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CSI-RS validation and averaging
vivo (R1-2001650)
As shown in Figure 1(a), if a UE is not configured with time Restriction for Channel Measurements, the UE shall derive the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than the CSI reference resource associated with the CSI resource setting.
As shown in Figure 1(b), if a UE is configured with time Restriction for Channel Measurements, the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS associated with the CSI resource setting.
[image: ]
[FL Note: Probably there is a typo in the figure, it should be "b) Time restriction for channel measurement is configured".]
However, for NRU, configured periodic/semi-persistent CSI-RS may not be transmitted due to LBT failure, e.g. CSI-RS #2 is not transmitted due to LBT failure. In this case, UE should skip measurement on this non-transmitted CSI-RS. To avoid the effort to determine whether the CSI-RS is transmitted or not by detection from UE side, validation rule should be defined for periodic/semi-persistent CSI-RS presence. First, SFI in DCI 2_0 could provide one candidate for such validation rule. In NR Rel-15, if SFI is configured but not detected or indicated as not downlink for any symbol where CSI-RS is configured by higher layer (i.e. periodic/semi-persistent), the CSI-RS transmission is cancelled. From UE side, it only assumes that periodic/semi-persistent CSI-RS indicated as DL by SFI is valid when SFI is configured. From gNB side, it will indicate the CSI-RS symbol as DL when guaranteeing that CSI-RS can be transmitted (i.e. within the COT). Similarly, COT information could also be used for validation of CSI-RS. Second, scheduled PDSCH transmission within the same slot can be another candidate for CSI-RS validation, i.e. UE will assume CSI-RS presence when PDSCH is scheduled within the same slot. Third, as discussed in [3], UE will assume the CSI-RS is transmitted when the QCLed SSB is detected within the same slot.
Proposal 4: Besides SFI based UE behavior in NR Rel-15, UE will assume periodic/semi-persistent CSI-RS is present when one of the following conditions is met:
•	Indicated within a COT by DCI 2_0;
•	PDSCH scheduled within the same slot;
•	QCLed SSB detected within the same slot.

LG (R1-2001933)
NR-U UE can confirm the presence of CSI-RS in a slot by detecting DCI format 2_0 that indicates channel occupancy structure and SFI for the slot. In other words, a UE is not required to perform CSI measurement in a slot if the UE does not detect any DCI format 2_0 indicating channel occupancy structure and/or SFI for the slot. Furthermore, we need to consider the case where DCI format 2_0 is not configured to a UE. In that case, CSI measurement can be performed only in the slot where PDCCH or PDSCH for the UE is detected or AP-CSI-RS for the UE is triggered.
Proposal #8: For a UE configured with DCI format 2_0, the UE is not required to perform CSI measurement in a slot if the UE does not detect any DCI format 2_0 that can indicate channel occupancy structure and/or SFI for the slot.
Proposal #9: For a UE not configured with DCI format 2_0, the UE is not required to perform CSI measurement in the slot where PDCCH or PDSCH for the UE is not detected or AP-CSI-RS for the UE is not triggered.
NR-U UE can be restricted to measure interference only within DL transmission burst. Moreover, we need to discuss further the case where NZP-CSI-RS is configured for interference measurement. One potential solution is to perform CSI interference measurement based on NZP-CSI-RS within a DL transmission burst.
Proposal #10: For CSI interference measurement based on ZP-CSI-RS, UE is not allowed to perform interference measurement outside serving cell’s transmission burst.
Proposal #11: For CSI interference measurement based on NZP-CSI-RS, UE is not required to average CSI interference measurements across serving cell’s transmission bursts.

