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Introduction
In this contribution, we raise some issues related to CSI-RS and propose solutions to resolve these confusing issues.
Discussion
CSI-RS sequence to resource mapping
In the last meeting, it was agreed to use the following equations to express the CSI-RS sequence to resource mapping for density 1 and 3.

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
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under the condition that the resource elements indexed by are within the resource blocks occupied by the CSI-RS for which the UE is configured. The reference point for  is subcarrier 0 in common resource block 0. The value of  is given by the higher-layer parameter CSI-RS-Density.
For density 1/2, there are two issues to be resolved. First, it should be explicitly specified that whether even RBs or odd RBs are used, i.e., , or . Second, since density ½ is supported for a large number of patterns in table 7.4.1.5.2-1 of spec 211, it is preferred to support resource sharing between density ½ and density 1 so as to reduce the overhead. In words, the same sequences should be mapped to a certain subcarrier no matter the density is ½ or 1.
More specifically, for instance, in the 2nd row, the current working assumption yields  when  and  when . This means that sequence index 0 and 1 are mapped to RB 0 and 2, respectively; while sequence index 0, 1 and 2 are mapped to RB 0, 1 and 2, respectively. Clear, RB2 is mapped with different sequence for density 1 and ½. However, it is preferred to have sequence index 0, 2, 4 mapped to RB 0, 2, 4, respectively. The same rule should apply to the case X > 1 with  and .
Based on the above discussion, we propose
Proposal 1: The equations used for sequence to resource mapping should consider whether even or odd RBs are used when density .
Proposal 2: The equations used for sequence to resource mapping should consider applying same sequence(s) to a certain RB for density 1 and density 1/2 of each row of Table 7.4.1.5.2-1 when applicable.
/******************************************** text proposal *******************************************/
(TS38.211) 7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
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/***************************************** End of Text proposal ***************************************/

CSI-RS port numbering within a CDM group
In the current spec, TS38.211, Section 7.4.1.5.3, page 68, the port numbering is described as following:
[bookmark: _Hlk500920575]“The UE shall assume that a CSI-RS is transmitted using antenna ports numbered across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000.”
However, in #90bis meeting, it was agreed that 
“Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first”.
Comparing to the above agreement, the current spec has two issues. The first issue is that assigning CSI-RS port index within a CDM group first is missing. The second issue is how to assign the cover code to the ports within one CDM group. From table 7.4.1.5.2-2 to 7.4.1.5.2-5, we can see that the cover code is dependent on the parameters k’ (frequency domain) and l’ (time domain). The key solution is to relate the parameters k’ and l’ to the port index p. There are two ways to assign the cover codes: 1) frequency first, then time, and 2) time first, then frequency. The first option is preferred because it allows same mapping rule for all CDM types.
Proposal 3: Port numbering within CDM group first should be captured in the TS38.211.
Proposal 4: Port index p should be mapped with the cover code index k’ and l’, and it is preferred mapping along frequency domain first, then time domain.
To achieve the above two proposal, we introduce an equation for antenna port index 

Where  is the starting antenna port index for each CDM group, and  is the length of the cover code along frequency domain, i.e., the number of possible values of . Moreover, the association of  between CDM groups should be included in Table The detailed text proposals are included in Table 7.4.1.5.2-1. Therefore, we propose the following text changes.
/******************************************** text proposal *******************************************/
(TS38.211) 7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
…

The values of  and its association with  are provided in Table 7.4.1.5.2-1. For the 1st row and 2nd row Table 7.4.1.5.2-1, ; for the rest rows of Table 7.4.1.5.2-1, .
Table 7.4.1.5.2-1: CSI-RS locations within a slot.
	Row
	Ports
	
Density 
	CDMtype
	

	
	

	


	1
	1
	3
	No CDM
	


, , 
	0, 0, 0
	0
	0

	2
	1
	1, 0.5
	No CDM
	

	0
	0
	0

	3
	2
	1, 0.5
	FD-CDM2
	

	0
	0, 1
	0

	4
	4
	1
	FD-CDM2
	

	0, 2
	0, 1
	0

	5
	4
	1
	FD-CDM2
	

,
	0, 2
	0, 1
	0

	7
	8
	1
	FD-CDM2
	

	0, 2, 4, 6
	0, 1
	0

	8
	8
	1
	FD-CDM2
	

	0, 2, 4, 6
	0, 1
	0

	9
	8
	1
	CDM4 (FD2,TD2)
	

