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	Agreements:
· Support mapping CSI-RS sequence to the resource grid at RE-level granularity
· Same sequence for all CSI-RS ports on one symbol within a CSI-RS resource
Agreement:
Length-31 Gold sequence is used for CSI-RS
· Same polynomial as in LTE
· QPSK sequence modulation is used
· N_c and c_init are to be discussed separately
Agreement
	CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource
FFS: how to configure CSI-RS in different slots for fine time/frequency tracking
	Starting subcarrier:
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)
Symbol location:
{0,1,2,3,4,5,6,7,8,9,10,11,12,13}, where 2 is supported only when DL-DMRS-typeA-pos equals 3
· UE is not expected to receive CSI-RS and DMRS on overlapping REs
· Only uniform RE pattern across all symbols for CSI-RS resource is supported

	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	Agreed CDM types for different X and N
{No CDM} for X = 1 and N = 1
{FD-CDM2} for X = 2 and N = 1
{FD-CDM2} for X = 4 and N = 1
{FD-CDM2} for X = 8 and N = 1
{FD-CDM2, CDM4 (FD2,TD2)} for X = 8 and N = 2
{FD-CDM2} for X = 12 and N = 1
{CDM4 (FD2,TD2)} for X = 12 and N = 2
{FD-CDM2, CDM4 (FD2,TD2)} for X = 16 and N = 2
{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 24 and N = 4
{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 32 and N = 4

	CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band CSI-RS
	Combined indication methods from [90b-NR-19]
Starting RB index and number of spanned RBs in the units of 4
· Minimum CSI-RS BW is min(24RBs, BWP for data) 

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE
Note: This parameter is optional
	New parameter
2 bits in the range of [-3, 6] with step size of 3dB

	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	A list of NZP-CSI-RS resource mapping(s) by explicit configuration of time and frequency domain information


	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic ZP-CSI-RS
	Same as NZP-CSI-RS 


	ZP-CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS
	Same as NZP-CSI-RS

	Aperiodic-ZP-CSI-RS-Resource-List
	Contains list of ZP-CSI-RS resource IDs for aperiodic triggering
	

	CC-Info
	Indication of which CC the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource configuration or in a CC configuration (up to editor)
	How to capture this in the specification is up to the editor. 
This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.

	BWP-Info
	Indication of which BWP the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource setting configuration
	How to capture this in the specification is up to the editor. 
This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.





In this contribution, we discuss the remaining details of NR CSI-RS.
Sequence design for CSI-RS
Sequence generation
It has been agreed in [1] that per RE mapping of CSI-RS sequence is supported for lower cross-correlation and better channel estimation performance. According to the agreement, the length of modulated Gold sequence per PRB per OFDM symbol should be larger than one. For a given port, different sequence elements will be allocated to different CSI-RS REs within a CDM group. For the length of local CSI-RS sequence, another two remaining aspects should be studied. 
As agreed in the previous meetings, the reference signal sequence derivation for CSI-RS should be based on QPSK sequence 





where c(i) is a length-31 Gold sequence (same as LTE). However, the length of local CSI-RS sequence  has not been decided yet. As for the length, the number  of sequence elements per PRB per symbol and generation reference bandwidth  should be clarified first.



On one hand, NR has to decide whether the sequence for each port is generated according to the actual number of frequency REs that are occupied by the CSI-RS port, or simply generated based on the number of subcarriers per PRB (i.e., 12) within each PRB. For the former, the configurable port density  and CDM type in frequency domain (except X=1) should be considered when generating sequence. For example,  is assumed to be 2 for a resource with X=2,  and FD-CDM2. This kinds of generation maintains a relative lower correlation but with relatively higher complexity since sequence needs updating constantly according to the RRC configuration. As for the later, 12 different sequence elements will always be generated for each PRB. Considering lower correlation results from the integrity of sequence, we prefer the former one.
Proposal 1: CSI-RS sequence should be generated according to the number of REs actually being occupied, depending on port density and CDM type.
On the other hand, NR needs to decide on whether the CSI-RS sequence shall be resource-specific or depend on the UE bandwidth, which could refer to scheduling bandwidth and/or to certain UE operating bandwidth. Moreover, if resource-specific CSI-RS is adopted, the details of resource-specific should also be clarified. For example, the CSI-RS sequence can be assumed resource-specific w.r.t. to a wideband CC as in LTE, it can also be assumed resource-specific w.r.t. to a BWP or even CSI-RS scheduling bandwidth. For possible advanced interference cancellation, we propose to generate a longer PN sequence.
Proposal 2: CSI-RS sequence in NR is resource specific w.r.t. the wideband CC from network perspective.
To be specific, if the sequence is generated according to the actual number of frequency REs that are occupied by the CSI-RS port, CSI-RS local sequence should be generated as follows. 