Samsung (R1-2002115)
Proposal 4: A UE assumes periodic CSI-RS and/or SPS PDSCH are transmitted if the occasions for those signals/channels are fully overlapped with at least one of followings
· Remaining CO duration indicated by DCI format 2_0
· DL transmission burst from UE’s perspective
· A duration between a DCI and the scheduled PDSCH
· A duration of PDSCH scheduled by a DCI duration if a gap between the DCI and PDSCH is less than 
· A transmission duration where any DL transmission is detected if FBE mode is configured

Nokia (R1-2002225)
While association and configuration of SP/P-NZP-CSI-RS is clear in the RAN1 specification, it is not so clear under which conditions a UE validates SP/P-NZP-CSI-RS.  There are two cases
CASE1: UE is configured with GC-PDCCH
CASE2: UE is not configured with GC-PDCCH or fails to detect GC-PDCCH
For CASE1, when GC-PDCCH with RB-set indication is configured, SP/P-NZP-CSI-RS are validated only within COT, as agreed already. If RB-set indication is not configured, UE assumes that all RB-sets are available, and therefore, UE validates SP/P-NZP-CSI-RS only within COT as per previous agreement. 
Without GC-PDCH, there are few options 
· Alt1: UE measures always -> UE reports non-sense and congests wireless channel with periodic PUCCH report
· Alt2: UE performs blind detection of SP/P-NZP-CSI-RS -> additional RAN4 requirements would need to be defined for this case.
· Alt3: UE perform validation based on detection of other gNB signals within a slot -> UE reports CSI in periodic PUCCH only if validates at least one SP/P-NZP-CSI-RS
We think that Alt3 would be the best option. Other signals could be e.g. SSB, PDCCH. If UE detects such signals in a slot, it validates signal in the slot. Furthermore, a DL assignment scheduling HARQ-ACK with CAT2, informs UE that set of slots in between are part of COT and they are DL slots. Therefore, UE may validate SP/P-NZP-CSI-RS in the set of slots. Similar can be formulated also for scheduled PDSCH.
Proposal 7: When UE detects SSB or PDCCH in a slot, UE validates SP/P-NZP-CSI-RS in the slot.
Proposal 8: When UE receives DL assignment in slot n scheduling PUCCH transmission (with CAT2) in slot n+k1. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k1-1
Proposal 9: When UE receives DL assignment in slot n scheduling PDSCH transmission in slot n+k0. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k0

Spreadtrum (R1-2002275)
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.

Apple (R1-2002320)
As in Rel-15, NR-U supports DL transmissions that are semi-statically configuration by higher layers including periodic, semi-persistent CSI-RS transmission/reporting, CSI-IM and DL SPS transmission. However, it is possible that these semi-statically configured DL resources maybe actually not transmitted by gNB due to LBT failure. The monitoring and blind detection of P/SP-CSI-RS at each configured occasion causes unnecessary UE complexity and power consumption especially for the case of frequent detection and monitoring with a small period. Moreover, the uncertainty of CSI-IM resources makes it challenging for interference measurement. 
In Rel-15 NR, if a UE is configured with semi-static DL transmission (i.e. P/SP-CSI-RS and DL SPS) and detects a DCI format 2_0 indicating at least one symbol of these transmissions resource is flexible or is configured to monitor but doesn’t detect a DCI format 2_0 providing a slot format for the slot, the UE cancels CSI-RS and DL SPS PDSCH reception. For NR-U, the DCI format 2_0 was enhanced to indicate the COT duration. Inline with the basic principle of Rel-15, it makes sense to leverage this enhanced signal to implicitly indicate the presence of P/SP-CSI-RS, CSI-IM and SPS PDSCH so as to address the concern of power consumption at UE. Hence, the DCI format 2_0 serves two purposes for NR-U to improve UE power efficiency: COT indication and the P/SP-CSI-RS/CSI-IM/SPS PDSCH presence indicator. For example, the UE may only process the P/SP-CSI-RS/CSI-IM/SPS PDSCH if all of symbols fall in the valid COT indicated by DCI format 2_0. It should be noted that the P/SP-CSI-RS configuration is still fully controlled by gNB and can be utilized as long as the associated DCI format 2_0 is transmitted. 

