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Introduction
In NRAH3, WF [1] summarized the remaining issues of CSI-RS. The opening issues comprise mainly three aspects: the allowed location of CSI-RS in frequency domain and time domain, the multiplexing with other signals/channels, and the CSI-RS port configuration/numbering. In this contribution, we discuss those remaining issues.
Discussion 
CSI-RS locations
Frequency location
For the CSI-RS location in the frequency domain, it was agreed to down-select among the following options:
· Opt 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, i.e. {0th, 2nd, 4th, 6th, 8th, 10th} subcarrier in the given PRB;
· Opt 2: The starting subcarrier of a CSI-RS component RE pattern is not constrained, i.e. {0th, 1st, 2nd, 3rd,  4th, 5th, 6th, 7th, 8th, 9th, 10th, 11th} subcarrier in the given PRB.
· FFS, additional constraints, e.g. considering size of the component RE pattern
It is obvious that opt 2 offers higher flexibility than opt 1. However, since the component RE patterns (2,1), (2,2) and (4,1) spans even adjacent REs in frequency domain, the actual benefit obtained from the flexibility offered by opt 2 is unclear. The essential difference between opt 1 and opt 2 is whether allowing two component RE patterns separated by odd number of subcarriers. The most possible use case is the multiplexing of CSI-RS and PTRS: one PTRS between two CSI-RS component patterns. In that case, if opt 1 is adopted, there would be at least another single subcarrier left in between the two component patterns. Such single subcarrier can be used for PDSCH. Hence, it seems that all the functionality of opt 2 can be achieved by opt 1, and we propose
Proposal 1: The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, i.e. {0th, 2nd, 4th, 6th, 8th, 10th} subcarrier in the given PRB.
CSI-RS OFDM symbol location
In the last meeting, OFDM symbols that will not be configured with DMRS were agreed as candidate set for CSI-RS. Specifically,
· At least {6th,7th, 13th, 14th} OFDM symbol in a slot structure can be configured for CSI-RS transmission
· Note: The dependency of CSI reporting timing on the CSI-RS OFDM symbol locations will be discussed separately
· FFS: additional OFDM symbol locations
The above locations avoid collision with DMRS symbols, but not suffice to achieve full NR functionalities. One important object is to support fast CSI reporting. Given CSI-RS transmission on the 6th symbol, UE does not have enough time to do CSI processing so as to report CSI in the same slot. Hence, CSI-RS in early part of a time interval is critical to support fast CSI reporting, especially for below 6GHz.  Since there will be at least two symbols for control region and at least one symbol for front-loaded DMRS, the 4th and 5th symbols can be configured for CSI-RS transmission. Another object is to support CDM8 (FD2-TD4) pattern. Since TD4 in CDM8 requires four consecutive symbols, symbols {6th, 7th, 13th, 14th} cannot support CDM8. Then, including the 4th and 5th symbols solves the problem. Therefore, we propose
Proposal 2: NR should include {4th , 5th} OFDM symbols in a slot structure for CSI-RS transmission, in addition to {6th, 7th, 13th, 14th} symbols..
Multiplexing with other signals
Multiplexing with DMRS
A CSI-RS resource may span N=1, N=2, or N=4 OFDM symbols. In the previous meeting it was agreed that at least for CSI acquisition, when N=2, these are consecutives. For N=4 it is still FFS whether these are consecutives are there can be non-consecutive in the time domain. When it comes the issue of multiplexing of DM-RS and CSIRS, at least the following considerations need to be taken into account. 
