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Introduction
One of the important and fundamental aim of NR is to design a lean, forward compatible system with self-contained transmissions. To fulfil this, reference signals should, as a design principle, have a specified and limited usage for a particular purpose (see also [2]). Strictly following this design principle and always using separate DMRS for each self-contained transmission can lead to higher overhead compared to LTE where reference signals are reused for multiple purposes. Therefore NR should in some cases exploit relations between transmissions by allowing reuse of signals when the drawback in terms of loss of flexibility is small. This paper addresses the relation between control and data transmissions and the reuse of DMRS between control and data.
In certain scenarios, the pre-coder used for the control channel transmission is not the same as the pre-coder used for the corresponding data transmission. One such scenario may be architectures with a limited number of concurrent beams (i.e. analog beamforming). Users receiving an uplink grant may be scheduled on the control channel but not on the data channel, hence a wide beam, covering many users may be used for control channel while a narrower is used for the UE data transmissions. Differences in beamforming weights between data and control may also be motivated, e.g., when the transmission rank differs between data and control. One might also foresee cases where a control channel occupies different frequency resources than the data channel it schedules; this may be due to different bandwidth requirements or due to search-space configuration restrictions. 
The aspects described above makes shared DMRS between data channel and control channel challenging. Hence we propose that separate DMRS for self-contained NR PDCCH is the baseline design for NR. This does not preclude introduction of certain quasi-colocation properties between data and control or even shared DMRS in some cases.
A special case is MU-MIMO with a large number of antennas and digital beam-forming. This scenario is sometimes referred to as Massive MIMO. The requirements this scenario introduces and the implications will be discussed further in the next sections. In NR there are other target scenarios that also would benefit from shared DMRS, such as extreme low latency scenarios, but these are not discussed in this paper.

[bookmark: _Ref178064866]Scheduling information and DMRS for MU-MIMO
An observation from LTE with a limited number of antennas is that quite good performance is achieved in many scenarios even if restricting the number of DL users. In some scenarios this is not true, for example, from a VOIP capacity perspective. In the case of a large number of antennas, as targeted by NR, this is not true due to the logarithmic property of the Shannon Capacity, that is, you always want to schedule many users using spatially multiplexing. This put demands on the control channel capacity. If spatial multiplexing is used, having a larger number of co-scheduled users puts demands on properties of the DMRS both on data and control. Spatially multiplexing a large number of users while avoiding pilot contamination in the UE RX antenna combining puts demands on the correlation properties of the DMRS. Designing such a self-contained PDCCH for NR with sufficient DMRS will in scenarios with a limited number of antennas create unnecessary overhead, as we don’t need to exploit spatial multiplexing for additional control channel capacity. Hence to achieve the wanted DMRS for the control channel in case of many antennas can, for example, either be solved by dynamically adapting the NR PDCCH or reusing DMRS from the data channel. 
We can note some properties of the control channel relevant for the requirements we put on the DMRS design:
· For low latency operation the scheduling information and data transmission should be separated as little as possible in time.
· If the scheduling grant is lost the data transmission is lost.
· The MU-MIMO radio channel capacity does not depend of the type of transmitted data.
· For scheduled HARQ-ACK feedback [1], a scheduling DL grant is associated with scheduling UL grant.
· The error requirements for control data is typically much stricter than that of data transmissions supporting HARQ retransmissions.
· The control data should support blind detection. 
Since, obviously, the control and data message has the same desired receiver, the above leads to the following observations: 

[bookmark: _Toc454781522]With minimal separation of data and control the same demodulation reference signals can be used for the decoding of both data and control.
[bookmark: _Toc454781523]If the control channel and data channel are transmitted over the same radio channel, and from the same antenna ports, this simplifies channel estimation. Further this makes an error on the control data correlated with an error on the data transmission, which is beneficial from a performance point of view. 
[bookmark: _Toc454781524]Optimal beamforming for control respective data are equal with good CSI and fixed rank.
No additional complexity is needed in the blind detection in the UE as long as you have the same format restrictions on the control data as on NR PDCCH and pre-assign DMRS.
Therefore, we propose to, optionally to dedicated DMRS, for NR PDCCH:
[bookmark: _Toc454781527]Design to enable reuse of a subset of the DMRS for DL data for the DL scheduling grant.
[bookmark: _Toc454781528]Investigate the option to allow UL and DL scheduling grants to be within the same self-contained transmission to increase DMRS reuse further. 
The difference in error requirements for control can be handled in a similar way as the channel coding for LTE PDCCH for the case of CRS based data transmissions but using pre-coded DMRS instead. For example, a DL dual layer data transmission define an effective channel of rank 2 using 2 pre-coded DMRS, hence using Alamouti SFBC coding for the control message in a similar way as for the case with 2 CRS in LTE would allow differentiation in error requirements. 
Therefore, we also propose for shared DMRS: 
[bookmark: _Toc454781529]Introduce similar transmission format mapping as for PDCCH in LTE but using pre-coded DMRS from the data channel. Hence enabling diversity encoding of control data using shared DMRS with data demodulation. 
Conclusion
In NR there is a good opportunity to save overhead in some scenarios on DMRS by reusing the DMRS for control messages and data in a similar way as for CRS in LTE but instead using pre-coded DMRS. There is therefore a need to define two options for DMRS for control data:
· Baseline: Dedicated DMRS for NR PDCCH.
· Extension: Shared DMRS for control and data transmissions.
Reusing DMRS when they are available for the data transmission will result in overhead reductions compared to always using separate DMRS. Further the dedicated DMRS for NR PDCCH does not need to be over designed to support MU-MIMO on NR PDCCH. Hence important to enable an efficient baseline control channel using dedicated DMRS and enabling an efficient extension using shared DMRS, possibly in a future release.
The mapping of DMRS can be controlled by considering the reuse of DMRS as an UE specific search space extension for the PDCCH that can thus be network controlled and enabled. Hence only supported by the NR networks where and when needed.

In section 2 we made the following observations:

1. With minimal separation of data and control the same demodulation reference signals can be used for the decoding of both data and control.
If the control channel and data channel are transmitted over the same radio channel, and from the same antenna ports, this simplifies channel estimation. Further this makes an error on the control data correlated with an error on the data transmission, which is beneficial from a performance point of view. 
Optimal beamforming for control respective data are equal with good CSI and fixed rank.
No additional complexity is needed in the blind detection in the UE as long as you have the same format restrictions on the control data as on NR PDCCH and pre-assign DMRS.

Based on the discussion in section 2 we propose to investigate the following:

Proposal 1	Design to enable reuse of a subset set of the DMRS for DL data for the DL scheduling grant.
Proposal 2	Investigate the option to allow UL and DL scheduling grants to be within the same self-contained transmission to increase DMRS reuse further.
Proposal 3	For shared DMRS introduce similar transmission format mapping as for PDCCH in LTE but using pre-coded DMRS from the data channel. Hence enabling diversity encoding of control data and using shared DMRS also used for data demodulation.
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