	0, 4
	0, 1
	0, 1

	10
	12
	1
	FD-CDM2
	

	0, 2, 4, 6, 8, 10
	0, 1
	0

	11
	12
	1
	CDM4 (FD2,TD2)
	

	0, 4, 8
	0, 1
	0, 1

	12
	16
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14
	0, 1
	0

	13
	16
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12
	0, 1
	0, 1

	14
	24
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22
	0, 1
	0

	15
	24
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12, 16, 20
	0, 1
	0, 1

	16
	24
	1, 0.5
	CDM8 (FD2,TD4)
	

	0, 8, 16
	0, 1
	0, 1, 2, 3

	17
	32
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30
	0, 1
	0

	18
	32
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12, 16, 20, 24, 28
	0, 1
	0, 1

	19
	32
	1, 0.5
	CDM8 (FD2,TD4)
	

	0, 8, 16, 24
	0,1
	0,1, 2, 3



/***************************************** End of Text proposal ***************************************/
CSI-RS resource set
The max number of CSI resources sets per resource setting (S), and CSI resources per resource set (K_S) for CSI application is still not defined. The above values where agreed for BM in the last meeting as S = 16 and K_s = 64. With a given condition that total number of CSI-RS resources should not exceed 128, It is preferred if all the CSI resources in a resource set have same parameters except for frequency/time locations and RE patterns, otherwise it will imply high memory requirements for storing bitmaps. Therefore, we propose
Proposal 5: The UE expects that all the CSI resources of a resource set are configured with same parameters except for the frequency/time locations and RE patterns.
/******************************************** text proposal *******************************************/
5.2.1.2	Resource settings (TS 38.214)
Each Resource Setting ResourceConfig contains a configuration of S≥1 CSI-RS Resource Sets (higher layer parameter ResourceSetConfig), with each Resource Set consisting of CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList and CSI-IM-ResourceConfigList) and SS/PBCH Block resources used for L1-RSRP computation (higher layer parameter resource-config-SS-list). All the CSI-RS resources of a resource set are configured with the same frequency domain offset, same starting RB and number of RBs, number of ports, density, CDM-type as given in Subclause 7.4.1.5 of TS38.211. Each Resource setting is located in the BWP identified by the higher layer parameter BWP-info, and all linked Resource Settings of a CSI Report Setting have the same BWP.
/***************************************** End of Text proposal ***************************************/
QCL issues
It was agreed in the #90 that non-QCLed ports in one CSI-RS resource is supported. However, current QCL framework described in Section 5.1.5 of TS38.214 does not support more than 1 QCL group per CSI-RS resource. In our opinion, there is no need to change the current framework, because this is a solid baseline. Bsides, having too many tracking loops for the different QCL assumptions would increase the processing complexity and lower the efficiency in channel estimation and CSI calculation, thus cannot match the CSI report timing configured by the network. From this aspects, the max number of non-QCL groups should be limited, and the CSI-RS ports in one CDM should be QCLed. Modification to the framework in order to support more than 1 QCL group can be revisited in Rel-16. Therefore, we propose
Proposal 6: Current QCL framework doesn't support more than 1 QCL group per CSI-RS resource.  No need to change the framework.  More than 1 QCL group per resource can be revisited in Rel-16.
Conclusions
To summarize, we discussed confusing and missing issues in the current spec.  We propose
Proposal 1: The equations used for sequence to resource mapping should consider whether even or odd RBs are used when density .
Proposal 2: The equations used for sequence to resource mapping should consider applying same sequence(s) to a certain RB for all the densities of each row of Table 7.4.1.5.2-1.
Proposal 3: Port numbering within CDM group first should be captured in the TS38.211.
Proposal 4: Port index p should be mapped with the cover code index k’ and l’, and it is preferred mapping along frequency domain first, then time domain.
Proposal 5: The UE expects that all the CSI resources of a resource set are configured with same parameters except for the frequency/time locations and RE patterns.
Proposal 6: Current QCL framework doesn't support more than 1 QCL group per CSI-RS resource.  No need to change the framework.  More than 1 QCL group per resource can be revisited in Rel-16.
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