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Introduction
The frame structure and numerology for NR must consider many aspects in order to meet expected use cases and their corresponding requirements. Enabling different technologies for the intended wide frequency range discussed for NR is important, and should be supported in an efficient way. As was proposed by a number of companies in RAN1 #85 [1-3] SRS defined, reciprocity based MU-MIMO operation [4] is an important enabler for improved spectral efficiency. UL RS defined reciprocity based MU-MIMO is suitable for frequencies below 6 GHz, where the UE can be assumed to have passive omni-directional antenna coverage. From RAN1 #86bis [5] summarizes concerns regarding frames from various companies. Document [6] is a WF from RAN1 #87 that discusses the position of the UL control channel. The WF basically lists a number of additional benefits associated with enabling an UL control channel in the beginning of the slot.
In this paper we highlight aspects that should be taken into account in the frame structure discussions, in order enable SRS defined reciprocity based MU-MIMO in an efficient manner. UL and DL is assumed to contain user data, reference signaling, channel reporting, etc. Such details has been left out from this contribution as the relative placement of the SRS and its associated transmissions is the main concern.
Discussion
To enable UL control channel in the beginning of a slot is the most straightforward solution. This is also compatible with the concept of self-contained slot structures (where the transmission in slot ‘n’ is not reliant on the transmission in slot ‘n-1’).
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Figure 1 – SRS transmitted in the beginning of a slot
Proposal 1: An UL control channel containing SRS can be located in the beginning of a slot or mini-slot.
For a slot structure where UL data is transmitted at the start of the slot, an UL control channel carrying SRS can be transmitted within that UL data portion. Some delay between the transmission of the SRS and the DL section may be needed as the DL precoding needs to be derived prior to the DL transmission. Therefore we propose that an UL control channel containing SRS can be allocated earlier than the start of DL data at a time offset relative to the start of the data. (Figure 2).
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Figure 2 – SRS located before UL transmission to allow for gNB delay in determining DL precoding
Proposal 2: An UL control channel containing SRS can be contained within an UL section of the slot prior to the DL data in a slot and at a known time offset from the DL data.
It has been proposed to initiate a slot with a DL section followed by an UL section. This mode of operation is feasible for continuous massive MIMO transmissions, but is less suitable for sporadic / self-contained transmissions. For massive MIMO, it is important that the SRS associated with the DL payload is within the coherence time (Figure 3). For continuous massive MIMO transmissions the SRS can therefore also be located in the prior slot.
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[bookmark: _Ref470508742]Figure 3 – SRS transmitted within the coherence time for continuous MIMO transmissions
Proposal 3: For continuous MIMO transmissions, an UL control channel containing SRS associated with a DL payload can be located in the prior slot.
For transmissions dominated by DL data or sporadic / self-contained transmissions there is also an option to add mini-slots for the purpose of SRS transmissions (Figure 4). In this case, the mini-slot locations are defined by the coherence time. 
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[bookmark: _Ref470508918]Figure 4 – Usage of mini-slots for SRS transmissions
Proposal 4: A mini-slot can be used as UL control channel containing SRS transmissions. 
Conclusion 

For efficient massive MIMO operation, the DL massive MIMO transmission needs to be completed within the coherence time. UL SRS transmissions mark the start of the coherence time. Hence in order to enable massive MIMO operation, the following proposals are made: 
Proposal 1: An UL control channel containing SRS can be located in the beginning of a slot or mini-slot.
Proposal 2: An UL control channel containing SRS can be contained within an UL section of the slot prior to the DL data in a slot and at a known time offset from the DL data.

Proposal 3: For continuous MIMO transmissions, an UL control channel containing SRS associated with a DL payload can be located in the prior slot.
Proposal 4: A mini-slot can be used as UL control channel containing SRS transmissions. 
With this set of proposals, we do not intend to preclude any alternative slot / frame structures, but just highlight what is needed for UL RS defined reciprocity based MU-MIMO.
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