For the aperiodic CSI-RS reception, the same problem of UE power consumption exists since the triggered CSI-RS maybe not transmitted if it is out of COT and LBT failed for the transmission. This problem can be easily solved by ensuring the A-CSI-RS is located within COT signalled by DCI format 2_0 so as to simplify the UE implementation for A-CSI-RS transmission detection. 
Proposal 3:
· UE assumes the presence of P/SP-CSI-RS/CSI-IM/SPS PDSCH only if all of symbols are located within the COT that is indicated by DCI format 2_0. 
· Aperiodic CSI-RS and its triggering DCI format are transmitted within a same COT. 

Qualcomm (R1-2002528)
In NR, CSI-RS transmission can be periodic, semi-persistent, and aperiodic. In NR-U, due to the LBT requirement for DL transmission, aperiodic CSI-RS fits the opportunistic transmission of a DL burst. On the other hand, NR periodic CSI-RS and semi-persistent CSI-RS cannot carry over to NR-U directly, considering the fact that 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. For example, if the periodic and semi-persistent CSI-RS are configured, they can be only transmitted when the configured transmission opportunity falls in the DL portion of a COT. On the UE side, if the processing of periodic and semi-persistent CSI-RS is conditioned on the detection of COT start, these CSI-RS types can still be supported in NR-U, as a scheduler choice. By conditioning on UE detecting the COT, UE implementation impact is minimized as it does not have to do a detection of presence/absence of CSI-RS. Note that the same applies to CSI-RS for tracking (TRS) as well.
The periodic CSI-RS for tracking (TRS) consists of a TRS burst of 1 or 2 slots that occurs periodically. The CSI-RS symbols in one TRS burst is processed together. Thus, it makes sense that they are transmitted only when the all the CSI-RS symbols in one TRS burst falls in the DL portion of the same COT.
Proposal 2: Periodic, semi-persistent, and aperiodic CSI-RS can be supported in NR-U. UE is expected to process periodic and semi-persistent CSI-RS only if it is able to confirm through COT-SI or other PDCCHs that the CSI-RS is inside a gNB COT.
•	Additionally, for a TRS, the UE is expected to process the TRS only if it can confirm through COT-SI or other PDCCHs that all CSI-RS symbols in one TRS burst are inside the same gNB COT.
•	FFS: Minimum time duration required between the COT-SI/other PDCCH and the CSI-RS resource for the UE to process the CSI-RS.
In NR, an aperiodic CSI-RS is triggered by a DCI. The offset from the trigger to the CSI-RS resource is RRC configured. In NRU, to avoid LBT related issues and simplify the CSI-RS reception at the UE, it is beneficial to transmit the DCI trigger and the aperiodic CSI-RS in the same COT.
Proposal 3: Aperiodic CSI-RS and its triggering DCI are transmitted in the same COT.
CSI-RS for RLM can be supported in NR-U. However, due to LBT subband based access in the DL, the number of RB sets used for each COT can be different, and in general, the CSI-RS transmit power can vary. For RLM purpose, the UE can only assume a fixed power for CSI-RS if detected. Therefore, even though CSI-RS for CSI acquisition purpose may support variable power for different COT, the CSI-RS for RLM should be transmitted with fixed power.
Proposal 4: UE expects CSI-RS for RLM to have fixed transmit power over all COTs.
ZTE (R1-2001703)
Rel-15 NR supports periodic, aperiodic and semi-persistent CSI-RS transmission. For NR-U, due to the requirement of LBT, aperiodic CSI-RS can well match the characteristics of opportunistic transmission in unlicensed spectrum. It can be triggered to be sent after gNB obtains a COT. Periodic/semi-persistent CSI-RS may fail to be sent at a time point according to semi-static configuration due to the failure of LBT. However, considering periodic/semi-persistent CSI-RS is conductive to signaling overhead reduction and channel state information maintenance, periodic/semi-persistent CSI-RS should also be supported even if their transmission cannot be always guaranteed due to LBT. RAN1 needs to clarify that on which condition UE needs to detect and measure CSI-RS. We believe that if UE confirms that configured CSI-RS resources fall into a DL transmission burst, it needs to detect and measure CSI-RS. The method of validation belongs to the implementation, such as relying on remaining COT or SFI indicated by DCI format 2_0, or via other channels/signals detection.
In the following, we provide two alternative TPs for capturing above proposal.
Proposal 4: Only when the UE confirms that the configured CSI-RS resource falls into a DL transmission burst, it needs to receive CSI-RS. The two alternatives of TP#3 can be considered.

