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1. Introduction
The following objective is included in the revised work item [1]:
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed.
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided
In this contribution, we mainly discuss the CSI-RS related issues for NR shared spectrum operation from 52.6GHz to 71 GHz. 
2. [bookmark: _Ref498564494]Discussion on CSI-RS related issues
1. 
2. 
[bookmark: _Ref521492551][bookmark: PP12][bookmark: PP1]In NR Rel-15/Rel-16, UE could be configured with periodic/semi-persistent CSI-RS for channel estimation and for CSI reporting. However, for NR-U, LBT needs to be done before each transmission and the configured periodic/semi-persistent CSI-RS may not be transmitted due to LBT failure, as shown in Figure 1. Thus, in time-frequency domain, the configured periodic/semi-persistent CSI-RS can only be transmitted within the Channel Occupied Time (COT) in time domain and within available LBT bandwidth(s) in frequency domain. If gNB cannot transmit CSI-RS due to LBT failure, UE should skip reception and measurement on this non-transmitted CSI-RS. To avoid the UE blind detection to determine whether the CSI-RS is transmitted or not, the CSI-RS validation rule is defined and described in clause 11.1 from TS38.213 provided below [2]:
	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 one or more RB sets and a set of symbols of a slot, and the UE detects a DCI format 2_0 with bitmap indicating that any RB set from the one or more RB sets is not available for reception, the UE cancels the CSI-RS reception in the set of symbols of the slot.

For operation with shared spectrum channel access, if a UE is configured by higher layers to receive a CSI-RS and the UE is provided CO-DurationsPerCell, for a set of symbols of a slot that are indicated as downlink or flexible by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided, the UE cancels the CSI-RS reception in the set of symbols of the slot that are not within the remaining channel occupancy duration.





[bookmark: _Ref83649853]Figure 1: CSI-RS transmission scheme with omni-directional LBT
Channel access mechanism with omni-directional LBT is a key feature for Rel-16 NR-U. Since the communication at high frequency is based on narrow beams. With respect to channel access, omni-directional LBT is not applicable any more as it cannot identify the direction of interference precisely. For operation from 52.6GHz to 71 GHz, the use of beamforming and directional transmission can overcome the propagation limits and enhance the spatial reuse. In this case, directional LBT is an option to cope with beamforming and directional transmission on the 60GHz unlicensed band. 
Omni-directional LBT overprotects and inhibits spatial reuse, because even if a signal is detected from a direction that may not create harmful interference for the intended receiver, it will prevent transmission, while directional LBT enables spatial reuse and leads to a better throughput performance. According to the WID objectives in [1], channel access mechanism assumes beam-based operation to comply with regulatory requirements applicable to unlicensed spectrum for frequencies above 52.6GHz. Directional LBT is a channel access mechanism where the transmitter performs sensing in a directional manner within the transmit beam towards the intended receiver. Thus, directional LBT should be supported and specified to achieve the beamforming gain. 
Under the current channel access mechanism, UE receives periodic/semi-static CSI-RS for measurement within the COT. CSI-RS only needs to be validated in time-frequency domain. If directional LBT is adopted, CSI-RS may not be transmitted because gNB fails to access the channel due to LBT failure in the direction of CSI-RS transmission, as shown in Figure 2. In this case, when the CSI-RS is within the COT, UE will still consider that the CSI-RS is transmitted successfully and perform reception and measurement. To avoid the effort to determine whether the CSI-RS is transmitted in the direction of COT, a beam indicator may be needed to indicate the direction of the DL transmission burst(s) within the COT, so as to validate the reception of CSI-RS in shared spectrum above 52.6GHz. The CSI-RS validation rule should additionally consider the spatial relation between the CSI-RS and the DL transmission burst(s) within the COT on the basis of that of NR-U. 


[bookmark: _Ref83649859]Figure 2: CSI-RS transmission scheme with directional LBT
[bookmark: _Ref83649087]Proposal 1: A beam indicator may be needed to indicate the direction of the DL transmission burst(s) within the COT in shared spectrum above 52.6GHz.
[bookmark: _Ref83649089]Proposal 2: The CSI-RS validation rule should additionally consider the spatial relation between the CSI-RS and the DL transmission burst(s) within the COT on the basis of that of NR-U.
3. Conclusion
In this contribution, we discuss the CSI-RS related issues for NR shared spectrum operation from 52.6GHz to 71 GHz, and have the following proposals:
Proposal 1: A beam indicator may be needed to indicate the direction of the DL transmission burst(s) within the COT in shared spectrum above 52.6GHz.
Proposal 2: The CSI-RS validation rule should additionally consider the spatial relation between the CSI-RS and the DL transmission burst(s) within the COT on the basis of that of NR-U.
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