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Introduction
At the last meeting, there were intensive discussions on CSI-RS design for NR downlink CSI acquisition. Several agreements were reached as follows [1].
	Working assumption:
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· E.g., 
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
Agreements:
· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1
· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2
· FFS: RE patterns for beam management
· FFS: the RE pattern for an X-port CSI-RS resource when X>=8
· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources
· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead
Agreements:
· Support at least CDM-2, CDM-4 and CDM-8
· FFS: Support of no CDM
· FFS: Time-domain and/or frequency-domain CDM can be configured on or off
· Consider CDM pattern design with at least the following aspects
· Measurement target, e.g. CSI acquisition, beam management, fine time/frequency tracking
· A CDM pattern cannot span over more than U OFDM symbols and V subcarriers, FFS the values of U and V
· Full power utilization
Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS
· Value(s) of d are at least d=1,1/2.
· For d<1, PRB-level comb-type transmission is supported.
· FFS whether offset value(s) can be the same or different across antenna ports
· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.
· FFS on the supported combinations of value(s) of x and d. 


In this contribution, we present our views on CSI-RS design for downlink beam management.
Discussion
At the last meeting, there were discussions on design to achieve CSI-RS within sub-time unit (short CSI-RS). Fig. 1 shows two major options to achieve short CSI-RS. The first one is IFDMA-based scheme, in which CSI-RS resources are mapped for each K subcarriers. For this scheme, shortened CSI-RS is repeated K times with the length of each short CSI-RS of PIFFT/K, where PIFFT represents number of IFFT points at gNB transmitter. On the other hand, for the larger subcarrier spacing (LSCS), subcarrier width is set to K-times wider and short CSI-RS with the length of PIFFT/K is generated after IFFT. With this scheme, we can perform sub-time unit digital beam sweeping by applying different beamformer for each sub-time unit. Table I summarizes comparison between IFDMA and LSCS. Here, these technologies are different implementations of short CSI-RS and may not directly have specification impact.
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                             (a) IFDMA                            (b) Larger subcarrier spacing (LSCS)
Figure 1: Options for short CSI-RS
Table I: Pros and cons for IFDMA and LSCS
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· IFDMA
As described above, IFDMA generates multiple K beams with same digital beamformer. It means that sub-time unit digital beam sweeping, like Fig 2(a), can’t be achieved. On the other hand, Rx beam sweeping with the multi-shot short CSI-RS is achieved as in Fig. 2(b), e.g., by setting K=2. However this means that the value of K (efficiency of beam sweeping) is restricted by UE Rx beams. On the other hand, the number of digital beams per sub-time unit can increase up to K by applying subcarrier-level FDM (comb). This can increase capacity of digital beam sweeping by IFDMA. Another benefit of IFDMA-based scheme is simplicity of TRP transmitter. It can reuse original IFFT transmitter circuit just by changing IFFT input signals.
· LSCS
Unlike IFDMA, LSCS can achieve sub-time unit digital beam sweeping by applying different beamformer for each sub-time unit. In this sense, both of the Figs 2(a) and 2(b) can be achieved by LSCS. This makes the beam sweeping design more flexible for different number of TRP and UE beams for different scenarios. However, if we apply sub-time unit beam sweeping, we need to address on shortened cyclic prefix length that causes performance degradation for the propagation channels with larger delay spread. 
Finally, the discussion above is focusing on comparison of IFDMA and LSCS, since DFT-based schemes require higher complexity on transmitter circuit and not preferable, if it doesn’t achieve additional benefit. In addition, these schemes have different capability on digital beam sweeping but analog beam sweeping might be more important considering typical use cases and implementations for mmWave system. Based on the different implementations for sub-time unit CSI-RS, we have following observations and proposals.
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(a) TRP sweeping first                                                (b) UE sweeping first
Figure 2: Beam sweeping options
Observation 1: IFDMA and LSCS are different implementations of short CSI-RS and may not directly have specification impact.
Observation 2: IFDMA and LSCS have different pros/cons as captured in Table I.
Proposal 1: Full-length CP should be considered, even if sub-time unit beam sweeping is applied.
Proposal 2: Sub-time unit beam sweeping should be at least supported for analog beamforming (FFS: detailed specification impact).
Summary
In this contribution, we presented general views on CSI-RS design for NR downlink beam management. Based on the discussion, we made the following observations and proposals.
Observation 1: IFDMA and LSCS are different implementations of short CSI-RS and may not directly have specification impact.
Observation 2: IFDMA and LSCS have different pros/cons as captured in Table I.
Proposal 1: Full-length CP should be considered, even if sub-time unit beam sweeping is applied.
[bookmark: _GoBack]Proposal 2: Sub-time unit beam sweeping should be at least supported for analog beamforming (FFS: detailed specification impact).
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Pros

•

Limited impact on Tx-circuit design

•

FDM can be achieved  for digital beamforming

(Multiple beams can be multiplexed using 

comb).

•

All of P1, P2 and P3 are achieved (sub-time 

unit digital beam sweeping is achieved).

Cons

•

P2 (and P1) is not achieved (sub-time unit 

digital beam sweeping is not achieved).

•

Larger impact on Tx-circuit design
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