TP#3 Alt 1: 
------------------------------------< Start of text proposal for 38.214 [1]> --------------------------------------------
[bookmark: _Toc11352098][bookmark: _Toc20317988][bookmark: _Toc29674285][bookmark: _Toc27299886][bookmark: _Toc29673292][bookmark: _Toc29673151]5.1.6.1	CSI-RS reception procedure
< Unchanged parts are omitted >
The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted. 
If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.
For operation with shared spectrum channel access, the UE is not expected to receive CSI-RS in the OFDM symbols which is not within a DL transmission burst.
< Unchanged parts are omitted >
----------------------------------------  < End of text proposal> --------------------------------------------------------

TP#3 Alt 2: 
------------------------------------ < Start of text proposal for 38.214 [1]> --------------------------------------------
[bookmark: _Toc27299919][bookmark: _Toc29674324][bookmark: _Toc29673190][bookmark: _Toc29673331][bookmark: _Toc11352131][bookmark: _Toc20318021]5.2.2.5	CSI reference resource definition
< Unchanged parts are omitted >
A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it comprises at least one higher layer configured downlink or flexible symbol, and
-	it does not fall within a configured measurement gap for that UE 
- for operation with shared spectrum channel access, it falls within a DL transmission burst
< Unchanged parts are omitted >
---------------------------------------- < End of text proposal> --------------------------------------------------------

Clarification on average CSI-RS measurement
MediaTek (R1-2001902)
Proposal 5: Text proposal 2 is adopted in TS 38.214 clause 5.2.1.1 to align with the RAN1 agreement that transmission bursts should be determined from the UE's perspective.
===================================Text proposal 2 starts=======================================
5.2.1.1	Reporting settings
*** Unchanged text is omitted ***
For operation with shared spectrum channel access, the UE should not may average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS 37.213]). if:
· all occasions are indicated by DCI format 2_0 as being within remaining channel occupancy duration and no duration of more than 16us in between the occasions is not within remaining channel occupancy duration, or
· all occasions are not within remaining channel occupancy duration and no duration in between the occasions is indicated by DCI format 2_0 as being within remaining channel occupancy duration.  
*** Unchanged text is omitted ***
==================================Text proposal 2 ends========================================



Samsung (R1-2002115)
In RAN1 #99 meeting, the following agreement regarding CSI-RS power assumption was made.
	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


The agreement is captured in 38.214 as below.
	5.2.1.1 Report settings
----omitted----
For operation with shared spectrum channel access, the UE should not average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS 37.213]).


However, based on TS 37.213, the DL transmission burst definition is specified from gNB point of view, and this definition is not aligned with the agreement where the transmission bursts should be defined from the UE’s perspective. 
A UE may not know the exact duration of a DL transmission burst, e.g., DCI format 2_0 is not configured and/or a DL transmission burst from gNB includes DL transmissions for other UEs, the current 38.214 description incurs ambiguity in a UE behaviour especially when the UE does not know about gNB’s DL transmission burst. 
To be more aligned with the agreement, following TP is proposed.
Proposal 3: Adopt following TP for TS38.214 to be more aligned with the agreement. 

----------------------------------------Text Proposal for 38.214---------------------------------------
	5.2.1.1 Report settings
----omitted----
For operation with shared spectrum channel access, the UE should not average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS37.213])  which satisfies any of the following conditions
    - gap among the different DL transmissions is greater than  if the UE does not detect a DCI 2_0 that indicates a channel occupancy duration which overlaps the occasions of the NZP CSI-RS
- the DL transmissions are in different detected channel occupancy durations.




