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Introduction
In 38.211 of R-1721341 we have
In Section 7.4.1.5.3

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


In Section 7.4.1.1.2
The UE shall assume the PDSCH DM-RS being mapped to physical resources according to type 1 or type 2 as given by the higher-layer parameter DL-DMRS-config-type.


The UE shall assume the sequence  is scaled by a factor  to conform with the transmission power specified in [TS38.213] and mapped to physical resource elements according to





where , , and  are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled:
-	the resource elements are within the common resource blocks allocated for PDSCH transmission

The reference point for  is 
-	for PDSCH transmission carrying RMSI, subcarrier 0 of the lowest-numbered common resource block in the CORESET configured by the PBCH
-	otherwise, subcarrier 0 in common resource block 0 


In this contribution we present evaluation results on correlation between RS sequences when they are subsampled. This is to support the proposals we do in [2] and [3] for CSI-RS and DMRS, respectively.
[bookmark: _Ref178064866]Discussion
Proposal for mapping generated PN sequence to subcarriers for DMRS and CSI-RS
DMRS and CSI-RS for NR use Gold sequences. The sequence, , is generated based on a PRBN generator specified in Section 5.2.1 in [1]. We propose in [2] and [3] to map the sequence to the physical resource in a resource element specific manner. 
When mapping the CSI-RS and DMRS reference signal sequences to the physical resources, the sequence is indexed by the subcarrier index relative to subcarrier 0 in common resource block 0 (point A)
This means that
,
with  a factor including OCC code and scaling (which is irrelevant to this discussion). According to this proposal, the sequence is indexed by the subcarrier index in an absolute grid, k (which is relative to subcarrier 0 of common resource block 0). 
This has several benefits (here RS may be either CSI-RS, including TRS, or DMRS)
· [bookmark: _GoBack]Users with different allocation can share the same physical reference signal.
· The same point of the sequence is only used on a single subcarrier – thus avoiding the deterioration of cubic metric and inter-sequence correlation that results from reusing sequence points on multiple subcarriers as may be the case with the current sequence mapping defined for DMRS.
· Specification is simplified as the sequence mapping on a given subcarrier may be expressed independently of other parameters defining the RS (such as the number of ports and symbols of the resource for CSI, and DMRS configuration and port mapping for DMRS).
· The sequence used by interfering RS is only dependent on which subcarriers it is mapped to and the used to generate the sequence, not the RS configuration. This allows easier prediction of the properties of the interference, and regeneration of the interfering sequence, e.g., for cancellation purposes
· The sequence used on a given subcarrier is independent of RS configuration and density – hence sharing of resources may be simplified.
· The same generated sequence can be reused for multiple RS configurations if as  is shared.
As a result of the proposed mapping, not all values of  are used in all cases. As an example, a two port CSI-RS resource configured with , is mapped to subcarriers

The effectively used sequence values would then be

this is in effect a subsampling of the sequence r(k).
Evaluation of correlation
Reference signal sequences  where generated according to Section 5.2.1 in [1] with the defined for CSI-RS in Section 7.4.1.5. A sequence  of 48 samples - corresponding to the mapped sequence values in a 24 RB allocation with two CSI-RS subcarriers per RB was generated using two methods:
· Subsampled: A sequence  of length 24x12 = 288 was generated and  was created by selecting elements from   corresponding to a resource element specific mapping (according to proposal above) and a CSI-RS resource using two (consecutive) subcarriers per symbol per RB.
· Non-subsampled: A sequence  of length 48 was formed and 
Pairs of , , was selected and correlation between the two sequences generated from  and , respectively was computed for the 140 time instances corresponding to  and . CDFs of correlation across time for a small set of random pairs  is given in Figure 1.
[image: \\vhub.rnd.ki.sw.ericsson.se\home\ekarwer\workspace\ekarwer_genie_chan_an\apps\CDF.png]
[bookmark: _Ref503374193]Figure 1	CDF across time for sequences generated using random pairs of NIDs. Sequences generated either from a long sequence by subsampling, or directly to desired length.
For each  pair, the 95th percentile of the correlation across time was used as a figure of merit. A histogram of this figure of merit across 50000 randomly picked pairs was created and is shown in Figure 2.
[image: \\vhub.rnd.ki.sw.ericsson.se\home\ekarwer\workspace\ekarwer_genie_chan_an\results\40000_random_pairs_2RE_RB.png]
[bookmark: _Ref503374211]Figure 2	Histogram of 95th percentile of correlation for the two methods.

Conclusions
Based on the evaluations in this paper we conclude that the correlation properties of the Gold sequences for DMRS (CP-OFDM case) and CSI-RS are as good for the subsampled sequences effectively used according to our proposal as for non-subsampled sequences of the same length. For CSI-RS we propose
When mapping the CSI-RS reference signal sequence to the physical resources, the sequence is indexed by the subcarrier index relative to subcarrier 0 in common resource block 0 (point A)
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