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Introduction
In this contribution, we make a text proposal for a correction related to CSI-RS. The correction is based on the latest version of  TS 38.211 [1]. We also propose a solution for matching the configured CSI-RS periodicity to an arbitrary semi-static DL/UL pattern.
[bookmark: _Ref178064866]Discussion
Mapping of sequence to CSI-RS resource elements
The sequence  is generated according to Sections 5.2.1 and 7.4.1.5.2 in [1]. The exact details of the mapping to the physical resource are, however, still undefined in the specification. To that end we propose to also map the sequence 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:
· It enables sharing of CSI-RS physical resources among users with partly overlapping bandwidths.
· It enables control of the orthogonality properties between CSI-RS resources with different configurations.
· The same point of the sequence is only used on a single subcarrier – thus avoiding the deterioration of cubic metric and inter CSI-RS correlation that may result from reusing sequence points on multiple subcarriers, e.g., as may occur with the current sequence mapping defined for DMRS, see [3] for this issue.
· Specification is greatly simplified, as the sequence mapping on a given subcarrier may be expressed independently of other parameters defining the CSI-RS resource, e.g., the frequency domain locations .
· 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.
· The same generated sequence can be reused for multiple CSI-RS configurations if  is shared.
[bookmark: _Toc503440897][bookmark: _Ref503449861][bookmark: _Toc503449888][bookmark: _Toc503454968][bookmark: _Toc503543348][bookmark: _Toc503543370][bookmark: _Toc503543563]When mapping the reference signal sequence to the physical resources, the sequence is indexed by the subcarrier index k relative to subcarrier 0 in common resource block 0 (Reference Point A).
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 [2] we investigate the correlation properties of this 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 proposed in Proposal 1. It also incorporates an editorial change related to how the resource block allocation for CSI-RS is expressed. The modified text is shown in red.
>>>>>>>>>>>>  Text proposal (38.211)  >>>>>>>>>>>>
[bookmark: _Toc500952747]7.4.1.5.2	Sequence generation

The UE shall assume the reference-signal sequence  is defined by

.

The UE shall assume the reference-signal sequence  is defined by

.
…
[bookmark: _Toc500952748]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 










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 starting position and number of resource blocks are given by the higher-layer parameters CSI-RS-FreqBand for the carrier bandwidth part given by the higher-layer parameter BWP-Info. The densityand an RB level comb offset is given by the higher layer parameter CSI-RS-Density. For, CSI-RS is transmitted in every resource block, with a shift specified by the RB level comb offset. For , CSI-RS is transmitted in all resource blocks.

The reference point for  is subcarrier 0 in common resource block 0.
…




where  is the bit number of the  set bit in the bitmap., repeated across every  of the resource blocks configured for CSI-RS reception by the UE when . The starting position and number of the resource blocks in which the UE shall assume that CSI-RS is transmitted are given by the higher-layer parameter CSI-RS-FreqBand and CSI-RS-Density for the carrier bandwidth part given by the higher-layer parameter BWP-Info. 
…
>>>>>>>>>>>>  End text proposal  >>>>>>>>>>>>

CSI-RS periodicity for semi-static DL/UL patterns
In Section 7.4.1.5.3 of 38.211 [1], the periodicity and slot offset for periodic and semi-persistent CSI-RS resources is defined. The allowed periodicities are expressed in number of slots and given by . When a UE is semi-statically configured with a DL/UL configuration, depending on the DL/UL pattern, there are cases that the length of the pattern does not fit well with the CSI-RS periodicity. It can happen that for a given CSI-RS transmission opportunity in a slot defined by the CSI-RS periodicity, the slot is not a slot characterized as ‘downlink due to the particular configured DL/UL pattern.
For example, consider a UL/DL configuration pattern of length  slots consisting of 2 DL slots followed by 1 UL slot. Since there is no defined CSI-RS periodicity that is a multiple of 3 slots, such an  UL/DL pattern would effectively be prohibited. Considering various use cases envisioned for NR deployment, this is a problem that should be resolved. A simple solution to tackle the problem is described by the following.
[bookmark: _GoBack]NR already defines a set of periodicity values as described above, and we propose to keep those as is. However, in case a UE is configured with a semi-static UL/DL pattern of length X slots, the configured CSI-RS periodicity P and slot offset  are interpreted at the UE instead as periodicity  slots and offset slots. Furthermore, if there is more than one DL slot in the DL/UL pattern, the UE can be RRC configured with a length-N bitmap, where N is the number of downlink slots in the pattern. A ‘1’ in the bitmap indicates that CSI-RS is transmitted in the corresponding downlink slot of the pattern. With this approach, the “effective periodicity” is  slots, where  is the number of ‘1’s in the length-N bitmap. With the above example of 2 DL slots and 1 UL slots () with both DL slots used for CSI-RS transmission (), the “effective periodicity” is  This is illustrated in Figure 1. Based on this discussion we propose the following.
[bookmark: _Toc503543349][bookmark: _Toc503543371][bookmark: _Toc503543564]When a UE is configured with semi-static UL/DL configuration with a UL/DL pattern of length X slots with N < X slots as DL, the UE interprets the configured CSI-RS periodicity P and slot offset O instead as P*X slots and O*X slots, respectively. The UE is additionally configured with a length-N bitmap, where a ‘1’ in the bitmap indicates that CSI-RS is transmitted in the corresponding DL slot in the DL/UL pattern according to the interpreted periodicity and slot offset.
[image: ]
[bookmark: _Ref503542718]Figure 1: Example of length X = 3 semi-static DL/UL configuration. The UE is configured with periodicity P = 2 and slot offset O = 1 and is configured with a length-2 bitmap = [1 1]. CSI-RS is transmitted in 2 out of every 6 slots.  

Conclusions
We make the following proposals:
Proposal 1	When mapping the reference signal sequence to the physical resources, the sequence is indexed by the subcarrier index k relative to subcarrier 0 in common resource block 0 (Reference Point A).
Proposal 2	When a UE is configured with semi-static UL/DL configuration with a UL/DL pattern of length X slots with N < X slots as UL, the UE interprets the configured CSI-RS periodicity P and slot offset O instead as P*X slots and O*X slots, respectively. The UE is additionally configured with a length-N bitmap, where a ‘1’ in the bitmap indicates that the corresponding UL slot in the DL/UL pattern is to be used to transmit CSI-RS according to the interpreted periodicity and slot offset.

[bookmark: _In-sequence_SDU_delivery]References
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