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Introduction
In RAN1#89ah-NR2, the following agreements were made:
Agreements:
· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15 

Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”

Single-port CSI-RS Design
In the last meeting, the design for a 1-port CSI-RS pattern for beam management was agreed as an RE-level comb structure in which CDM is not used. Density > 1 RE/port/PRB as agreed, but the exact density values are FFS. As a starting point, values {1, 2, 3, 4, 6} should be considered. For a regular comb structure, the density is controlled by adjusting the comb spacing, sometimes referred to as the repetition factor (RPF). 
While it was agreed that the 1-port CSI-RS resource is contained in one OFDM symbol, the multiplexing of more than 1 resource in the same symbol was not discussed. Frequency division multiplexing (FDM) of 2 or more resources is relevant for beam management since beam sweeping may be performed simultaneously from 2 or more antenna panels/TRPs. Hence, it is efficient to consider FDM of resources to minimize sweep times.
Since the 1-port pattern consists of a regular comb structure, it is natural to FDM multiplex multiple resources simply by assigning different comb offsets to different resources. We consider such patterns for the case of 1, 2, and 4 FDM’d 1-port resources in Figure 1 for different density values D ≥ 1. Note that the density D is measured in terms of RE/port/PRB per resource. This is a generally accepted measure since this is what is important in terms of either RSRP measurement or channel estimation which is typically performed on a per resource basis.
The different colors (red, green, blue, and yellow) represent the REs of different CSI-RS resources. As can be seen, each color (resource) has the same RE-level comb pattern, i.e., same spacing; the only difference is that each color (resource) has a different comb offset. For example, for the case of 2 FDM’d resources with D = 2, the red resource has an offset of 0 and the green resource has offset of 3 REs. The per-port spacing for both resources is 12 / D = 6 REs. The RE spacing for the overall pattern of multiplexed resources is 12 / (N*D) = 3 where N = 2 is the number of FDM’d resources.
It is still an open question on what minimum density value D is required in order to support sufficient accuracy for RSRP measurement. In the last meeting, an LS was sent to RAN4 with the details of the 1- and 2-port CSI-RS designs. It was also suggested that additional density values beyond the ones discussed in RAN1 can be considered. In our view, density D = 1.5 in addition to {1, 2, 3, 4, 6} should be considered when multiple resources are FDM multiplexed. Patterns for density D = 1.5 are included in Figure 1.
Based on the above discussion, and the patterns shown in Figure 1, we propose the following for the 1-port CSI-RS design for beam management:
[bookmark: _Toc490239812][bookmark: _Toc490239875][bookmark: _Toc490239965]For 1-port CSI-RS for beam management, support FDM multiplexing of  N = {1,2,4} CSI-RS resources in the same OFDM symbol with D > 1 RE/port/PRB per resource. The RE pattern for each 1-port resource has an equal subcarrier spacing (comb spacing) of 12/D. Each resource is assigned a different comb offset such that the overall RE pattern of all interleaved resources has equal comb spacing of 12/(N*D) within and across PRBs within a BWP.
[bookmark: _Toc490229559][bookmark: _Toc490229608][bookmark: _Toc490229716][bookmark: _Toc490239813][bookmark: _Toc490239876][bookmark: _Toc490239966]Consider D = 1.5 RE/port/PRB per resource in addition to the values {1, 2, 3, 4, 6}.