Discussion
Companies are invited to comment on the questions below.
Validation of CSI-RS
Q1: Under which conditions shall the UE assume that periodic or semi-persistent CSI-RS are present and used for measurement purposes?
	Several conditions have been proposed:
· The CSI-RS resource is inside a COT as indicated by DCI 2_0
· A PDSCH is scheduled in the same slot as the CSI-RS resource
· QCLed SSB is detected in the same slot as the CSI-RS resource
· A duration between a DCI and the scheduled PDSCH
· A duration of PDSCH scheduled by a DCI duration if a gap between the DCI and PDSCH is less than 16us
· A transmission duration where any DL transmission is detected if FBE mode is configured
· When UE detects SSB or PDCCH in a slot, UE validates SP/P-NZP-CSI-RS in the slot.
· When UE receives DL assignment in slot n scheduling PUCCH transmission (with CAT2) in slot n+k1. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k1-1
· When UE receives DL assignment in slot n scheduling PDSCH transmission in slot n+k0. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k0 

Please provide your views on which conditions should be adopted. Please also comment if you think that there should be conditions applicable only to e.g. specific CSI-RS types or purposes (e.g. ZP, NZP, TRS, interference measurement, …).

	Company
	Comment

	LG Electronics
	In our view, if DCI format 2_0 is configured to be monitored, DCI format 2_0 is sufficient for validation of CSI-RS. If DCI format 2_0 is not configured, another method (e.g., slot where UE detects PDCCH and/or PDSCH) can be considered. This kind of validation procedure can be applied to any type/purpose CSI-RS in principle.

	MediaTek
	Share similar view with LG.
Validation of CSI-RS is applied to any type/purpose CSI-RS.
If DCI 2_0 with channel occupancy duration indication (either by CO duration or SFI) and available RB set indication are configured, the validation of CSI-RS could be determined only based on DCI 2_0. 
If DCI 2_0 with such information is NOT configured, other validation rules is adopted.

	Spreadtrum
	· If DCI format 2-0 is configured and detected by UE, UE should assume CSI-RS is available in the COT
· If DCI format 2-0 is configured and miss detected by UE, UE may not assume CSI-RS is available in the COT, because SFI may cancel CSI-RS
· If DCI format 2-0 is not configured,  UE should assume CSI-RS is available in a DL transmission burst of PDCCH/SSB (similar view with LGE)
· Within the discovery burst transmission window, UE should assume CSI-RS is available in a DL transmission burst of PDCCH/SSB, no matter DCI format 2-0 is configured or not. This is because DCI format 2-0 may not be multiplexed with the discovery burst even when DCI format 2-0 is configured, e.g. the “standalone” discovery burst with Cat 2 LBT

	Nokia, NSB
	The CSI-RS resource is inside a COT as indicated by DCI 2_0 …. this is already agreed. -> No need to discuss

For LBE, we support the following validation cases for the case without DCI 2_0
Case 1
· A PDSCH is scheduled in the same slot as the CSI-RS resource
Case 2
· When UE detects SSB or PDCCH in a slot, UE validates SP/P-NZP-CSI-RS in the slot.
Case 3
· When UE receives DL assignment in slot n scheduling PUCCH transmission (with CAT2) in slot n+k1. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k1-1
Case 4
· When UE receives DL assignment in slot n scheduling PDSCH transmission in slot n+k0. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k0 

· For FBE, it is not clear what is “DL transmission”, does it include also PDCCH transmitted  to other UEs? We prefer to discuss based on which signals UE validates CSI-RS in FBE.

	ZTE, Sanechips
	Validation of CSI-RS can be determined when DCI 2_0 indicates CSI-RS resource is inside a COT or any DL signal/channel is detected duration DL transmission regardless of LBE or FBE mode.

