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1. Introduction

In RAN1#85 and RAN1#86, it was agreed that the reciprocity-based CSI acquisition could be supported for NR MIMO:
· A simplified CSI acquisition framework should be studied in NR, which could support

· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback

· CSI acquisition based on different degree of reciprocity
· Other features to be supported

· ……
In RAN1#86bis meeting, it was agreed that the aperiodic SRS transmission is supported for NR probably in a multi-shot manner [4]:
· NR supports configurable SRS bandwidth

· Partial-band size can be configured

· Partial-band is smaller than the largest transmission bandwidth supported by the UE

· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain
· FFS: Size of partial band

· FFS: Non-consecutive within partial band

· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms

· FFS: Simultaneous transmission can be from multiple panels.

· FFS: Frequency hopping of partial bands 

· Full band size can be configured

· Equal to the largest transmission bandwidth supported by the UE 

· NR supports aperiodic SRS transmission triggered by the network

· FFS on other trigger mechanism, e.g. event triggered

· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  

· FFS: NR supports at least one of followings 

· Periodic SRS transmission

· Semi-persistent SRS transmission

· FFS: NR supports multiple numerologies for SRS transmission from one UE

The practicability of channel reciprocity highly depends on the time between a SRS symbol and the corresponding data transmission which should be allocated/indicated based on a proper time-domain sturcture. In this contribution, we discuss the effects of channel reciprocity-based CSI acquisition for MIMO transmission.
2. Fast channel-aging problem in reciprocity-based CSI acquisition and its effect on time-domain SRS structure
As mentioned in [1][2], the assumption of reciprocity-based CSI acquisition for NR MIMO is that the time between the measurement and the uplink transmission is shorter than the channel coherence time of a UE. And in [2], it was also observed that the “channel aging” could be much faster in NR system compared to that in LTE system due to higher carrier frequency and narrower transmission beams. In [3], a frame structure design was proposed to cope with the fast channel-aging problem accordingly.
The uniformly-distributed SRS design in legacy LTE frame struture may not be able to effectively support the reciprocity-based CSI acquisition for fast channel-aging UEs. In the example shown in Fig.1, only one symbol per UL subframe can be used for SRS transmission. In case the channel coherence time is on the level of a couple of subframe durations, only the SRS symbol in the last UL subframe before UL-to-DL switching point can be used for reciprocity-based CSI acquisition, whereas the SRS symbols in other subframes may not be useful for acquiring the reciprocity-based CSI. Considering a much larger number of SRSs may be required in NR system to support Massive MIMO, one symbol in the last UL subframe is not sufficient to accommodate the reciprocity-based SRSs for all UEs.
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Fig.1: SRS structure analogous to LTE cannot support effective reciprocity-based CSI acquisition for NR
Observation: Uniformly-distributed SRS structure analogous to LTE may not able to support effective reciprocity-based CSI acquisition for NR due to lack of density of SRS symbols in the UL subframes close to UL-to-DL switching point.
3. Time-domain SRS structure supporting fast reciprocity-based CSI acquisition
To support fast reciprocity-based CSI acquisition (RBCA), denser RBCA-SRS symbols are required in the time region close to a UL-to-DL switching point. An example is shown in Fig.2. Multiple symbols in the last UL subframe can be allocated to RBCA-SRS transmission, while low-density SRS symbols are remained for long-term CSI acquisition. To support the multiple RBCA-SRS symbols in one UL subframe, different from the semi-static signalling the subframe-level SRS pattern (as in LTE), a dynamic symbol-level allocation scheme may be needed to indicate which RBCA-SRS symbol is used for a specific UE. 
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Fig.2: An example of multiple SRS symbols in the last UL subframe to support fast reciprocity-based CSI acquisition
Furthermore, to support an effective dynamic symbol-level SRS allocation for multiple UEs, some information about how fast a UE’s channel ages could be reported to gNB. With the “channel-aging indicator”, a gNB can configure the SRS symbols closer to UL-to-DL switching point to the UEs with faster channel-aging, while allocate the “farther” SRS symbols to the UEs with slower channel-aging. 
Proposal 1: In the SRS time-domain structure design, strive to minimize the time between a SRS symbol and the corresponding data transmission for fast reciprocity-based CSI acquisition. 
Proposal 2: Study feasibility of multiple SRS symbols per UL subframe and dynamic symbol-level allocation/indication schemes for SRS.

4. Conclusions
Observation: Uniformly-distributed SRS structure analogous to LTE may not able to support effective reciprocity-based CSI acquisition for NR due to lack of density of SRS symbols in the UL subframes close to UL-to-DL switching point.
Proposal 1: In the SRS time-domain structure design, strive to minimize the time between a SRS symbol and the corresponding data transmission for fast reciprocity-based CSI acquisition. 
Proposal 2: Study feasibility of multiple SRS symbols per UL subframe and dynamic symbol-level allocation/indication schemes for SRS.
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