[image: ]
[bookmark: _Ref490233207]Figure 1: Proposed 1-port CSI-RS patterns for various density values for the case of 1, 2, and 4 frequency division multiplexed CSI-RS resources. Density D is measured in terms of RE/port/PRB per resource. The different colors (red, green, blue, yellow) represent different CSI-RS resources. ‘0’ indicates the single port number used within each CSI-RS resource.
Two-Port CSI-RS Design
In the last meeting, the design for a 2-port CSI-RS pattern, at least for D = 1 was agreed. This is subject to D = 1 being supported, which depends on the RAN4 evaluation RSRP estimation accuracy for various density values. The pattern was agreed to be the same as the 2-port D = 1 pattern previously agreed for CSI acquisition.
While density D > 1 is agreed, the agreement for 2-ports (shown above) does not specify patterns for D > 1. Furthermore, multiplexing of more than 1 resource in the same OFDM symbol was not discussed. Multiplexing of resources for the 2-port design is relevant for exactly the same reasons as discussed above in the context of the single-port design, hence we consider it here.
There is still some question on whether D = 1 will be supported for beam management (for either 1 or 2-ports) due to RSRP accuracy concerns. Furthermore, no 2-port CSI-RS pattern for D > 1 currently exists, even for CSI acquisition. For these reasons, our view is that a natural path forward for 2-ports with D > 1 would be to reuse the 1-port RE-level comb patterns described in the previous section and to suitably modify the port numbering to account for having 2-ports per CSI-RS resource. In this way, a common design for beam management CSI-RS is achieved for both 1 and 2 ports, thus avoiding unnecessary configuration options.
Figure 2 below shows the proposed RE-level comb patterns for 2-ports for different density values D > 1 and with FDM multiplexing of 1, 2, and 4 CSI-RS resources. The D = 1 patterns based on the CSI acquisition CSI-RS are also shown for reference. Like before, FDM multiplexing of 1, 2 and 4 CSI-RS resources is considered.
Like for the single-port design, each port (0 or 1) within a resource has the same RE-level comb pattern, i.e., same spacing; the only difference is that different resources (represented by different colors) have different comb offsets. Furthermore, the ports within a resource have different comb offsets. Just like for the single-port design, the per-port spacing for a specific resource (color) is given by 12 / D for all patterns with D > 1. For example, for the case of 2 FDM’d resources with D = 1.5, the per-port spacing for the red resource is 12 / D = 8 REs.  
It is still an open question on what minimum density value D is required in order to support sufficient accuracy for RSRP measurement. In the last meeting, an LS was sent to RAN4 with the details of the 1- and 2-port CSI-RS designs. It was also suggested that additional density values beyond the ones discussed in RAN1 can be considered. In our view, density D = 1.5 in addition to {1, 2, 3, 4, 6} should be considered when multiple resources are FDM multiplexed. Patterns for density D = 1.5 are included in Figure 1.
Based on the above discussion, and the patterns shown in Figure 2, we propose the following for the 2-port CSI-RS design for beam management:
[bookmark: _Toc490239814][bookmark: _Toc490239877][bookmark: _Toc490239967]For 2-port CSI-RS for beam management, support FDM multiplexing of  N = {1,2,4} CSI-RS resources in the same OFDM symbol with D > 1 RE/port/PRB per resource. The RE pattern for both port-0  and port-1 of each resource has equal subcarrier spacing of 12/D. Different ports of different resoruces are assigned different comb offsets such that the overall RE pattern of all interleaved resources has equal comb spacing of 12/(2*N*D) within and across PRBs within a BWP. Note: the interleaving order is ports within a resource first, followed by ports from different resources.
Another aspect that was not explicitly captured in the 2-port agreement from last meeting is whether or not CDM is supported for the 2-port design. Since RSRP is estimated on a per-port basis, it does not make sense to code-division multiplex ports. Furthermore, since for beam sweeping purposes, CSI-RS is not multiplexed with other signals, the use of CDM is not required from a PA utilization perspective. Full PA utilization may be achieved without CDM without violating any power boosting limits.
[bookmark: _Toc490239878][bookmark: _Toc490239968]For 2-port CSI-RS for beam management, CDM is not supported.
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[bookmark: _Ref490237536]Figure 2: Proposed 2-port CSI-RS patterns for various density values for the case of 1, 2, and 4 frequency division multiplexed CSI-RS resources. Density D is measured in terms of RE/port/PRB per resource. The different colors (red, green, blue, yellow) represent different CSI-RS resources. ‘0’ and ‘1’ indicate the port numbers used within each CSI-RS resource.

Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	For 1-port CSI-RS for beam management, support FDM multiplexing of  N = {1,2,4} CSI-RS resources in the same OFDM symbol with D > 1 RE/port/PRB per resource. The RE pattern for each 1-port resource has an equal subcarrier spacing (comb spacing) of 12/D. Each resource is assigned a different comb offset such that the overall RE pattern of all interleaved resources has equal comb spacing of 12/(N*D) within and across PRBs within a BWP.
Proposal 2	Consider D = 1.5 RE/port/PRB per resource in addition to the values {1, 2, 3, 4, 6}.
Proposal 3	For 2-port CSI-RS for beam management, support FDM multiplexing of  N = {1,2,4} CSI-RS resources in the same OFDM symbol with D > 1 RE/port/PRB per resource. The RE pattern for both port-0  and port-1 of each resource has equal subcarrier spacing of 12/D. Different ports of different resoruces are assigned different comb offsets such that the overall RE pattern of all interleaved resources has equal comb spacing of 12/(2*N*D) within and across PRBs within a BWP. Note: the interleaving order is ports within a resource first, followed by ports from different resources.
Proposal 4	For 2-port CSI-RS for beam management, CDM is not supported.
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