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Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. At RAN1 #87 [2], the following agreement on CSI-RS for beam management was achieved:
	Agreements:
· 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 present our views on the considerations of the design and configuration of CSI-RS for beam management. In the following discussion, the CSI-RS for beam management would be referred to as B-CSI-RS (beam management CSI-RS).
Time unit and sub-time unit partition in B-CSI-RS 
B-CSI-RS has the mapping structure of time unit and sub-time unit to support the Tx beam sweeping and Rx beam sweeping, as in the agreement in RAN1 #87[2]. The following options can be considered to support time unit and sub-time unit partition for B-CSI-RS. Here the numerology of OFDM symbols used for normal downlink data transmission is referred to as the reference OFDM symbol.
Method 1: one sub-time unit is one OFDM symbol and one time unit comprises R reference OFDM symbols. The disadvantage of this method is that overhead of B-CSI-RS is large. To support the beam sweeping with NT Tx beams and NR Rx beams, we need NT×NR OFDM symbols. Since beam sweeping is applied on those OFDM symbols, the unused REs are generally not available for normal data transmission. Multiplexing the B-CSI-RS configured to multiple UEs on the same set of OFDM symbol would be one way to utilize the time-frequency resource efficiently. 
Method 2: mapping the B-CSI-RS signals on every R REs in frequency domain. In this manner, each OFDM symbol has R time repetitions in time domain. An example is shown in Figure 1a. In this example, the B-CSI-RS is mapped every R = 4 REs in frequency domain. In time domain, one OFDM symbol has 4 time-domain signal repetitions.


Figure 1a
In this method, one time unit can occupy N ≥ 1 OFDM symbols and each OFDM symbol has R repetitions. Then there are totally N×R sub-time units in one time unit. Figure 1b shows an example of time unit with N = 3 OFDM symbols. In this example, B-CSI-RS is mapped on every 4 REs. There are totally 12 sub-time units in one time unit.
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Figure 1b
One limitation of this method is that we can only apply UE Rx beam sweeping over the repetitions within one OFDM symbol because the same signals are transmitted in those repetitions and thus only option 1 of mapping CSI-RS for Tx/Rx beam sweeping in the agreement of RAN1#87[1] can be supported. On the other hand, the advantage of this method is that the cyclic prefix of B-CSI-RS OFDM symbol is not shorter than the reference OFDM symbol and thus the B-CSI-RS signal does not experience more inter-symbol interference.
Method 3: using larger subcarrier spacing and shorter OFDM symbol length for the sub-time unit. In this method, one sub-time unit is one shorter OFDM symbol with subcarrier spacing being X ≥ 1 times of that of the reference OFDM symbol. The method 1 discussed above can be considered as a special case of method 3 with X = 1. In this method, one time unit can be comprised of N reference OFDM symbols and there are X shorter OFDM symbol within one reference OFDM symbol. There are totally N×X sub-time units in one time unit. Figure 2 shows an example of one time unit = 2 reference OFDM symbols and X = 4. In this example, there are 8 sub-time units in one time unit.
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Figure 2
The advantage of this method is flexible Tx and Rx beam sweeping can be supported. In the example of Figure 2, the gNB can apply the same Tx beams on those 8 shorter symbols and UE sweeps the Rx beams in one time unit; the gNB can also sweep the Tx beams over those 8 shorter symbols and UE applies the same Rx beams. The drawback of this method is that the cyclic prefix is reduced by X times (to keep the same overhead of cyclic prefix) and thus the B-CSI-RS signal would experience more inter-symbol interference. The B-CSI-RS is only used to measure the beam RSRP and so the B-CSI-RS might be able to tolerate more inter-symbol interference than normal data transmission.
Proposal 1: The sub-time unit in B-CSI-RS is partitioned through one of the following method:
· Alt A: The B-CSI-RS is mapped every R REs in frequency domain so that there are R time domain repetitions in one OFDM symbol;
· Alt B: One sub-time unit is one shorter OFDM symbol with X times subcarrier spacing of reference OFDM symbol
Configuration of B-CSI-RS
This section considers the configuration for the B-CSI-RS resource. The gNB can have multiple TXRUs connected to multiple antenna panels. The gNB can use multiple TRPs to transmit downlink data to the UE. In those deployment scenarios, the UE should measure and select one ‘best’ Tx beam of each antenna panel or TRP. The configuration of B-CSI-RS should be able to support multiple TXRUs and multiple TRPs.
In one example shown in Figure 3, the gNB has two TXRUs connected to two Tx antenna panels. The gNB selects one analog beams on each antenna panel for the downlink data transmission, e.g., MIMO transmission. The UE should be able to measure multiple Tx beams on each panel and then select one ‘best’ Tx beam on each panel. To achieve this, the configuration of B-CSI-RS should be able to indicate the UE to measure and report the beams for different multiple TXRUs. Considering one gNB with M TXRUs connected with M antenna panels. On each antenna panel, there are multiple analog beams available for downlink transmission and the gNB and the UE need to select one ‘best’ Tx beam on each antenna panel through the beam management procedure.


Figure 3
In another example, multiple TRPs are used to transmit to one UE, through e.g., non-coherent JT (joint transmission). In this case, the UE should be able to measure and select one ‘best’ Tx beam of each TRP. To enable this, the configuration of B-CSI-RS should indicate the UE to measure and report the beams for multiple TRPs.
The analog beams from different TXRU and/or TRPs can be multiplexed on different groups of CSI-RS ports in one B-CSI-RS resource (for efficient time-frequency resource usage). The configuration of B-CSI-RS should support indicating the UE to measure and select the ‘best’ beams of each group. In addition, those ‘best’ beams of different TXRUs or TRPs are used by the gNB at the same time for downlink transmission and are received by the same UE Rx beams/mode. The UE should consider take into account this constraint in the beam measurement and reporting. Alternatively, gNB can configure N CSI-RS resources for N TXRUs or TRPs, and let UE to select, measure and report N beams and each beam is the ‘best’ beam of each CSI-RS resource. The gNB can let UE to select those N beams by assuming those beams are received with one same UE Rx beam(s)/mode.
Proposal 2: The configuration of CSI-RS for beam management supports multiple TXRUs and/or TRP:
· The UE can be configured to measure, select and report the ‘best’ beams of each TXRU and/or TRP with constraint on the UE Rx beam(s) used.

Conclusions
This contribution discusses the design of CSI-RS for beam management. In particular, the following are proposed:
 Proposal 1: The sub-time unit in B-CSI-RS is partitioned through one of the following method:
· Alt A: The B-CSI-RS is mapped every R REs in frequency domain so that there are R time domain repetitions in one OFDM symbol;
· Alt B: One sub-time unit is one shorter OFDM symbol with X times subcarrier spacing of reference OFDM symbol

Proposal 2: The configuration of CSI-RS for beam management supports multiple TXRUs and/or TRPs:
· The UE can be indicated to measure, select and report the ‘best’ beams of each TXRU and/or TRP with constraint on the UE Rx beam(s) used.
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