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Introduction
In RAN1 NR WI, the following agreements on NR CSI-RS were made so far [1]:
	Agreement
For NR CSI-RS sequence initialization,
· Similar to LTE, the sequence initialization values should be different for all OFDM symbols within a frame (10ms)
[image: ], 
where  denotes slot index within a radio frame, and  is OFDM symbol index within a slot and  is UE specifically configured scrambling ID

Agreement
Introduce the following RRC parameter for CSI-RS:
Comb offset for D=1/2
1 bit to indicate between odd and even RBs

Agreement
Introduce parameter Pc-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS



This contribution provides Samsung’s views on the following issues on CSI-RS:
CSI-RS sequence
CSI-RS rate matching
Others
Remaining Issues on CSI-RS
1 
2 
CSI-RS sequence






Per the agreed CSI-RS sequence initialization, the UE should be informed the slot number within a radio frame, , to receive CSI-RS. Therefore, in case of asynchronous network where a UE may not be able to know the actual values of  of neighbouring cells, CSI-RS from other cells might not be available for some UEs. Given that NR CSI-RS has various functionalities including mobility management, beam management, multi-TRP operations, etc., receiving CSI-RSs from multiple cells/TRPs should be supported for both synchronous/asynchronous networks. Applying different sequence initialization method per situation would be one possible solution for this issue. In NR, gNB can indicate whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell by RRC parameter “useServingCellTimingForSync”. When useServingCellTimingForSync is configured as TRUE, the same  may work for both serving cell and neighbouring cells. On the other hands, if useServingCellTimingForSync is configured as FALSE, the same  may or may not be applicable for neighbouring cells. Therefore, in this case, the UE assumes CSI-RSs from other cells are initialized by another equation with a relaxation on . One example for the relaxation on  could be , where N is a sequence initialization repetition factor within a radio frame. For instance,  could be defined to secure 5ms periodicity of CSI-RS sequence initialization, given that 5ms boundaries of other cells can be found by PBCH DMRS of the cells.

Proposal 1. CSI-RS sequence initialization method can be chosen by useServingCellTimingForSync:
If useServingCellTimingForSync is configured as TRUE, the agreed CSI-RS sequence initialization is reused.

If useServingCellTimingForSync is configured as FALSE,  in the agreed CSI-RS sequence initialization is replaced by 

Table 1 provides the corresponding text proposal for Proposal 1.

[bookmark: _Ref503370078]Table 1. Text proposal #1
	[bookmark: _Toc500952747]7.4.1.5.2	Sequence generation

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

.

where the pseudo-random sequence  is defined in clause 5.2.1. If the higher layer parameter useServingCellTimingForSync is not configured or is configured as TRUE, The the pseudo-random sequence generator shall be initialised with





at the start of each OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter ScramblingID.
If the higher layer parameter useServingCellTimingForSync is configured as FALSE, the pseudo-random sequence generator shall be initialised with




at the start of each OFDM symbol where  is the slot number within a radio frame,  is the number of slots per frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter ScramblingID.


CSI-RS rate matching
In LTE, PDSCH REs occupied by NZP CSI-RS for DRS are not mandated to be rate matched considering RS overhead, while the REs occupied by NZP CSI-RS for CSI reporting are rate matched. However, the current NR 211 spec captures a different rule than LTE such that all PDSCH REs overlapped with CSI-RS configured for a UE should be rate matched. Given that there might be more than hundreds of CSI-RSs for mobility regardless of carrier frequency in NR, it would be beneficial to apply a similar NZP CSI-RS rate matching rule as in LTE.

Proposal 2. UE does not perform rate matching on REs overlapped with CSI-RS for mobility.

Table 2 provides the corresponding text proposal for Proposal 2.

[bookmark: _Ref503431231]Table 2. Text proposal #2
	[bookmark: _Toc500952719]7.3.1.5	Mapping to virtual resource blocks



[bookmark: _Hlk494185391]The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols  conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
[bookmark: _Hlk494798725]-	…
-	the corresponding resource elements in the corresponding physical resource blocks are
-	…
-	not used for zero-power or non-zero-power CSI-RS according to clause 7.4.1.5, except non-zero-power CSI-RSs configured for mobility
-	…


Others
In this section miscellaneous corrections/suggestions are discussed. 1) As agreed in RAN1#91 meeting, a description on RRC parameter for CSI-RS comb offset for D=1/2 should be added in TS38.214. 2) Given that Pc-PDCCH has a fixed value of 0dB always, it is proposed to remove Pc-PDCCH from RRC parameter list of NZP-CSI-RS-ResourceConfig and add the corresponding clarification in TS38.214 accordingly.

Proposal 3. Consider the following corrections/changes on Section 5.2.2.3.1 of TS38.214
Add a description on RRC parameter for CSI-RS comb offset for D=1/2
Remove Pc-PDCCH from RRC parameter list of NZP-CSI-RS-ResourceConfig and add the corresponding clarification in TS38.214 accordingly

Table 3 provides the corresponding text proposal for Proposal 2.
[bookmark: _Ref503438975]Table 3. Text proposal #3
	[bookmark: _Toc501048198]5.2.2.3.1	Non-zero power CSI-RS
…
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via higher layer parameter NZP-CSI-RS-ResourceConfig for each CSI-RS resource configuration:
-	…
-	CSI-RS-Density defines CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-CombOffset defines CSI-RS comb offset for CSI-RS frequency density of 1/2, where the allowable values are 0 or 1.
-	Pc: which is the assumed ratio of PDSCH EPRE to non-zero power CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size,
-	Pc-PDCCH which is the assumed ratio of PDCCH EPRE to non-zero power CSI-RS EPRE and takes the value of 0 dB.
[bookmark: _Hlk498332433][bookmark: _Hlk497931989]-	…
[bookmark: _Hlk498496053]The UE assumes the ratio of PDCCH EPRE to non-zero power CSI-RS EPRE as 0dB.
The UE may be configured the CSI-RS in same OFDM symbols as CORESET, but not in the same resource elements.


3 
Conclusions
4 
[bookmark: _GoBack]In this contribution, Samsung’s view on remaining issues on CSI-RS is presented. The following observations and proposals are made:
Proposal 1. CSI-RS sequence initialization method can be chosen by useServingCellTimingForSync:
If useServingCellTimingForSync is configured as TRUE, the agreed CSI-RS sequence initialization is reused.

If useServingCellTimingForSync is configured as FALSE,  in the agreed CSI-RS sequence initialization is replaced by 
Proposal 2. UE does not perform rate matching on REs overlapped with CSI-RS for mobility.
Proposal 3. Consider the following corrections/changes on Section 5.2.2.3.1 of TS38.214
Add a description on RRC parameter for CSI-RS comb offset for D=1/2
Remove Pc-PDCCH from RRC parameter list of NZP-CSI-RS-ResourceConfig and add the corresponding clarification in TS38.214 accordingly
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