Based on the agreement on DM-RS in RAN1#AH2, two configurations were agreed for the front-load DM-RS: one that uses an IFDMA structure, and one that uses a 2-FD-OCC structure. In both cases, a complete OFDM symbol to be configured (12 REs/symbol), in which case FDMing DM-RS with CSIRS is not possible, and TDMing of RSs is the most appropriate solution. Actually, one may argue that, depending on the number of transmitter ports, it is likely that some subcarriers may remain unused, which could then be used for CSI-RS. However, we think that this is a corner case of relatively low interest and an attempt to over-optimize the design will only complicate the implementation without clear gains at this stage. What is more, in DM-RS configuration 1, we propose a UE to be assigned the subsets of ports that are non-CDMed in frequency, which means that for a rank 4 SU-MIMO transmission or MU-MIMO to two users with rank 2 layers for each, all the resource elements will be used. Therefore, it is likely that scenarios with unused subcarriers in the OFDM symbol carrying DM-RS are rather limited. Furthermore, in mmWave scenarios, the analog beam of DM-RS and CSI-RS may be different, in which case FDMing should be avoided. Based on these considerations we propose the following:
Proposal 3: From UE perspective, Rel-15 supports only TDMing of DM-RS and CSI-RS.
Multiplexing with SS block
In the last meeting, there was discussion on whether multiplex CSI-RS on the SS block OFDM symbols. Different considerations are needed to be taken into account when it comes to CSI-RS and SS-block multiplexing, depending on the CSI-RS resource type and whether this is for a single-beam or multi-beam system.
· CSI-RS resource for CSI acquisition: For a multi-beam system (mmW), the beam is very likely to be different between a CSIRS and SS-block, and therefore this feature will be rarely used. Also, for a single-beam system (sub6), based on current agreements, a partial-band CSI-RS resource is as wide as a BWP, which then means that, CSI-RS puncturing would need to happen when FDMing is configured, resulting in CSF performance loss. If further agreements are made which allow partial-band CSIRS to be transmitted with smaller BW, such that CSI-RS puncturing is avoided, it still needs to be ensured that the minimum CSI-RS BW is large enough so that the UE receives enough RS to enable a reasonably robust channel state acquisition procedure.
· CSI-RS resource for beam management: If CSI-RS is multiplexed on an SS-block, the transmit power of the SS-block symbol is reduced and therefore either cell coverage shrinks or during initial access the UE has to make up the RSRP loss by incoherent combining over several SS blocks, which increases both, access latency and UE power consumption.
· CSI-RS resource for L3 mobility: FDMing of SS-block and CSI-RS would need to be contained within UE minimum BW, otherwise, UE can’t detect new cell (through SS-block) and track other cells (through CSI-RS) simultaneously. This would mean that for the UEs with small minimum BW, CSI-RS and SS-block are transmitted with approximately the same BW, and therefore there is no clear advantage on using CSI-RS and SS-block FDMing. Furthermore, simultaneous processing of detecting new cells through SS-block and tracking existing cells through CSI-RS might result to a significant burden on the UE side. What is more, such FDMing may result to loss of power to SS-blocks and loss of PAPR advantage at least for PSS. Finally, periodicity of SS and CSI-RS for L3 mobility can be different in many scenarios, so the usefulness of supporting FDMing is reduced.
Based on the above we propose the following:
Proposal 4: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s).
Multiplexing with CORESET
Besides, for the multiplexing of CSI-RS on the REs that are in the same OFDM symbol of configured CORESET but outside of the CORESET, it was agreed to down-select between
· Option 2-1: NZP CSI-RS can be multiplexed
· FFS: Whether or not a UE needs to be aware of the CORESET of another UE, e.g., through configuration of a ZP-CSI-RS
· FFS: Whether or not PBCH is affected for common CORESET configuration, e.g., through a configuration of ZP-CSI-RS
· Option 2-2: NZP CSI-RS is not multiplexed
In our view, it is essential to transmit CSI-RS in the control regions, when there is very limited DL resources. Specifically, for UL-centric slots, CSI-RS can be transmitted in symbol 1 if only 1 OFDM symbol is needed for DL control, as shown in Figure 1.  Such front-loaded CSI-RS can leave more time for CSI computation which may allow CQI only feedback in the same slot.  Note that the CSI computation time is proportional to the number of CSI processes, e.g., the number of CSI-RS resources a UE need to monitor, the number of component carriers, the number of CSI reporting, etc.  
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Figure 1:  Front-loaded CSI-RS in a UL centric slot.