	Ericsson
	We share a similar view as LGE, except some refinement is needed.
When the UE is configured to monitor DCI 2_0, SFI can be used for validation/cancellation. This is already supported in Rel-15, so no need to discuss further.
However, one important aspect to point out is that if the UE is configured to monitor DCI 2_0 and the signaled CO duration indicates that the p/sp-CSI-RS falls within that channel occupancy, that is not enough to validate the p/sp-CSI-RS, since parts of the channel occupancy may be used for uplink transmissions.
When the UE is NOT configured to monitor DCI 2_0, some other means is needed for the UE to determine if the symbols (not just the slot) occupied by p/sp-CSI-RS are classified as ‘D’ (for downlink). The following candidates can be further discussed:
· If the UE is scheduled a PDSCH in the set of symbols occupied by p/sp-CSI-RS, the UE shall receive the p/sp-CSI-RS in the set of symbols
· If ap-CSI-RS is triggered in the set of symbols occupied by p/sp-CSI-RS, the UE shall receive the p/sp-CSI-RS in the set of symbols
· If SSB is detected in the set of symbols occupied by p/sp-CSI-RS, the UE shall receive the p/sp-CSI-RS in the set of symbols

	Huawei, HiSilicon
	In general, we think the P/SP-CSI-RS resource can be regarded as valid if it locates within the same DL burst in which any other DL signals is detected. 
At least in following cases, P/SP-CSI-RS can be regarded as valid
· A PDSCH is scheduled in the same slot as the CSI-RS resource
· QCLed SSB is detected in the same slot as the CSI-RS resource
· When UE detects SSB or PDCCH in a slot, UE validates SP/P-NZP-CSI-RS in the slot. 
As for the following cases, further clarification is necessary
· The CSI-RS resource is inside a COT as indicated by DCI 2_0
[HW: it should be ensured that there is no gap between DL burst within the COT duration]
· A duration between a DCI and the scheduled PDSCH
· A duration of PDSCH scheduled by a DCI duration if a gap between the DCI and PDSCH is less than 16us
· When UE receives DL assignment in slot n scheduling PDSCH transmission in slot n+k0. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k0
[HW: The above 3 can be categorized in the same type. If the DCI and scheduled PDSCH can be ensured within same DL burst, the CSI-RS resource in-between can be regarded as valid.]
· When UE receives DL assignment in slot n scheduling PUCCH transmission (with CAT2) in slot n+k1. UE validates SP/P-NZP-CSI-RS in a set of slots n to n+k1-1
[HW: the preconfigured CSI-RS resource maybe within the gap between PDCCH and PUCCH]
· A transmission duration where any DL transmission is detected if FBE mode is configured
[HW: there is risk in FFP where gNB might lost channel occupancy after gaps]

	Intel
	If DCI 2_0 is configured with channel occupancy duration indication (or SFI) and available RB set indication, the validation of CSI-RS is determined only based on DCI 2_0.
If such requirement of DCI 2_0 is not met, we may use other DL signals/channels for the validation of CSI-RS.

	Samsung
	In general, UE can assume that P/SP-CSI-RS resource is valid if UE detects any other DL signals/channel (e.g., SSB, PDCCH, PDSCH) that is located at least at the same resource of CSI-RS. Additionally, when UE receives DL assignment in slot n scheduling PDSCH transmission in slot n+k0. UE can also assume that SP/P-NZP-CSI-RS in a set of slots n to n+k0 is valid. This rule can be applicable for both LBE and FBE.

	Qualcomm
	If COT duration is configured, this is the natural way to validate P-CSI-RS.
Other DL signals, such as PDSCH, cover the time span of CSI-RS can be used for validation, but this is opportunistic and may not be a reliable approach to validate.
SSB detection is not performed regularly after initial access. This cannot be considered as a mechanism to validate CSI-RS.

	OPPO
	When DCI 2_0 is configured and it contains COT duration information either by SFI or COT duration for LBE, UE validates the P/SP-CSI-RS only when they are inside COT. When DCI 2_0 is not configured we can adopt other rules. 

	vivo
	Agree that SFI could be used to validate P/SP-CSI-RS if configured.
If SFI is not configured, the following could be used:
· The CSI-RS resource is inside a COT as indicated by DCI 2_0 (If SFI is optional in DCI 2_0, otherwise no need)
· A PDSCH is scheduled in the same slot as the CSI-RS resource
· QCLed SSB is detected in the same slot as the CSI-RS resource


