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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 # 90bis, the following agreement was reached. 
Agreement:
The starting subcarrier of a CSI-RS component RE pattern
· For 1 port CSI-RS, there is no restriction
· For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)
· For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)

Agreement:
At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.
· FFS: Other OFDM symbols 

Agreement:
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 
When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)
FFS: Whether the value of X is same or different for beam management and CSI acquisition
FFS: The value of X may or may not be numerology-dependent

Agreement:
NR supports the following CSI-RS transmission periodicities 
{5, 10, 20, 40, 80, 160, 320, 640} slots
FFS: Restriction on periodicity as a function of subcarrier spacing

Even though most of the issues are decided, it is still not clear about the CSI-RS transmission outside the active bandwidth part. In this contribution, we provide our views on the CSI-RS transmission outside of the active bandwidth part.
Need for CSI-RS transmission Outside of the Active Bandwidth Part
From TS 38.211, NR standard supports up to 4 bandwidth parts in a component carrier. PDSCH and PUSCH transmissions takes place only on one active bandwidth part (BWP) at any given instance. However the network can change the active bandwidth part at any given instance as this is indicated in the downlink control information of 2 bits.  However, it is not clear, how the network can change the active BWP when the CSI-RS is transmitted only one BWP.   As a first step, we should have the flexibility to configure the CSI-RS transmissions outside the active BWP.  This will allow the network to receive CSI outside the active BWP and helps in deciding which BWP to choose in the DCI.  The multiplexing of CSI-RS outside the active BWP with other channels is discussed in next section. 
Therefore we have the following proposals:
Proposal 1: The network should be able to configure CSI-RS in any bandwidth part in addition to active bandwidth part 
CSI-RS and PDSCH Multiplexing Outside of the Active Bandwidth Part 
Note that, when the network configures the UE with multiple CSI-RS resources outside of the active bandwidth part, there are cases, when the outside of the active bandwidth part is scheduled for other UEs with a different numerology. Shown in Figure 3‑1 are some of the cases that we might encounter while supporting UE specific 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 2: 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
On the possible location of CSI-RS 
In RAN1#90b, it was agreed that 6, 7, 8, 9, 10, 11, 13, 14 OFDM symbol can be used for CSI-RS transmission. Similarly, the CSI-RS can be configured on RBs outside of the CORESET. Effectively, CSI-RS can be transmitted on OFDM symbol 1,2 and 3. The leftover OFDM symbols are 4, 5 and 12. The main motivation is that those symbols are likely to carry front-loaded DMRS as well as additional DMRS. However, it is impossible to completely avoid collision with DMRS symbols since there are non-slot based DMRS which can be anywhere. In another words, the collision handling (between CSI-RS and DMRS) mechanism is needed in the spec. With the above said, we propose to allow CSI-RS be configured on any OFDM symbols. 
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. 
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 3: CSI-RS can be configured on any OFDM symbol in a slot (from 1 to 14)
Proposal 4: NR should develop collision handling scheme at least between CSI-RS and DMRS. 

Conclusion
In this paper, we give our view on transmission of CSI-RS outside the active BWP, specifically, we have the following proposals:
Proposal 1: The network should be able to configure CSI-RS in any bandwidth part in addition to active bandwidth part 
Proposal 2: 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
Proposal 3: CSI-RS can be configured on any OFDM symbol in a slot (from 1 to 14)
Proposal 4: NR should develop collision handling scheme at least between CSI-RS and DMRS. 
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