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Introduction
In RAN1 Adhoc#2, the multiplexing between different RSs started. In this paper, we discuss our view on the channels carrying CSI report. 
Agreements:
· In NR, for a given BWP, support the case where CSI-RS for CSI acquisition and beam management is always transmitted with the same numerology as the PDSCH of the UE if PDSCH is present
· FFS the case when PDSCH is not present

On the resource allocation of CSI-RS
There are mainly two design thinking on the resource allocation of CSI-RS:
Option-1: From a UE perspective, CSI-RS is not multiplexed on all potential OFDM symbol(s) of a certain RS 
· Pros: No possible collision at all thus no need to handle collision in the spec
· Cons: Small number of OFDM symbols available for CSI-RS transmission. 
Option-2: From a UE perspective, CSI-RS can be multiplexed on some potential OFDM symbol(s) of a certain RS. E.g. only some of the DMRS symbols can be multiplexed with CSI-RS. 
· Pros: Reduced possibility of collision (less spec effort in handling collision)
· Cons: More OFDM symbols are available for CSI-RS (enough?)
Option-3: From a UE perspective, CSI-RS can be multiplexed on all potential OFDM symbol(s) of a certain RS. 
· Cons: More OFDM symbols are available for CSI-RS.  
· Pros: Standardization effort to handle collision between CSI-RS and some other RS. 

Even on the current well developed LTE network, system load is not always very high. And NR system load is expected to be lower during the initial deployment phase. For mmWave deployment, the effective system load might be even lower due to large system bandwidth.  Under such low system load, a lot of radio resource are actual empty. The gain of multiplexing CSI-RS on potential DMRS symbol is high. While you may argue that under such low load, the demand of CSI-RS is also low. However, the system may choose to increase the CSI-RS transmission to get more accurate CSI feedback. 
[bookmark: _GoBack]If the multiplexing between CSI-RS and DMRS are supported, collision handling is needed. And then it’s straight forward to extend the same principle to other RSs. Similar to CSI-RS, SRS also has the issue on how to multiplex with other RSs or channel. Therefore we have the following proposals:
Proposal 1: From a UE perspective, CSI-RS can be multiplexed on all potential OFDM symbol(s) of other RSs and channel, including (SS-blocks, PTRS, TRS, and DMRS)
Proposal 2: From a UE perspective, SRS can be multiplexed on all potential OFDM symbol(s) of other RSs and channel, including (Uplink PTRS, Uplink DMRS)
Proposal 3: Further study the collision handling rules, starting point is to drop CSI-RS and SRS when collision happens 
CSI-RS and PDSCH Multiplexing in Mixed Numerology Scenarios
Shown in Figure 3‑1 are some of the cases that we might encounter while supporting UE specific wideband CSI-RS in a mixed numerology scenario. We see from these figures that we will always have the case where the CSI-RS numerology and the underlying PDSCH numerology are different (note that the PDSCH and CSI-RS belong to two different UEs).
As mentioned before for a mixed numerology case the REs between the separate numerology are inherently non orthogonal so we propose having two kind of RE sharing mechanism between the CSI-RS and the underlying PDSCH
· Case 1: The underlying PDSCH is rate matched around the CSI-RS. 
· Case 2: The underlying PDSCH us not rate matched around the CSI-RS. 
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[bookmark: _Ref465887384]Figure 3‑1 PDSCH and CSI-RS RE Mapping for 15KHz CSI-RS (left) and 60KHz CSI-RS (right)
Case 1: CSI-RS Resource Mapping for Case 1 (PDSCH Rate Matched)
In this case, the PDSCH is rate matched around the CSI-RS resources. For example, consider the scenario of 15 and 60 KHZ mixing.   So if the CSI-RS was transmitted with a 60 KHz subcarrier spacing and with say 2x2 resource elements (2 subcarriers and 2 symbols). Then for the PDSCH transmission belonging to 15 KHz subcarrier spacing, we need to rate match around 8 subcarriers and ½ a symbol. Similarly if the CSI-RS was being transmitted 15 KHz sub carrier spacing with 2x2 resource element (2 subcarrier and 2 symbols) then for a  PDSCH transmission of 60 KHZ spacing, we need to rate match around ½ subcarrier and 8 OFDM symbols. Clearly ½ symbol or ½ subcarrier rate matching is not possible so this means that in a mix numerology the rate matching can be in-efficient. Also this design is not forward compatible since it a new numerology is introduced in the future the legacy devices will not be able to rate match around this unknown numerology.
Case 2: CSI-RS Resource Mapping for Case 2 (PDSCH not rate matched and super-imposed with CSI-RS)
In this case, the PDSCH is not rate matched. Hence, the PDSCH is transmitted is multiplexed by super-imposing it with the CSI-RS of the other numerology. As an example consider the scenario of 15 and 60 KHZ mixing.  Say 2x2 resource elements are allocated for CSI-RS transmission. Then for the PDSCH transmission for 65 KHz sub carrier spacing, we can multiplex 4*(60/15) = 16 resource elements.  Hence we can expect significant gain when we go for higher numerology with the proposed scheme. Note that the above scheme assumes that the underlying receiver will cancel the CSI-RS interference due to 15 KHz spacing carrier.  
Proposal 4: The standard should allow the following RE sharing mechanisms
· PDSCH rate matching around CSI-RS of the other numerology
· Superimpose PDSCH of one numerology with CSI-RS of the other numerology

Conclusion
In this paper, we give our view on the multiplexing of RSs, specifically, we have the following proposals:
Proposal 1: From a UE perspective, CSI-RS can be multiplexed on all potential OFDM symbol(s) of other RSs and channel, including (SS-blocks, PTRS, TRS, and DMRS)
Proposal 2: From a UE perspective, SRS can be multiplexed on all potential OFDM symbol(s) of other RSs and channel, including (Uplink PTRS, Uplink DMRS)
Proposal 3: Further study the collision handling rules, starting point is to drop CSI-RS and SRS when collision happens 
Proposal 4: The standard should allow the following RE sharing mechanisms
· PDSCH rate matching around CSI-RS of the other numerology
· Superimpose PDSCH of one numerology with CSI-RS of the other numerology
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