Where  denotes available PRB numbers within a wideband CC, X indicates port number and  denotes port density given by higher layer signaling.
CSI-RS mapping to RE
When the sequence is generated according to the actual port density, sequence elements will be mapped to frequency REs in order, that is,




Where X indicates port number and  denotes port density given by higher layer signaling. Whether m equals depends on the 1-bit indicating either odd or even RBs are occupied.
CSI-RS configuration for fine T/F tracking
It has been agreed that the functionality of fine T/F tracking is provided by proper configuration of CSI-RS. Our detailed design for CSI-RS for fine T/F tracking can be found in a companion contribution [2]. Here we only discuss the configuration of CSI-RS for T/F tracking. 
As agreed, TRS can be configured in one slot or two consecutive slots, which depends on frequency range. For one-slot case, two 1-port CSI-RS resources can be configured with the same period and slot offset, while four 1-port CSI-RS resources with same period but different/adjoining slot offsets should be configured for the two-slot case. 
CSI-RS resource mapping and indication
It has been agreed that the RE pattern for X > 4, CSI-RS resources can be formed using one or multiple component RE patterns. One challenge is to indicate the locations of component patterns. For frequency domain, a bitmap has been supported for frequency locations indication in NR. For example, NR will use a 12/Y-bit bitmap for component pattern (Y, Z). For time indication, maximum two integers range from 0 to 13 can be adopted for the indication of first symbol location of each component since components of CSI-RS resource can be mapped in a distributed manner. The number of integers depends on whether the configured CSI-RS resource is mapped on adjacent symbols or not.
Proposal 3: Maximum two integers ranging from 0 to 13 are adopted for the indication of time-domain locations of CSI-RS components.
Besides, some additional considerations may be required with the above frequency/time indication schemes. That is because some components cannot be distinguished with the current indication framework. Taking the indications of two components (Row 7/8 of Table 7.4.1.5.2-1 in 38211) for X=8 as an example, both (2, 1) and (2, 2) can be used for the 8-port resource. Since the indications for the two resources including the same density, same CDM type, same port number and same frequency/time indication type, they can’t differentiated if no further restriction is made. To avoid introducing new signaling, we propose to indicate the component pattern configuration using the existing fields. For example, considering the 6-bit bitmap for frequency location indication, if there are 4 “1”s in the bitmap, (2, 1) is assumed to be used, while (2, 2) is adopted when there are 3 ”1”s.
Proposal 4: Specify signalling or rules for distinguishing CSI-RS components with the same density, CDM type, and port number.
CSI-RS configurations for beam management
In last meeting, a configurable triggering offset is defined for aperiodic CSI-RS transmission at a resource set basis in the unit of slot, and the case for triggering multiple CSI-RS resource sets is left for further study. 
One important motivation for above case discussion comes from the need of beam sweeping. As single-symbol CSI-RS resources has been agreed in meeting #90 [3], the NW should consider how many OFDM symbols are available for beam sweeping (CSI-RS resources) within a slot. Firstly, the first 2-3 PDCCH symbols cannot deploy beam sweeping resources. Secondly, the several symbols after PDCCH reception may be not suitable for beam sweeping due to the decoding latency. Thus, a maximum of [6-8] symbols per slot for beam sweeping can be considered as a starting point. Besides, if data transmission or UL grant is still allowed with higher priority, the available beam-sweeping-symbols per slot can be further limited. 
In the already agreed CSI framework, the CSI-RS transmission is triggered at resource set level, where the associated aperiodic CSI-RS resources can only be transmitted in one slot. Therefore, to guarantee a quick beam training, the NW may need to trigger the multiple resource sets or trigger one resource set several times. In this case, several aperiodic CSI reporting are jointly triggered as well. 
To avoid the complexity as well as the waste of signaling overhead and unnecessary UL grants (for CSI reporting), the NW should be allowed to trigger multiple aperiodic CSI-RS resource sets by one trigger point, and each CSI-RS resource set is configured with different triggering offset. 
Proposal 5: Support associating multiple aperiodic CSI-RS resource sets with different time offsets to a single trigger state.
Furthermore, when performing beam sweeping for a particular UE, aperiodic CSI-RS bandwidth can be limited to the bandwidth of PDSCH scheduled for that UE in order to reduce the signaling overhead for rate matching by other UEs. This choice of aperiodic CSI-RS frequency band not only simplifies the signaling, but also allows to obtain more accurate CSI for a subband of interest. In order to realize this, the gNB trims the CSI-RS outside the PDSCH band. This can apply to both contiguous and non-contiguous PDSCH frequency band. Indication of trimming the CSI-RS frequency band can be included in the CSI-RS configuration or in the triggering signaling.
Proposal 6: Support trimming UE-specific aperiodic CSI-RS outside the scheduled PDSCH.

Summary of proposals
The proposals in this paper are summarized as follows. 
Proposal 1: CSI-RS sequence should be generated according to the number of REs actually being occupied, depending on port density and CDM type.
Proposal 2: CSI-RS sequence in NR is resource specific w.r.t. the wideband CC from network perspective.
Proposal 3: Maximum two integers ranging from 0 to 13 are adopted for the indication of time-domain locations of CSI-RS components.
Proposal 4: Specify signalling or rules for distinguishing CSI-RS components with the same density, CDM type, and port number.
Proposal 5: Support associating multiple aperiodic CSI-RS resource sets with different time offsets to a single trigger state.
Proposal 6: Support trimming UE-specific aperiodic CSI-RS outside the scheduled PDSCH.
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