
3GPP TSG RAN WG1 NR-Adhoc
R1-1700551
Spokane, USA, January 16 – 20, 2017

Source:
Guangdong OPPO Mobile Telecom
Title:
CSI-RS design for NR
Agenda Item:
5.1.2.3.1
Document for:
Discussion and Decision

1. Introduction

CSI-RS can be used for beam management, CSI measurement and mobility measurement for NR. The design of CSI-RS signal would significantly impact the performance of DL transmission. In RAN1#87 meeting, it was agreed that:
Agreements:
· NR supports semi-persistent CSI-RS transmissions

· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically

· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.

· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions

· FFS: Details on signaling mechanisms
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping

· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure

· NP CSI-RS port(s) can be mapped per (sub)time unit

· Across (sub)time units, same CSI-RS antenna ports can be mapped

· Values of NP is FFS

· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 

· Each time unit can be partitioned into sub-time units

· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded

· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 

· Tx beam(s) are same across sub-time units within each time unit

· Tx beam(s) are different across time units

· Option 2:

· Tx beam(s) are different across sub-time units within each time unit

· Tx beam(s) are same across time units

· Option 3: combination of Alt1 and Alt2:

· Within one time unit, Tx beam(s) are same across sub-time units.

· Within another time unit, Tx beam(s) are different across sub-time units.

· FFS combination of the different time units in terms of e.g., number and periodicity

· Note that only Tx sweeping or Rx sweeping is also a possibility

· Other options are not precluded.

· FFS: how to capture “same beam” and “different beam” in spec

· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations
In this contribution, we discuss remaining issues on the design of CSI-RS.
2. Discussion
In LTE, CSI-RS is transmitted through the whole system bandwidth to acquire wideband/subband CSI. In NR, wideband CSI is still needed for some downlink transmission scheme e.g. open-loop or semi-open-loop MIMO transmission. Also, beam management and mobility measurement also require measurement in a large bandwidth. A wideband CSI-RS should be supported for NR especially for single numerology carrier.
In a multiple numerologies use case, data using different numerologies could be FDMed in the system bandwidth. The wideband CSI-RS may be FDMed or TDMed with the data using different numerologies. If the data with different numerologies could be flexibly (e.g. dynamically) multiplexed in frequency domain or time domain, it is not available for CSI-RS to follow the numerology of data in each transmission band since the transmission and signaling for CSI-RS would be very complex. Even when the transmission bands of different numerologies are semi-statistic and non-UE-specific, splitting the wideband CSI-RS to multiple partial band CSI-RS would also increase the complexity of UE channel estimation and measurement. Hence, different numerology for CSI-RS from that for data TDMed or FDMed with the CSI-RS should be supported.
Proposal 1:  Wideband CSI-RS using single numerology is supported for NR. Further study whether/how partial band and/or subband CSI-RS is supported.
Proposal 2: The numerology of CSI-RS can be different from the data in the same transmission band and slot.
In LTE FD-MIMO, one CSI-RS resource shared among multiple UEs (so-called CSI-RS resource pooling) by TDM is supported via aperiodic CSI-RS. A periodic CSI-RS can be transmitted using multiple beams in a TDM manner to different UEs. In NR, since different bands may be allocated to different UEs to transmit data using different numerologies, the CSI-RS pooling can be extended to frequency domain. As shown in Fig.1, the wideband and periodic CSI-RS can be split to multiple bands allocated to different UEs via aperiodic CSI-RS. The aperiodic CSI-RS can be used to acquire partial band/subband CSI to support MIMO transmission.
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Fig.1 CSI-RS resource pooling in time domain and frequency domain
Proposal 3: Time domain and frequency domain sharing of a wideband and periodic CSI-RS resource among UEs is supported.
It was agreed that CSI-RS could be used for downlink beam management procedure P1, P2, P3. gNB could use the same/different beams for different CSI-RS resources or different ports within a resource. Since different ports within a resource are usually transmitted in the same sub-time unit(s), configuration of multiple CSI-RS resources with small number of ports (e.g. 1 or 2) is preferred. When gNB configures CSI-RS resources for beam management, UE should know which CSI-RS resources are used for P1 or P2 or P3. Hence, gNB should indicate UE whether multiple CSI-RS resources use the same or different beams via configuration signaling of CSI-RS resources or triggering signaling.
Proposal 4: For beam management, whether multiple CSI-RS resources use the same or different beams should be indicated to UE.
3. Conclusions
In this contribution, we discuss the design of CSI-RS for NR measurement and beam management. We have the following proposals:
Proposal 1:  Wideband CSI-RS using single numerology is supported for NR. Further study whether/how partial band and/or subband CSI-RS is supported.

Proposal 2: The numerology of CSI-RS can be different from the data in the same transmission band and slot.
Proposal 3: Time domain and frequency domain sharing of a wideband and periodic CSI-RS resource among UEs is supported.
Proposal 4: For beam management, whether multiple CSI-RS resources use the same or different beams should be indicated to UE.
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