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1 Introduction

In 3GPP RAN1#87, it has been agreed that NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion. RAN1 should further study the potential specification impact including but not limited to CSI-RS measurement. 

In the latest meeting, RAN1#88, the following agreement was reached on the CSI-RS design.
Agreements:
· The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns where

· A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain

· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z

· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 

· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns

· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain

· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth

· At least the following numbers of OFDM symbols for a CSI-RS resource are supported

· N = {1, 2, 4}

· FFS, other value(s) of N

· The N OFDM symbols can be adjacent/non-adjacent

· FFS, down-selection on adjacent/non-adjacent OFDM symbols

· OFDM symbol(s) can be configured to contain CSI-RS only

· FFS: the applicability of above proposals for beam management (e.g., for beam sweeping, for generation of sub-time units)

· FFS on the following aspects:

· Location of N OFDM symbols within a slot

· Replication of RE pattern across the N OFDM symbols

· Supported CDM values

· Exact port number assignment to CSI-RS RE pattern, considering at least CDM of ports and relationship of port numbers to dual polarized antenna elements

· Support for densities D > 1 RE/port/PRB

· Mapping of other physical channels and/or reference signals within the same OFDM symbol(s) as CSI-RS

However, above agreements are within the single numerology case. Regarding for mixed numerology, there are several points need to be clarified like if the numerology for data transmission is dynamically changed from the network perspective over a certain frequency range, what numerology should be used for CSI-RS transmission, and consequently, how to coordinate the transmission of CSI-RS and data. 
2 Discussion
2.1 CSI-RS numerology
In order to support dynamic resource sharing over multiple numerologies, the scheduler should have the channel state information over the shared resources with respect to UEs supporting different numerologies. There are two options of choosing the numerology for CSI-RS transmission. 

Option 1:
CSI-RS is always transmitted by single numerology
In this option, CSI-RS is transmitted with a single numerology over the mixed numerologies bandwidth for PDSCH. From UE perspective, the numerology for PDSCH and the numerology for CSI-RS can be different. 
One such example is given in Fig.1. In Fig.1, a single numerology of 15 kHz subcarrier spacing  (SCS) is used from network perspective. However, from UE perspective, it may require to process two numerologies if the numerologies of PDSCH and CSI-RS intended for the same UE within a slot are different. For example, it is assumed that 15kHz SCS is used for eMBB PDSCH, and 30kHz SCS for URLLC PDSCH. In this case, eMBB UE can detect or decode CSI-RS and PDSCH simultaneously with a single FFT engine, but URLLC UE with a single FFT engine may need to buffer the data first, and then perform CSI estimation and PDSCH decoding in serial, potentially causing extra delay for CSI report. But considering the total CSI reporting delay, we think the delay would be negligible.

Option 2: CSI-RS is transmitted with multiple numerologies
In this second option, CSI-RS is transmitted with multiple numerologies over the whole mixed numerologies bandwidth for PDSCH. UE can assume the same numerology for PDSCH and CSI-RS.
Fig.2 gives one example. In Fig.2, it is assumed that  CSI-RS is transmitted by both 15kHz SCS and 30kHz SCS. In such case, eMBB and URLLC UEs detect the CSI-RS with the same numerology of data. Therefore, UE is not required to handle different numerology between PDSCH and CSI-RS, however, the overhead of CSI-RS may increase from the network perspective because some CSI-RS cannot be shared by different UEs due to different numerologies used.
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Fig.1 Single numerology for CSI-RS transmission from network perspective
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Fig.2 multiple numerologies for CSI-RS transmission from network perspective
Note that in option 1, although a single numerology is used for all UEs to acquire the CSI, the density of CSI-RS can still be configured by UE-specific manner, as that in option 2.  
The following table summarizes the two options.

	
	Option1: CSI-RS is always transmitted by single numerology
	Option2: CSI-RS is transmitted with multiple numerologies

	UE perspective
	CSI-RS and UE’s own PDSCH can have different numerologies.
	CSI-RS and UE’s own PDSCH have the same numerology.

