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Introduction
At the last meeting, there were intensive discussions on RS design for NR with respect to beam management. Several agreements were reached as follows [1].
	Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals
Agreements:
· Support NR CSI-RS pattern with at least the following properties: 
· CSI-RS mapped in one or multiple [consecutive] symbols
· FFS: At least CSI-RS located at the earlier part of a slot in some cases
· FFS: before or after the DM-RS agreed to study in RAN1#85
· FFS: CSI-RS located at other part of a slot
· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner
· Working assumption: CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook
· Support at least following configurations of NR CSI-RS
· UE-specific configuration to support
· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs
Working assumption:
· The number of antenna ports supported for CSI-RS configuration includes at least the following values
· 1,2,4,8,[12],16,[20],[24],[28],32
· RAN1 will update/remove above bracket parts in the next meeting
· Study e.g., performance, scenario, RS overhead, RS pattern considering the frame structure, reuse of hardware between NR and LTE


In this contribution, we present our views on MRS and CSI-RS design for downlink beam management.
Discussion
In the last meeting, it was agreed as a working assumption that two RSs are utilized for beam management, which are RS defined for mobility (mobility RS (MRS) hereafter) and CSI-RS. The main purpose of MRS is L3 mobility. It can be transmitted with multi-beam-based manner in order to increase the network coverage. It enables UE to stay connected to the network by semi-statically selecting L3 beam(s). The beam width is assumed to be the same or wider compared to that for CSI-RS, in order to reduce large L3 beam overhead, measurement load and reporting frequency. On the other hand, CSI-RS handles dynamic beam management. It is assumed that CSI-RS-based beam management is performed based on the beam information which is acquired by MRS-based beam procedures, if available. For instance, refinement of the beam is performed by CSI-RS-based beam management. The width of MRS/CSI-RS beams highly depend on the scenario, antenna configuration and coverage requirement. In addition, the number of beams, which is used for the association, is to be studied as well. 
Mobility RS (MRS)
MRS can be used for coarse beam management. In order to support L3 mobility for stand-alone operation, periodic transmission is to be supported for MRS. The periodicity of MRS should be same or smaller than the coherent time of beam quality. On the other hand, aperiodic transmission of MRS can be also supported, if clear use case is identified. But, here, it should be noted that the functionality of aperiodic MRS transmission can be covered by aperiodic CSI-RS. Detailed design for aperiodic transmission is to be studied. Considering that the main motivation of the MRS is to identify associated beam, the number of antenna ports for MRS can be not as large as that for CSI-RS. AP number of one can achieve minimum requirement of MRS, which is the beam identification. The information can be utilized for coarse beam selection which can be followed by beam management with CSI-RS. In addition, different polarizations are suffered by different propagation for some cases. In this sense, two orthogonal MRS resources can be transmitted from a TRP. One possible example can be MRS transmission using two APs. In order to reduce duration for beam sweeping, it is beneficial to study simultaneous transmission of multiple MRSs in a single OFDM symbol to reduce duration for beam sweeping, e.g., per panel MRS transmission. Examples are shown in Fig. 1. In this example, beams are transmitted per panel and eight MRS beams are swept using two time units, e.g., two OFDM symbols. The MRS multiplexing schemes other than TDM should be studied such as FDM and CDM like the example in Fig. 1. In terms of the feedback information for L1/L2 beam management, minimum set can be index of selected beam(s) and quality of beams, e.g., RSRP related information. 
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Figure 1: Simultaneous transmission of multiple MRS resources

Proposal 1: Study necessity of multiple APs for MRS especially for the use case for 2 APs with different polarizations.
Proposal 2:  Study simultaneous transmission of multiple MRSs in a single OFDM symbol.
