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Introduction
At the RAN1 #86 meeting, there were intensive discussions on CSI-RS design for NR with respect to CSI-RS configurations, number of antenna ports, etc. Several agreements were reached as follows [1].
	Agreements:
· At least one of following RS configurations for CSI measurement are supported in NR
· Aperiodic RS
· Semi-persistent RS
· Periodic RS
· Study RS pattern for CSI measurement in NR both for DL and UL
· Study the density of RS
· Study the position of RS in the [subframe]
· Study the mapping of RS in one or several symbols
Agreements:
· Study flexible timings of RS indication/transmission for CSI measurement, CSI feedback triggering/reporting. Following aspects should be considered at least for periodic CSI (where appropriate)/aperiodic/semi-persistent CSI reporting
· Linkage between each timing
· Details FFS. Some non-exhaustive exemplary timing relationships include:
· Ex1) RS indication and CSI feedback triggering 
· Ex2) RS indication and RS transmission 
· Ex3) RS indication, RS transmission, CSI feedback triggering and CSI reporting in the same [SF]
· Signaling method for timing, if needed (if so, details)
· Feasible time gap between RS transmission and CSI reporting taking CSI computation delay/complexity, propagation delay, channel coherence time, and UL timing advance into account
· Signaling overhead needs to be taken into account
· Note: the timing above refers to layer 1 control signaling, higher-layer signaling or a combination thereof
· Note: RS indication can be RS triggering or RS activation/deactivation, and can include RS resource configuration. 
· Note: This doesn’t preclude a fixed timing based RS transmission for CSI measurement, CSI feedback reporting.
Agreements:
· NR support NR RS configured on a per UE basis
· FFS whether or not to support always-on non-UE-specific RS in NR
· Including the details of always-on and non-UE-specific, if supported
Agreements:
· For NR, support DL CSI measurement with X antenna ports
· Study the values of X = 1,2,4,8,12,16,20,24,28,32
· Study whether additional values of X are needed, including X > 32 (e.g., 64)
· Other values of X are not precluded


In this contribution, we present our general views on CSI-RS design for downlink CSI acquisition.