When the CSI-RS is transmitted in the same OFDM symbol configured CORESET but outside the CORESET, the bandwidth of CSI-RS should be large enough to provide a solid channel measurement performance. Besides, it can only be supported in a single beam system for above 6GHz, where the CSI-RS should be transmitted using the same beam of the CORESET configured for other UEs.  
Based on the above discussion, we propose
Proposal 5: From a UE perspective, for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, NZP CSI-RS can be multiplexed, if the CSI-RS transmission bandwidth is large enough and the CORESET uses the same beam as the CSI-RS for above 6GHz.
Note that the UE does not need to be aware of the CORESET of other UEs. The multiplexing decision is made by the network and the network simply indicates the UE the resources for CSI-RS transmission.
Port configuration and numbering
In the last meeting, there was one WF on the CSI-RS port configuration:
· Down-select among the following two options
· Alt 1: The number of antenna port configured for the UE for NZP CSI-RS resource (P) is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE).
· Alt 2: The number of antenna port configured for the UE for NZP CSI-RS resource (P) can be more than or equal from the antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 <= P.
· FFS on indication of the antenna ports subset for the channel measurements for CSI feedback.
In NR, the number of antenna ports configured for CSI acquisition and reporting depends on the UE capability, e.g., UE1 supports 16 ports while UE2 may support 32 ports. To save resources used for CSI-RS transmission, network may allow UEs to share CSI-RS ports. With Alt 1, the network may configure one 16 ports resource for UE1 while configure one 32 ports for UE 2, and the two resources overlap, where the resources for UE 1 is the same as part of the resource for UE2. With Alt 2, the network may configure only one resource for UE 1 and UE 2, and indicate the respective antenna ports subset to the corresponding UE. 
Obviously, Alt 1 only requires high layer signaling to indicate UE about the resource configuration, while Alt 2 needs additional signaling to indicate the antenna port subsets used for channel measurement/interference measurement. The additional signaling lead to complicated configuration mechanism, and requires extra computations from UE side to select N1*N2*2 ports out of P ports. Given the fact that any port sharing configuration can be signaled via Alt 1, we propose
Proposal 6: The number of antenna port configured for the UE for NZP CSI-RS resource (P is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE).
Another WF in the last meeting lies in how to assign CSI-RS port number to CDM groups. We propose
Proposal 7: assign CSI-RS port number within CDM groups, then across CDM group. The order of CDM groups is across time first, then the frequency.
It was agreed in the #90 that non-QCLed ports in one CSI-RS resource is supported. However, it is preferred that the CSI-RS ports in one CDM group should be QCLed. This is because the UE algorithm is more complicated in order to get good performance since the UE cannot assume that long term statistics are the same across CDMed ports. Hence, we propose
Proposal 8: From UE perspective, CDM-ed ports in a CSI-RS resource are always QCLed.
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To summarize, we discussed some open issues of CSI-RS for CSI acquisition.  We propose
Proposal 1: 	The starting subcarrier of a CSI-RS component RE pattern is constrained to be one among even subcarriers, i.e. {0th, 2nd, 4th, 6th, 8th, 10th} subcarrier in the given PRB.
Proposal 2: 	NR should include {4th, 5th} OFDM symbols in a slot structure for CSI-RS transmission, in addition to {6th, 7th, 13th, 14th} symbols.
Proposal 3:	From UE perspective, Rel-15 supports only TDMing of DM-RS and CSI-RS.
Proposal 4: 	From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s).
Proposal 5: 	From a UE perspective, for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, NZP CSI-RS can be multiplexed, if the CSI-RS transmission bandwidth is large enough and the CORESET uses the same beam as the CSI-RS for above 6GHz.
Proposal 6: 	The number of antenna port configured for the UE for NZP CSI-RS resource (P is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE).
Proposal 7: 	Assign CSI-RS port number within CDM groups, then across CDM group. The order of CDM groups is across time first, then the frequency.
Proposal 8: 	From UE perspective, CDM-ed ports in a CSI-RS resource are always QCLed.
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