CSI-RS
CSI-RS configurations
In the last meeting, it was agreed that aperiodic transmission of CSI-RS is supported. 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 supported, 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 is achieved without DCI overhead by the sacrifice of transmission flexibility and overhead of CSI-RS.  It can be used for link/beam maintenance and coarse CSI acquisition. Considering the forward compatibility it should be configured on/off, if it is supported. One enabler for the periodic transmission is semi-persistent transmission. For semi-persistent CSI-RS, periodic transmission is activated/deactivated based on pre-configured periodic CSI-RS resources. For instance, activation/deactivation is realized by DCI or MAC CE. However, DCI based activation/deactivation is not suitable considering possible error for DCI transmission. For example, if UE erroneously receive activation trigger, it continues to report its CSI. Similarly, CSI reporting deactivation can happen involuntary to the NW. Fig. 2 shows another use case for semi-persistent transmission of CSI-RS. The scheme can be used for TRP and UE beam sweeping and UE panel selection. CSI-RSs should be multiplexed with TDM considering beam sweeping in analog domain. A CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol, in order to reduce beam sweeping duration. 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 3: Subframe-level periodic transmission of CSI-RS is supported. Activation and deactivation are enabled by RRC signaling or MAC CE.
Proposal 4: Symbol-level multi-shot transmission of CSI-RS should be supported, e.g., for beam sweeping and panel selection.
Proposal 5: 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
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 4/30 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 partial CSI. The use cases for each scheme are to be identified 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. 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 should be NP CSI-RS. Table II shows evaluation results in [2] on the number of CSI-RS APs assuming same AE configuration. We compare the performance for CSI-RS APs of 16, 32 and 64 with identical antenna element configuration of (M, N, P, Mg, Ng) = (8, 4, 2, 1, 1) for 3D UMi scenario assuming 2 GHz. The results show that the gain of 1.3-19.0 % is observed for mean UPT with 32-Tx CSI-RS compared to the case with 16-Tx case. It is considered that CSI-RS with 32-Tx CSI-RS is beneficial especially for the low frequency bands.
Table II: Comparison of the number of CSI-RS APs
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Considering that we have severe restriction on the number of TXRUs for higher frequency, it is more feasible that 32-Tx CSI-RS is utilized for lower frequency bands. More specifically, it is assumed it is deployed for dense urban, UMa and rural scenarios. Moreover, it is beneficial, if NR can reuse the TRP antenna while migrating from LTE-A to NR. In this sense, it is beneficial that we have the same set of AP number compared to LTE-A.
Proposal 6: The number of APs for CSI-RS configuration includes at least the following values.
· 1, 2, 4, 8, 12, 16, 20, 24, 28 and 32
Non-orthogonal multiplexing of CSI-RS
In Rel. 10 LTE, DL DM-RS was introduced for PDSCH demodulation. It applies non-orthogonal scrambling sequence for multiplexing DM-RS resources. This is because DM-RS is beamformed and the more than one resource can be multiplexed in spatial domain. Considering the possible operation with beamformed CSI-RS, it is straightforward to study non-orthogonal resources for CSI-RS sequences, i.e., spatial division multiplexing of CSI-RS. It is beneficial to reduce CSI-RS overhead.
Proposal 7: Study non-orthogonal sequence CSI-RS, e.g., scrambling sequence.
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: Study necessity of multiple APs for MRS especially for the use case for 2 APs with different polarizations.
Proposal 2:  Study simultaneous transmission of multiple MRSs in a single OFDM symbol.
[bookmark: _GoBack]Proposal 3: Subframe-level periodic transmission of CSI-RS is supported. Activation and deactivation are enabled by RRC signaling or MAC CE.
Proposal 4: Symbol-level multi-shot transmission of CSI-RS should be supported, e.g., for beam sweeping and panel selection.
Proposal 5: Single CSI-RS resource should be composed of short time period, e.g., 1 OFDM symbol.
Proposal 6: The number of APs for CSI-RS configuration includes at least the following values.
· 1, 2, 4, 8, 12, 16, 20, 24, 28 and 32
Proposal 7: Study non-orthogonal sequence CSI-RS, e.g., scrambling sequence.
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