Discussion
CSI-RS configurations
In the last meeting, three types of CSI-RS transmission schemes, i.e., periodic, aperiodic and semi-persistent CSI-RSs, are identified and it was agreed that at least one of them is to be supported. Table I summarizes some investigations on those CSI-RS transmission schemes.
Table I: Comparison of periodic, aperiodic and semi-persistent CSI-RS
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Aperiodic CSI-RS, i.e., single-shot CSI-RS, has been discussed in Rel. 14 eFD-MIMO WI. It enables flexible scheduling of CSI-RS transmission and achieves reduced overhead for CSI-RS. Considering the forward compatibility for NR frame structure, it is should be a baseline for NR CSI-RS. Fig. 1 shows example procedure for aperiodic CSI-RS and its CSI reporting. In this example, single DCI triggers both of CSI-RS transmission and CSI reporting. In order to acquire accurate CSI, CSI calculation delay and the total delay should be as short as possible also considering feasible processing time. If aperiodic CSI-RS is UE-specifically triggered, CSI-RS overhead increases according to the number of UEs. Therefore some mechanism to share single CSI-RS resource with multiple UEs should be studied, i.e., sharing of CSI-RS resources, and such resource can be triggered in a UE group searching space.
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Fig. 1: Frame structure for aperiodic CSI-RS based CSI acquisition
Periodic CSI-RS, on the other hand, can be achieved without DCI by the sacrifice of CSI-RS transmission flexibility.  It can be used for link/beam maintenance and coarse CSI acquisition. On the other hand, it may have issues on future compatibility, if it is always-on and transmitted with high density. Thus, it should be configured on/off, if it is supported. Furthermore, necessity of periodic CSI-RS should be discussed considering L3 beam management design, since major use cases are similar. Semi-persistent CSI-RS, i.e., multi-shot CSI-RS, achieves intermediate characteristic between periodic and aperiodic CSI-RSs with respect to CSI-RS and DCI triggering overhead. It can be utilized for similar function as periodic and aperiodic CSI-RSs by adjusting its configuration and triggering. The scheme can be also used for TRP and UE beam sweeping and UE panel selection as shown in Fig. 2. For analogue beam sweeping, CSI-RSs should be multiplexed with TDM. Considering the control delay for beam sweeping, single CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol, and the symbol-level multi-shot CSI-RS should be supported. Fig. 3 shows two different signaling mechanisms for semi-persistent CSI-RS. In the option 1, RRC signaling indicates periodic CSI-RS resources with subframe configuration. Additionally, DCI indicates activation and deactivation of CSI-RS transmission. Periodic CSI-RS can be achieved using this option with activation but without deactivation triggering. On the other hand, this scheme is sensitive to DCI reception error. For example, if UE erroneously receive activation trigger, it continues to report its CSI. Similarly, CSI reporting deactivation can happen involuntary to the NW. Option 2 achieves semi-persistent CSI-RS with single DCI trigger. This option is more advantageous in terms of DCI error but has less affinity to periodic CSI-RS transmission. Finally, the rate matching for CSI-RS is also to be discussed. It can be notified UE-specifically, if CSI-RS is transmitted with subband manner, e.g., with DCI. Otherwise, it can be notified with non-UE-specific manner.
Proposal 1: Aperiodic CSI-RS is supported together with resource sharing mechanism. 
Proposal 2: Symbol-level multi-shot transmission of CSI-RS should be supported, e.g., for beam sweeping and panel selection.
Proposal 3: Single CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol
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Fig. 2: Example use cases of semi-persistent CSI-RS
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Fig. 3: Triggering mechanism for semi-persistent CSI-RS
Number of CSI-RS APs
As agreed in the previous RAN1 meetings, TRP equips larger number of antenna elements (AEs) compared with that assumed for LTE-A, i.e., up to 256 and 1024 for the carrier frequency of 30 and 70 GHz, respectively. In order to exploit beamforming gain, higher resolution CSI is to be obtained. One option is to utilize non-precoded CSI-RS with larger number of APs. This scheme enables to acquire larger number of raw channels at the UE receiver with the sacrifice of CSI-RS overhead. Another option is to utilize reduced number of APs with beamformed CSI-RS. This scheme can reduce the CSI-RS overhead but acquires only partial CSI. These pros/cons should be studied for efficient CSI-RS design. Here, in the last meeting, there was discussion on the number of CSI-RS APs especially on the upper limit. NP CSI-RS based operation generally requires large number of APs, since beamforming is not applied. We should study whether it is beneficial to have large CSI-RS APs in terms of performance, e.g., null-beam control using large CSI-RS APs. On the other hand, BF CSI-RS also requires large CSI-RS APs when it is used for beam selection. However, BF CSI-RSs can be configured by aggregating multiple CSI-RS resources, where APs per CSI-RS resource remains small. Hence, the bottleneck for the maximum number of CSI-RS APs is limited by NP CSI-RS operation. It should be determined also considering CSI derivation complexity and specification impact. Table II shows system-level simulation results to show the impact of the number of CSI-RS APs. Major simulation assumptions are shown in the appendix. We compare the performance for CSI-RS APs of 16 and 32 with the same antenna element configuration of (M, N, P, Mg, Ng) = (8, 4, 2, 1, 1). In the simulation, a single TXRU is mapped to 4 and 2 adjacent vertical AEs with subarray partitioning. We assumed ideal CSI at the transmitter side. The results show that we have marginal gain for 32-Tx CSI-RS for SU-MIMO transmission compared to the case with 16-Tx case.
Table II: Comparison of the number of CSI-RS APs assuming same AE configuration
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Observation: Marginal system throughput gain is observed for SU-MIMO transmission with higher resolution CSI acquisition (32-Tx NP CSI-RS).
Proposal 4: Performance benefit to have large CSI-RS APs should be further clarified, especially for NP CSI-RS. Number of CSI-RS APs should be determined also considering CSI derivation complexity and specification impact.
Others
Considering the possible operation with beamformed CSI-RS, it is straightforward to study non-orthogonal resources for CSI-RS sequences, which is analogous to LTE-A DM-RS, i.e., spatial division multiplexing of CSI-RS. It is beneficial to reduce CSI-RS overhead.
[bookmark: _GoBack]Proposal 5: Introduction of non-orthogonal sequence should be studied for BF CSI-RS.
Summary
In this contribution, we presented general views on CSI-RS design for NR downlink transmission. Based on the discussion, we made the following observations and proposals.
Proposal 1: Aperiodic CSI-RS is supported together with resource sharing mechanism. 
Proposal 2: Symbol-level multi-shot transmission of CSI-RS should be supported, e.g., for beam sweeping and panel selection.
Proposal 3: Single CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol
Observation: Marginal system throughput gain is observed for SU-MIMO transmission with higher resolution CSI acquisition (32-Tx NP CSI-RS).
Proposal 4: Performance benefit to have large CSI-RS APs should be further clarified, especially for NP CSI-RS. Number of CSI-RS APs should be determined also considering CSI derivation complexity and specification impact.
Proposal 5: Non-orthogonal sequence should be studied for BF CSI-RS.
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Appendix
Table A1: System-level simulation parameters
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Parameter Values

Macro network layout Urban macro (ISD: 500 m)

BS antenna configuration 2D AAS, AE spacing (V, H) = (0.5, 0.8) lambda

UE antenna configuration 2D AAS, AE spacing (V, H) = (0.5, 0.5) lambda

BS antenna array structure (M,N,P,Mg,Ng) = (8, 4, 2, 1, 1) 

UE antenna array structure 2-Rx

BS antenna pattern 3D pattern in TR36.873

Traffic model

Full buffer

Channel model 3GPP 36.873

Carrier frequency 4 GHz

Bandwidth 20 MHz

Tx power 49 dBm

scheduler Subband SU PF

CSI at transmitter Ideal
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CSI-RS and DCI overheads

Cons

•

Large DCI overheads

•

Less flexibility on CSI-RS 

transmission

•

Less future compatibility, if 

it is always-on and 

transmitted with high 

density.

•

Intermediate characteristics 

CSI-RS and DCI overheads

Note

•

Time sensitive for finer CSI 

acquisition

•

Better to be configured

on/off considering future 

compatibility

•

Non-UE-specific 

configuration is better to be 

supported.

•

Different design exist 

(activation/deactivation 

triggering, single triggering 

for multi-shot CSI-RS, etc.).


