoing discussion about 8 or 16 orthogonal DMRS in DL. For dynamic beam-forming we have a fast changing interference scenario were depending on the scheduling decision the number of TX-layers can be in the “same” beam i.e. SU-MIMO, in adjacent beams or in isolated beams for the MU-MIMO case, as depicted in Figure 1.
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Figure 1: DL beam relations and SU-MIMO vs MU-MIMO

Considering these type of beam-relations explains why we can need more orthogonal DMRS with more receiver chains as more receiver chains gives potential for higher order MIMO per user and also better interference suppression i.e. we can schedule more overlapping beams. This implies that even in case of strong interference, in order to supress the interference a good channel estimate is necessary hence the need for orthogonal DMRS. 

In the case of more isolation between a pair of users, orthogonality is not necessary. Hence this implies that you would need to configure UEs at least pairwise with both matching and different scrambling codes to enable both orthogonal DMRS and low correlation DMRS. If we further, consider system/broadcast type transmissions we need at least 3 scrambling codes and if we also add multipoint transmissions we realize that 4 is probably needed.

Observe further that the example in Figure 1 also explains why we need fewer DMRS when we scale the number of transmit chains as this result in more and more narrow transmit beams and hence more isolated beams for a fixed number of scheduled users. 
Observation 1 The needed number of orthogonal DMRS is driven by the number of receiver chains.
These observations further imply that due to a significantly larger number of BS antennas than UE antennas we typically need a significantly larger number of orthogonal DMRS in UL than in DL. But as already observed this implies as a consequence that we need a larger number of scrambling codes in the DL than in the UL.
Observation 2 The needed number of orthogonal DMRS is larger in UL than in DL.
Observation 3 The needed number of dynamically assignable scrambling codes is larger in DL than in UL.

The reasons to support more scrambling codes in DL is hence both to enable higher order MU-MIMO and to make inter node coordination simpler, e.g. in Comp and dual connectivity scenarios.
Proposal 1
Limit the number of orthogonal DL-DMRS to 8.
Proposal 2
Investigate supporting 16 orthogonal DMRS in UL.
Proposal 3
Support at least 4 different scrambling codes / base-sequences in DL, assignable in the DCI, at least some of which are UE configured.


3 Conclusion

In this paper it is observed that the asymmetry between DL and UL leads to the following observations: 
Observation 4 The needed number of orthogonal DMRS is driven by the number of RX chains.
Observation 5 The needed number of orthogonal DMRS is larger in UL than in DL.
Observation 6 The needed number of dynamically assignable scrambling codes is larger in DL than in UL.

From the discussion we propose the following:

Proposal 1
Limit the number of orthogonal DL-DMRS to 8.
Proposal 2
Investigate supporting 16 orthogonal DMRS in UL.
Proposal 3
Support at least 4 different scrambling codes / base-sequences in DL, assignable in the DCI, at least some of which are UE configured.


4 Appendix

Agreements:


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


Study multi-set DL/UL RS for control and/or data demodulation 


The first set is front-loaded (i.e. loaded in the front of RB) 


Other set(s) can be configured for different purposes


Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)





Agreements:


Study design of demodulation RS for broadcast channel, control channel and data channel


Separate vs. joint design


Study on design of demodulation RS for data channel 


Whether or not the same principle for UL and DL RS pattern design 


How to map DM RS in symbols of a slot


Max # of orthogonal DL DMRS ports for SU/MU-MIMO scheduling
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