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Introduction
In RAN1 AdHoc 1801, the following working assumption was made:
Working Assumption
Agree to the following text for TS.38.211 with the understanding that the 1 port rate=1/2 case needs to be checked. If there is an issue with the working assumption for 1 port rate=1/2, technical details will be modified.
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 
[image: ]


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.


In this contribution, we observe that the current working assumptions has flaws when it comes to resource sharing, leading to inefficient use of radio resources. We make a text proposal for a very simple solution that solves the resource sharing problem for all numbers of ports and all densities.
On the working assumption on sequence mapping
To enable sharing of CSI-RS physical resources among users with partly overlapping bandwidths, a resource specific paradigm is partially adopted for the CSI-RS sequence mapping in the WA cited above. We note that for the X=1 port case this is only partially implemented; the sequence mapping is not resource specific across densities  and  (the case that was to be checked according to the WA).
Consider a scenario where UE1 has smaller bandwidth part bandwidth compared to UE2. It is often reasonable to have the CSI-RS cover the entire bandwidth part. To have enough energy on CSI-RS for UE1 it may need to be configured with density . For UE2 it may be sufficient to have   (as the bandwidth is larger). This scenario is illustrated in Figure 1 below:
[image: ]
[bookmark: _Ref505674193]Figure 1	Example of CSI-RS (RB) allocations of two users with different CSI-RS bandwidth and density.
On the transmitter side the same example may be schematically illustrated as in Figure 2 below:
[image: ]
[bookmark: _Ref505674481]Figure 2	Example on how CSI-RS resources are mapped to the resource grid from the network perspective.
Assume that the CSI-RS resources configured for UE1 and UE2 have same number of ports, X (in practice this will often be the case). In this case the number of resource elements reserved for CSI-RS is X, both in the RBs with only UE1 CSI-RS allocated (yellow in Figure 2) or only UE2 CSI-RS allocated (green in Figure 2). However, with the WA, the number of resource elements reserved for CSI-RS in the RBs with both UE1 and UE2 allocated (red in Figure 2) will be 2X – this is because orthogonal resources need to be configured for UE1 and UE2, since the sequence values in the red RBs are different according to the working assumption. If the sequence mapping would be defined to be resource specific also across densities, the transmitted CSI-RS resource could instead be shared in those RBs and the number of resource elements reserved for CSI-RS would be X also in the overlapping RBs. Clearly, a non-resource specific design over different densities leads to unnecessarily large CSI-RS overhead. To that end we observe 
While the non-resource specific aspect of the working assumption is illustrated above for X = 1 port, in fact the working assumption has the same issue for X > 1 ports. Actually, the problem becomes even worse as X grows, since the need to reserve orthogonal time-frequency resources for CSI-RS resources of different densities consumes even more overhead.
[bookmark: _Toc506560739][bookmark: _Toc506563412][bookmark: _Toc506563577][bookmark: _Toc506563617]The working assumption on sequence mapping does not support sharing of transmitted CSI-RS resources across densities  =0.5,  =1, and  =3, resulting in inefficient usage of time/frequency resources.
Mapping of sequence to CSI-RS resource elements
To solve the resource sharing issues raised in the previous section, and avoid inefficient use of resources, we propose a very simple sequence mapping that makes the design completely resource specific across all densities and numbers of ports. At the same time, the mapping becomes very simple from a specification perspective.
The sequence  is generated according to Sections 5.2.1 and 7.4.1.5.2 in [1], and we map it to CSI-REs in a resource element specific manner. This means that
,
where . According to this proposal, the sequence is indexed by the subcarrier index k in an absolute grid. As described in Section 4.4.4 of [1], k is defined relative to subcarrier 0 of the grid (reference Point A). This solution has several benefits compared to the working assumption:
· It enables sharing of the physical CSI-RS resource between users with different configured densities
· The same generated sequence can be reused for multiple CSI-RS configurations if  is shared.
· The sequence used by an interfering CSI-RS, e.g., in another cell, is only dependent on which resource elements it is mapped to and the used to generate the sequence, not the full CSI-RS configuration. This allows easier prediction of the properties of the interference, and also regeneration of the interfering sequence, e.g., for cancellation purposes.
· It enables control of the orthogonality properties between CSI-RS resources with different configurations
· Any given point of the sequence is used on a single subcarrier only – thus avoiding the severe deterioration of cubic metric that may result from reusing sequence points on multiple subcarriers as is the case with the working assumption on sequence mapping for CSI-RS. This effect is numerically evaluated in Section 3.
· The specification is simplified.
[bookmark: _Toc503440897][bookmark: _Ref503449861][bookmark: _Toc503449888][bookmark: _Toc503454968][bookmark: _Toc503543348][bookmark: _Toc503543370][bookmark: _Toc503543563][bookmark: _Toc506563413][bookmark: _Toc506563578][bookmark: _Toc506563618]When mapping the reference signal sequence to the physical resource, indexing the sequence by the subcarrier index k relative to subcarrier 0 in common resource block 0 (Reference Point A) solves many of the problems of the working assumption, allowing the ability to share physical resources and thus avoid inefficient resource utilization. In addition it leads to significantly better time domain properties of the transmitted signal.
With this proposal, the sequence mapped to the physical resource is a subsampled version of , as generated from the Gold sequence defined in Section 5.2.1. In [3] we investigate the correlation properties of a subsampled sequence – and we find them to be the same as those of the original sequence.
The following text proposal implements the resource element specific reference signal sequence as in Observation 2.
>>>>>>>>>>>>  Text proposal (38.211)  >>>>>>>>>>>>
[bookmark: _Toc500952748]7.4.1.5.3	Mapping to physical resources


