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Introduction
At RAN1 #87 and RAN1#NR-AH, the followings were agreed on CSI-RS for beam management:
	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

Agreements:
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:
· Opt1. IFDMA
· Opt2. Larger subcarrier spacing
· Other solutions are not precluded
· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.
· Other aspects considered during the CSI-RS design for NR beam management include, e.g. CSI-RS multiplexing, UE beam switch latency and UE implementation complexity (e.g. AGC training time), coverage of CSI-RS, etc.
· Note that it does not imply prioritizing different aspects in CSI-RS design




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 includes (1) flexible Tx and Rx beam sweeping can be supported; (2); the CSI-RS may also be mapped in OFDM symbols corresponding to SS blocks in which shorter OFDM symbols are likely to be used for over6GHz; and (3) the CP in each shorter symbol can provide guard time for Rx beam switch and AGC adjustment to deal with large power variations among different Rx beams. 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. However, if 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.
Based on the discussions, the following is proposed.
Proposal 1: The sub-time unit in B-CSI-RS can be configured as 1/X-th of the length of OFDM symbol in the default numerology, by means of X-times subcarrier scaling, where possible values of X are 1, 2 and 4.

CSI-RS for Beam Refinement
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 per polarization, 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 swept on different time units 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 per TXRU. 


Figure 3
In another example, multiple TRPs are used to transmit to a 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 per TRP.
Given that the recent NR agreements allow very flexible CSI-RS settings, the beam management CSI-RS can be configured to support per-TRP/panel measurement. For example the following configuration can be used for B-CSI-RS:
· NSettings CSI-RS settings, one CSI-RS setting per panel/TXRU;
· S = 1 CSI-RS set in each setting;
· Ks CSI-RS resources in each set/setting, where each resource corresponds to a time unit, and Ks resources are mapped in different time units.
· NP(s)-port CSI-RS per resource
When configured with these NP CSI-RS settings, UE may be configured to report RSRP(s) of selected CSI-RS resource corresponding to a tuple of (a port, a resource, a setting). 
Network may utilize multiple TXRUs and/or TRPs to serve a UE for a downlink transmission (e.g., PDSCH or PDCCH), and these multiple analog beams should be able to be received with an Rx beam set. The UE should consider take into account this constraint in the beam measurement and reporting. For facilitating this, gNB can configure UE to select, measure and report N beams and each beam is the ‘best’ beam of each CSI-RS set/setting. The gNB can configure UE to select those N beams by assuming those beams are received with one same UE Rx beam set. More details can be found in a companion contribution [1]:
Proposal 2: The B-CSI-RS configuration allows for per TRP/panel beam-state reporting.
Proposal 3: The UE can be indicated to measure, select and report for the ‘best’ beams per configured CSI-RS set/setting, received with the same UE Rx beam set.
Cell-specific CSI-RS for Beam Management
CSI-RS may also be used for initial beam selection, if it is cell-specifically configured. The beam sweeping used for SS blocks is likely to have a limited resolution, because:
(1) The number of SS blocks in an SS burst set is likely to be small, in order to maintain the resource overhead small for the always-on SS; and 
(2) The number of antenna ports for the SSS is either 1 or 2, to maintain UE complexity small for cell ID detection. 
[bookmark: _GoBack]As discussed in our companion contribution [2], one method to provision the number of beams of an SS burst set could be according to the maximum number of analog beams that can be swept on each TXRU. When a cell has a multiple TXRUs (and TRPs), the network can configure all the TXRUs can transmit their own beams in the SFN manner on each SS block, e.g., to reduce the system overhead related to beam sweeping. In particular, when a cell has a large number of TXRUs, the beam information the network can acquire out of SSS in each SS block may be limited due to the SFN transmission, and an additional procedure will be necessary for the network to acquire TXRU/TRP-specific beam information for each UE. This additional procedure may be referred to “initial beam selection.” 
To facilitate the initial beam selection efficiently, the network can provide cell-specifically configured CSI-RS. This cell-wide CSI-RS can also be used for beam switching due to intra-cell UE mobility. In addition, the CSI-RS can also be used for inter-cell beam measurement for L3 mobility. When the network consider a certain neighbour cell for handover for a UE, the network can configure UE to report the neighbour cell’s beam measurement results so that the network can ensure beam alignment with the target cell, when the UE is handed over; otherwise, beam management delay may cause UE to experience service interruption. In addition, the cell-wide CSI-RS can also be used for time-frequency tracking, if the CSI-RS pattern can specifically designed for such a purpose. To allow for all these operations, it is preferred to configure the cell-wide CSI-RS cell specifically, e.g., via MIB based signalling on PBCH. 
The CSI-RS mapping to support the cell-wide beam management should have at least the following features:
· In a CSI-RS setting/set, K resources are configured, and the beams can be swept over K (sub)time units utilizing the K resources. 
· Same number of ports is used for every resource; and maximum number of ports is less than or equal to NP,max, where NP,max is FFS.
· The CSI-RS is periodically configured with periodicity P, and offset O, in terms of a first slot of a radio frame.
· Utilization of sub-time units can also be configured.
In order for the network to configure this information more efficiently on the PBCH, some restrictions on the configurability should be taken into place. 
Proposal 4: NR supports cell-specific configuration of CSI-RS for initial beam selection (P-1). The cell-specific CSI-RS may also be used for intra-cell TRP Tx beam switching (P-2), beam-level L3 mobility measurement, and time-frequency tracking.
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 can be configured as 1/X-th of the length of OFDM symbol in the default numerology, by means of X-times subcarrier scaling, where possible values of X are 1, 2 and 4.
Proposal 2: The B-CSI-RS configuration allows for per TRP/panel beam-state reporting.
Proposal 3: The UE can be indicated to measure, select and report for the ‘best’ beams per configured CSI-RS set/setting, received with the same UE Rx beam set.
Proposal 4: NR supports cell-specific configuration of CSI-RS for initial beam selection (P-1). The cell-specific CSI-RS may also be used for intra-cell TRP Tx beam switching (P-2), beam-level L3 mobility measurement, and time-frequency tracking.
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