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Introduction
At the last meeting, there were intensive discussions on CSI-RS design for NR downlink beam management and CSI acquisition. Several agreements were reached as in the draft summary [1]. In this contribution, we present our views on remaining details on CSI-RS design.
Discussion
Partial-band CSI-RS 
Followings are the agreements on partial-band (PB) CSI-RS at the RAN1-NR #2 meeting.
	Agreements:
· For partial-band CSI-RS, partial-band can be the same as bandwidth part
· FFS whether or not to have small values than the bandwidth of bandwidth part


There is a FFS point to determine whether to have smaller values than the BWP. From our perspective, it is beneficial to have narrower bandwidth for PB CSI-RS. Figure 1 shows potential use cases for partial-band CSI-RS. In this example, we rely on prior information on PB selection based using 1st step CSI acquisition (or even beam management if PB reporting is supported). 1st PDCCH can trigger PB CSI-RS transmission and corresponding CSI reporting. Then, based on the CSI feedback, 2nd PDCCH is transmitted to trigger PDSCH. Here, for efficient downlink bandwidth allocation, it is beneficial that PB CSI-RS and PDSCH can share the same bandwidth. This scheme is beneficial especially on MU-MIMO transmission, of PB CSI-RS is transmitted to measure MU-CSI. In this case, transmission bandwidth for PB CSI-RS can be same as subband CSI feedback. In addition, it is beneficial that transmission bandwidth is aligned between CSI-RS, CSI reporting and PDSCH, e.g., partial-band CSI-RS with the granularity of PDSCH resource allocation and PDSCH transmission with the granularity of subband for CSI feedback.
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Figure 1: Potential use case for partial band CSI-RS
Proposal 1: For CSI-RS, support partial-band transmission that is same as the subband for CSI feedback. 
· FFS: Support the same bandwidth granularity between partial-band CSI-RS, CSI reporting and PDSCH transmission.

Non-adjacent components
Followings are the agreements on CSI-RS RE patterns for CSI acquisition at the RAN1 #NR2 and #90 meeting.
	Agreements: (Note: at #NR2 meeting)
· At least for CSI acquisition, for N=4 OFDM symbols, 
· Support two pairs of adjacent OFDM symbols for one CSI-RS resource where the two pairs can be adjacent or non-adjacent
· For each pair, support a uniform RE mapping pattern in the time domain wherein the same sub-carriers are occupied in the two adjacent OFDM symbols
· Note: CDM pattern will be discussed separately

Agreements: (Note: at #90 meeting)
· Support following CSI-RS RE patterns for CSI acquisition.
	X
	Density [RE/RB/port]
	N
	(Y, Z)
	CDM

	1
	>1, 1, 1/2
	1
	N.A.
	No CDM

	2
	1, 1/2
	1
	(2,1)
	FD-CDM2

	4
	1
	1
	(4,1)
	FD-CDM2

	8
	1
	1
	(2,1)
	FD-CDM2

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	12
	1
	1
	(2,1)
	FD-CDM2

	12
	1
	2
	(2,2)
	CDM4 (FD2,TD2)

	16
	1, 1/2
	2
	(2,2)
	FD-CDM2, CDM4 (FD2,TD2)

	24
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 


· TD4 in CDM8 in the above table always spans 4 adjacent symbols
· FFS until next meeting whether or not components are allowed to be non-adjacent in frequency


Considering existing agreements, it is possible and quite natural to design REs within CDM resource as adjacent in time and frequency domains. One remaining issue is whether we allow non-adjacent RE mapping among CSI-RS components across CDM resource in frequency domain. The bottleneck seems to be the case for X=16 and 32. For these cases, we have to find RE chunks with 8 adjacent subcarriers and 2 adjacent OFDM symbols, if non-adjacent mapping is not allowed. It is generally possible to allocate the RE chunks at least when the number of CSI-RS resource is limited. However it seems beneficial to support flexibility on CSI-RS resource mapping, since RE mapping across CDM resources doesn’t affect channel estimation accuracy.
Proposal 2: Components for CSI-RS resource are allowed to be non-adjacent in frequency.
Multiplexing with other SSs/RSs 
Figure 2 shows RE mapping example for front-loaded DM-RS with one OFDM symbol, in which different color indicates different DM-RS antenna ports. 
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                             (a) Configuration type 1                        (b) Configuration type 2
Figure 2: RE mapping for front-loaded DM-RS
FDM between DM-RS and CSI-RS can occur when the number of antenna ports for DM-RS (or realistically the number of maximum ranks for rank adaptation) is small. For the configuration type 1, there is space of 1 (adjacent) subcarrier that can potentially accommodate 1-port CSI-RS, if we assume rank adaptation up to 2 layers and FD-CDM is applied for 2-port DM-RS.  On the other hand, for the configuration type 2, two or four adjacent subcarriers can be available for some condition. Considering the potential use cases, we slightly prefer to allow FDM between DM-RS and CSI-RS that is also allowed for LTE-A used for sub-6 GHz.
Due to wideband property of analog beamforming, there is limited opportunity to transmit SS and CSI-RS for beam sweeping. If we allow sharing the same OFDM symbol for SS and CSI-RS, it is beneficial in terms of downlink resource accuracy. In this context, we propose to support FDM between CSI-RS and SS.
Proposal 3: FDM between CSI-RS and DM-RS should be allowed.
Proposal 4: FDM between CSI-RS and SS should be allowed.
Summary
In this contribution, we presented general views on CSI-RS design for CSI acquisition. Based on the discussion, we made the following observations and proposals.
Proposal 1: For CSI-RS, support partial-band transmission that is same as the subband for CSI feedback. 
· FFS: Support the same bandwidth granularity between partial-band CSI-RS, CSI reporting and PDSCH transmission.
Proposal 2: Components for CSI-RS resource are allowed to be non-adjacent in frequency.
Proposal 3: FDM between CSI-RS and DM-RS should be allowed.
Proposal 4: FDM between CSI-RS and SS should be allowed.
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