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





when the following conditions are fulfilled:

-	the resource element  is within the resource blocks occupied by the CSI-RS resource for which the UE is configured

The reference point for  is subcarrier 0 in common resource block 0.
>>>>>>>>>>>>  End text proposal  >>>>>>>>>>>>

[bookmark: _Ref506537177]Numerical evaluations of PAPR/Cubic metric properties of different sequence mapping
A simple scenario with 8 CSI-RS ports, density , and a single symbol for CSI-RS is considered; this corresponds to row 7 of 7.4.1.5.2-1 of 38.211-130. In the example we set QPSK data is mapped to resource elements not used by CSI-RS. Power of CSI-RS is scaled to achieve nominal power. CSI-RS is precoded using random wideband precoders (QPSK phase shifts) with a new realization every OFDM symbol. 
The sequence mapping of the working assumption is compared to the one proposed above with respect to peak to average power ratio (PAPR) and cubic metric (CM) for a one of the transmit antennas (corresponding to a row in the random precoder). The results are shown in Figure 1 and Table 1. Clearly, if CSI-RS is precoded, the working assumption will lead to severe deterioration of the time domain properties of the transmitted signal.
[image: ]
[bookmark: _Ref506539054]Figure 1	PAPR (over OFDM symbols) for CSI-RS symbols generated using the working assumption and the mapping proposed in this paper. PAPR for random QPSK data is included for reference.
[bookmark: _Ref506539061]Table 1	Cubic metric for the two different sequence mapping alternatives considered, and (for reference) random QPSK data
	
	Cubic metric

	Working assumption
	5.2 dB

	Random QPSK
	4.0 dB

	Proposal of this paper
	4.0 dB



Assume precoder phase shift from CSI-RS port (3000+i) to antenna/radio 0 is  = . For the proposal of this paper, the sequence mapping is (note that start offset into sequence is omitted for brevity).
	Subcarrier
	0
	1
	2
	3
	4
	5
	6
	7

	Tx symbol on antenna 0
	
	
	
	
	
	
	
	


For the working assumption, the sequence mapped is
	Subcarrier
	0
	1
	2
	3
	4
	5
	6
	7

	Tx symbol on antenna 0
	
	
	
	
	
	
	
	



The deterioration of PAPR and CM is readily explained by the repetition of the same two sequence points across all ports of the CSI-RS resource that results from the working assumption.

Conclusions
In this contribution, we made the following observation:

Observation 1	The working assumption on sequence mapping does not support sharing of transmitted CSI-RS resources across densities  =0.5,  =1, and  =3, resulting in inefficient usage of time/frequency resources.
Observation 2	When mapping the reference signal sequence to the physical resource, indexing the sequence by the subcarrier index k relative to subcarrier 0 in common resource block 0 (Reference Point A) solves many of the problems of the working assumption, allowing the ability to share physical resources and thus avoid inefficient resource utilization. In addition it leads to significantly better time domain properties of the transmitted signal.
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