	UE processing
	UE requires to process two numerologies for PDSCH and CSI-RS at the same time if UE is scheduled to receive both PDSCH and CSI-RS  
	UE processing requirement is lower as UE needs to process only one numerology

	CSI-RS overhead
	lower
	higher

	CSI accuracy
	CSI accuracy may be affected because it is obtained by a different numerology than PDSCH intended to this UE
	No special consideration


In our view, the network should be allowed to configure multiple numerologies for CSI-RS. This can better match the UE process capability. Although example shows CSI-RS with two numerologies are sent in the same slot, CSI-RS of different numerologies can be sent in the different slot respectively in order to reduce CSI-RS overhead. Therefore, we have the following proposal:

Proposal 1: Network is allowed to transmit CSI-RS with multiple numerologies.
2.2 Coordination of CSI-RS and PDSCH transmission
As illustrated in Figs.1. and 2, at least for periodic and semi-persistent CSI-RS transmission, no matter what decision is made on the option1 and option2, there is always a possibility that CSI-RS and the underlying PDSCH being transmitted by different numerologies, where PDSCH could be intended for other UEs than the CSI reporting UE. This is because PDSCH with certain numerology can be dynamically scheduled per TTI over the shared resources, whereas periodic/semi-persistent CSI-RS resources are adapted on a slower time scale. Not allowing mixture of CSI-RS and PDSCH with different numerologies may largely restrict scheduling flexibility of used numerologies of PDSCH.  
In case that the numerologies of CSI-RS and the underlying PDSCH are different within an OFDM symbol, the inter-numerology interference is resulted because the subcarriers belonging to different numerologies are not orthogonal in general. The inter-numerology interference will adversely impacts
· the channel estimation quality due to the interference from PDSCH to CSI-RS, and

· the decoding of PDSCH due to the interference from CSI-RS to PDSCH.

In study item of NR, to have the possibility of guard between PRBs with different numerology of PDSCH was discussed, but the case discussed in this document is mixed numerology with subcarrier level. To reduce inter-numerology interference, one solution would be to have empty resource on the affected PDSCH transmission. The empty resource can be realized by rate matching or puncturing. Unfortunately, just to have empty resource over CSI-RS REs  cannot mitigate the inter-numerology interference because the CSI-RS subcarriers and PDSCH subcarriers are still interfering with each other due to lack of orthogonality. To have the empty resource by the rate matching has been studied by [1], and it has shown by simulation that just to have empty resource over only CSI-RS RE cannot improve CSI estimation performance compared to superimposing CSI-RS on PDSCH. According to [1], in order to be effective, the reserving the resource should be done at the symbol level, meaning that the whole PDSCH symbol where CSI-RS of a different numerology is transmitted over a small number of subcarriers, cannot be used for PDSCH mapping. This results in poor resource utilization. It is expected the method to have intermediate level of resource reservation can be helpful. 

We have the following proposal:

Proposal 2:RAN1 study the method to coordinate the transmission of data and CSI reference signal in the mixed numerologies. 
3 Conclusion

This document discusses the CSI acquisition to support dynamic resource sharing among multiple numerologies. We have the following proposal:

Proposal 1: Network is allowed to transmit CSI-RS with multiple numerologies.
Proposal 2:RAN1 study the method to coordinate the transmission of data and CSI reference signal in the mixed numerologies. 
4 References

[1]    R1-1702260     CSI-RS cancellation for mixed numerology operation, AT&T
5
1
3GPP


_1551809741.vsd
CSI-RS


CSI-RS


Guard band


PDSCH, 30kHz SCS


PDSCH 15kHz SCS


CSI-RS


CSI-RS


Guard band


PDSCH, 15kHz SCS


Mixed numerologies bandwidth


Slot i @15kHz SCS


PDSCH, 30kHz SCS


…...


Slot j @15kHz SCS



_1551867337.vsd
CSI-RS using 15kHz SCS


Guard band


PDSCH, 30kHz SCS


PDSCH 15kHz SCS


CSI-RS using 15kHz SCS


Guard band


PDSCH, 15kHz SCS


Mixed numerologies bandwidth


CSI-RS using 30kHz SCS


CSI-RS using 30kHz SCS


Slot i @15kHz SCS


PDSCH, 30kHz SCS


…...


Slot j @15kHz SCS



