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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN1#99 meeting, the following had been agreed [1]:
	Agreement:
A UE shall not average CSI-RS measurements for channel estimation across different transmission bursts from the UE's perspective.
· FFS: Potential issues due to AGC

Agreement:
If a UE is configured with a CSI-RS spanning over multiple LBT bandwidths,
· The UE assumes that the CSI-RS is not transmitted if the UE is monitoring DCI format 2_0 carrying an LBT BW indication and detects the DCI format 2_0 indicating any of corresponding LBT bandwidths is not available for DL reception.

Agreement:
For CSI-RS for tracking in unlicensed spectrum,
· Text proposal for section 5.1.6.1.1 in TS 38.214:
· The bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 and NBWP,i size resource blocks, or is equal to NBWP,i size resource blocks.



In RAN#84 meeting, the prioritization of NR-U had been agreed [2]:
	7.2.2.1.2 DL signals and channels
Essential
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
Optimizations
· CSI-RS enhancement outside of DRS
· More opportunities for CSI-RS to compensate the possible LBT failure
· A-TRS directly QCL with SSB



[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views on CSI-RS transmission.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]Discussion

CSI-RS
Periodic, semi-persistent and aperiodic CSI-RS transmission is supported in NR. In NR-U, due to the LBT requirement for DL transmission, there is no problem on aperiodic CSI-RS for the opportunistic transmission of a DL burst. However, periodic CSI-RS and semi-persistent CSI-RS may not be applied to NR-U directly, because the configured transmission opportunity may not be useable due to LBT failure. 
Simple changes to periodic and semi-persistent CSI-RS can be introduced to make it more LBT friendly. Two options [3] [4] have been proposed. 
The first option is that the periodic/semi-persistent CSI-RS is transmitted even if configured transmission occasion falls outside COT. However, the actual transmission of CSI-RS depends on the LBT outcome, which is uncertain. One enhancement is the gNB should send notification after CSI-RS transmission occasion(s) with regard to transmission state(s) of one or multiple periodic CSI-RS, and measurement results at UE side could be updated accordingly. However, this will introduce additional UE complexity on buffering data.
The second option is that the periodic and semi-persistent CSI-RS can be only transmitted when the configured transmission occasion falls into the DL portion of a COT. At the UE side, if the periodic and semi-persistent CSI-RS occasion(s) fall within a detected COT, the CSI-RS occasion(s) can still be measured.
[bookmark: _GoBack]On the other hand, in our companion contribution [5], some scenarios are shown in which some exceptional cases for UE measuring CSI-RS outside COT informed by DCI format 2-0. Scenario-1 in the scenarios is critical to be solved, since gNB may transmit discovery burst with Cat-2 LBT and cannot send DCI format 2-0 with Cat-2 LBT. Scenario-1 has been discussed in the companion contribution [5]. Moreover, in Scenario-4, if the UE miss detects DCI format 2-0, whether the UE can have assumption of CSI-RS presence in the COT unknown to UE should be discussed further, which is not addressed currently.
Proposal 1: In the COT informed by DCI format 2-0, the UE receives P/SP CSI-RS. The UE behavior on miss detection of DCI format 2-0 is FFS. 
	------------------------------------------ Text Proposal for 38.213, Section 11.1.1 -------------------------------------------
*** Unchanged text omitted ***
If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as uplink or flexible, or the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least one symbol in the set of the symbols, the UE cancels the CSI-RS reception in the set of symbols of the slot or cancels the PDSCH reception in the slot. 
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 2_0 or the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time [image: ] for the corresponding PUSCH processing capability [6, TS 38.214] assuming [image: ] and [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0, DCI format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols. 
If a UE is configured by higher layers to receive a CSI-RS or detects a DCI format 0_1 indicating to the UE to receive a CSI-RS in a set of symbols of a slot, and the CSI-RS occupies one or more RB sets, and the UE detects DCI format 2_0 with bitmap indicating that one or more of the RB sets occupied by the CSI-RS are not available for reception, the UE cancels the CSI-RS reception in the set of symbols of the slot.
If a UE is configured by higher layers to receive a CSI-RS or detects a DCI format 0_1 indicating to the UE to receive a CSI-RS in a set of symbols of a slot, and the UE detects DCI format 2_0 indicating that the set of symbols of a slot is in a remaining channel occupancy duration, the UE receives the CSI-RS in the set of symbols of the slot.
A UE assumes that flexible symbols in a CORESET configured to the UE for PDCCH monitoring are downlink symbols if the UE does not detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as flexible or uplink and the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH in the set of symbols. 
*** Unchanged text omitted ***
------------------------------------------------------ End Text Proposal -------------------------------------------------------




Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the periodic and semi-persistent CSI-RS transmission for NR-U operation. Based on the discussion in section 2, we provide the following proposals.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: In the COT informed by DCI format 2-0, the UE receives P/SP CSI-RS. The UE behavior on miss detection of DCI format 2-0 is FFS.

Reference
[1] RAN1#99 Chairman notes
[2] RAN#84 Chairman notes
[3] R1-1906042	“DL channels and signals in NR unlicensed band”, Huawei, HiSilicon
[4] R1-1907259	“DL signals and channels for NR-U”, Qualcomm
[5] R1-2002262   “Remaining issues on initial access signals/channels”, Spreadtrum
image3.wmf
m


image1.wmf
proc,2

T


image2.wmf
1

2,1

=

d


