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Introduction
At the RAN1 #85 meeting, there were intensive discussions on high-level design of multi-antenna schemes for NR with respect to MIMO transceiver implementation, beamforming schemes, CSI feedback schemes, RS design, etc. Several agreements were reached as follows.
	Agreements:
· Following three implementations of beamforming are to be studied in NR
· Analog beamforming
· Digital beamforming
· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency
Agreements:
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
Agreements:
· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded
Agreements:
· In NR multi-antenna schemes, studies on CSI acquisition framework  include
· CSI reporting schemes
· Implicit CSI feedback
· Parameters indicating channel quality based on a set of transmission and receiving hypotheses associated with one particular UE, e.g. CQI, PMI, RI, CRI
· Explicit CSI feedback: for both quantized and unquantized/analog CSI feedback
· Parameters representing channel coefficients or some reduced-space representation thereof
· Reciprocity-based feedback
· For example, take into account interference and/or receiver hypothesis can be included
· Note: including aperiodic, periodic and semi-persistent, and single/wide band and sub-band feedback
· Mixed feedback is not precluded
· Interference measurement
· FFS: CSI measurement and/or reporting and/or triggering can be ‘self-contained’ in at least time domain
Agreements:
· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE


In this contribution, we present our general views on RS structure for downlink transmission together with QCL assumption for NR. We also discuss our views on beam management and CSI acquisition schemes in our companion contributions [1, 2].
RS Structure for Downlink Transmission 
CSI-RS
A beam management is a key technology for NR. One option is CSI feedback based on CSI-RS as supported in LTE-A. Considering the future compatibility of NR, always-on CSI-RS should be avoided as much as possible and dynamic transmission of CSI-RS is to be studied. Fig. 1 shows example frame structure for triggered transmission of CSI-RS and CSI reporting. In this example, single DL control signaling can trigger both of CSI-RS transmission and CSI reporting. The signaling is better to be designed to achieve rate matching of DL data channel depending on the presence of CSI-RS. If dynamic 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. Frame structure should be determined considering the feasible duration for CSI calculation and the total delay. Necessity of semi-persistent transmission of CSI-RS (multi-shot CSI-RS) should be also studied. It may be beneficial to reduce control signaling overhead. Other possible use cases of multi-shot CSI-RS are shown in Fig. 2. Multi-shot CSI-RSs can be also used to achieve UE beam sweeping and panel selection. CSI-RS design should accommodate different MIMO implementations, i.e., digital/analogue/hybrid beamforming. In this sense, single CSI-RS resource should be designed with short time period, e.g., 1 OFDM symbol, if beam sweeping is conducted with multiple analogue-beamformed CSI-RSs. 
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Fig. 1: Frame structure for CSI-RS based CSI acquisition
[image: ]
Fig. 2: Example use cases of multi-shot CSI-RS
Proposal 1: Study mechanism for dynamic CSI-RS and necessity of semi-persistent CSI-RS. 
· Schemes for UE beam sweeping and panel switching should be also studied.
Proposal 2: Study mechanism to reduce CSI-RS overhead, e.g., resource sharing of CSI-RS. 
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 should 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 and design complexity. 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. Finally, considering the possible operation with beamformed CSI-RS, it is straightforward to consider non-orthogonal resources for CSI-RS like LTE-A DM-RS, i.e., spatial division multiplexing of CSI-RS.
Proposal 3: Pros/cons of NPCSI-RS and BF CSI-RS should be studied for efficient CSI-RS design. 
· Non-orthogonal multiplexing should be studied for beamformed CSI-RS.
SRS (reciprocity based CSI acquisition)
Another option for CSI acquisition is reciprocity based scheme with uplink RS. For LTE-A, it is typical to use SRS for this purpose. SRS was initially designed in Rel. 8 LTE in order to perform MCS selection. It is important that further optimization for reciprocity based scheme is conducted in terms of multiplexing density, achievable SINR, etc. Furthermore, LTE/LTE-A based SRS has some issues as follows. Firstly, it requires long duration for wideband sounding for power limited scenarios, since frequency hopping is conducted with subframe basis. In addition, transmission power control of successive PUSCH and SRS symbols require difficult implementation in terms of power transition. In this sense, short-term frequency hopping should be studied for NR.  Fig. 3 shows an example frame structure with self-contained frame structure and short-term frequency hopping.
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Fig. 3: Frame structure for SRS based CSI acquisition

Proposal 4: SRS should be optimized not only for uplink link adaptation but also for reciprocity based DL transmission.
Proposal 5: Study frequency hopping with successive UL symbols.
Downlink DM-RS
DM-RS is utilized for data demodulation. More specifically, it is targeted for estimating time and frequency variation of the fading channel and track phase rotation. In order to omit TPMI signalling, DM-RS should be precoded/beamformed in the same manner as associated DL data. Detailed discussion for DM-RS design is discussed in our companion contribution [3].
Proposal 6: Downlink DM-RS should be multiplexed with the same precoder as associated DL data.
Quasi Co-Location Assumption
QCL type B was introduced in Rel. 11 LTE to support DL CoMP dynamic point selection. QCL information is notified to UE to enable fine synchronization in time and frequency domains. For NR, similar mechanism should be introduced with further optimization toward possible enhancement on multi-TRP coordination, e.g., joint transmission. In addition, QCL design should be impacted by increased frequency offset and new numerology especially for higher frequency band. Furthermore, it should also consider enhanced beamforming, since beamforming affect propagation characteristics such as delay spread and average delay. SS/RS design and multi-TRP coordination should be determined considering relevant design for QCL assumption.
Proposal 7: Study possible enhancement on QCL assumption. Followings should impact the design.
· Advanced multi-TRP coordination
· Increased frequency offset and new numerology for higher frequency
· Design of beam management
Summary
In this contribution, we presented general views on RS structures for NR downlink transmission. Based on the discussion, we made the following observations and proposals.
Proposal 1: Study mechanism for dynamic CSI-RS and necessity of semi-persistent CSI-RS. 
· Schemes for UE beam sweeping and panel switching should be also studied.
Proposal 2: Study mechanism to reduce CSI-RS overhead, e.g., resource sharing of CSI-RS. 
Proposal 3: Pros/cons of NPCSI-RS and BF CSI-RS should be studied for efficient CSI-RS design. 
· Non-orthogonal multiplexing should be studied for beamformed CSI-RS.
Proposal 4: SRS should be optimized not only for uplink link adaptation but also for reciprocity based DL transmission.
Proposal 5: Study frequency hopping with successive UL symbols.
Proposal 6: Downlink DM-RS should be multiplexed with the same precoder as associated DL data.
Proposal 7: Study possible enhancement on QCL assumption. Followings should impact the design.
· Advanced multi-TRP coordination
· Increased frequency offset and new numerology for higher frequency
· Design of beam management
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