	Apple
	We shared the same view as Qualcomm. Additionally, the validation should be applied for any type/purpose CSI-RS, including CSI-IM as well (i.e. ZP-CSI-RS and NZP-CSI-RS)
· Note that, as Qualcomm commented, using SSB as validation source is NOT feasible for UE, simply due to the processing time budget. For NR-U, we reuse the processing timeline for CSI reporting defined as in Rel-15. However, SSB validation requests additional processing time and not possible to keep reusing legacy processing time. 
· Using DCI format 2_0, either SFI or COT-SI if configured, is a nature way to validate CSI-RS and we are supportive. 
· Regarding the potential collision between dynamic PUSCH addressed to other UE and P/SP-CSI-RS occasion with a COT as commented by Ericsson, there is no way for UE to figure it out but can be easily filtered out when gNB processes the CSI reporting from UE as gNB knows the exact status between CSI-RS and dynamic granted PUSCH. 
· Using DL scheduling is also feasible. However, should be clearly captured the CSI-RS between PDCCH and scheduled PDSCH. 

In addition, we prose also extend this to validate SPS PDSCH due to same considerations 

	NTT DOCOMO
	Share similar view with LGE. 
When the UE is not configured to monitor DCI format 2_0, following cases can be assumed for the validation of P/SP-CSI-RS.
· When a PDSCH is scheduled in the same slot
· When a SSB or PDCCH is detected in the same slot



Q2: Under which conditions shall the UE assume that aperiodic CSI-RS are present and used for measurement purposes?
	Proposal:
· Aperiodic CSI-RS and its triggering DCI are transmitted within a same COT. 
· validates SP/P-NZP-CSI-RS in a set of slots n to n+k0 

Please provide your view on the proposals, and list additional condition(s) if necessary.

	Company
	Comment

	LG Electronics
	The second bullet seems irrelevant with aperiodic CSI-RS.
For the first bullet, it is seen as gNB’s behavior if aperiodic CSI-RS and triggering DCI are transmitted in the same RB set. However, from UE perspective, I’m wondering if we need more than the agreed TP in the previous meeting that “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”. In other words, UE does not need to know whether aperiodic CSI-RS and its triggering DCI are within the same COT or not, but need to check DCI format 2_0 whether triggered CSI-RS is transmitted over whole configured RB sets or not.

	MediaTek
	UE can assume the triggered aperiodic CSI-RS is always present if DCI format 2_0 is not configured to be monitored.

	Nokia, NSB
	In our opinion, aperiodic CSI-RS are always valid when triggered. 

	ZTE, Sanechips
	Only when aperiodic CSI-RS is within COT, UE assume it is present and used for measurement purposes.

	Ericsson
	Agree with Nokia.
This is a gNB implementation issue. No spec impact is foreseen.

	Huawei, HiSilicon
	It is reasonable that Aperiodic CSI-RS and its triggering DCI are transmitted within the same DL burst. 
Not clear the relationship between “validates SP/P-NZP-CSI-RS in a set of slots n to n+k0” and aperiodic CSI-RS

	Intel
	This can be done by gNB implementation. There is no spec impact.

	Samsung
	Agree with Nokia. UE assume that aperiodic CSI-RS are always valid when triggered.

	Qualcomm
	Agree with Nokia

	OPPO
	Agree with Nokia

	Sharp
	Agree with Nokia

	vivo
	Agree with Nokia

	Apple 
	Agree with Nokia. From UE perspective, it always assume that aperiodic CSI-RS are valid when triggered.

	NTT DOCOMO
	Agree with Nokia



Measurement across transmission bursts
Q3: What is your view on the following proposals?
	LG:
· For CSI interference measurement based on NZP-CSI-RS, UE is not required to average CSI interference measurements across serving cell’s transmission bursts.

Qualcomm:
· UE expects CSI-RS for RLM to have fixed transmit power over all COTs.


	Company
	Comment

	LG Electronics
	We support Qualcomm’s proposal, to guarantee reliable measurement for RLM.
For LG’s proposal, we need to first clarify its intention. In LTE LAA, it was agreed that interference measurement for CSI is not allowed outside of the serving cell transmission periods and specified in TS 36.213 that for interference measurements, the UE shall derive the interference measurements for computing the CQI value based on only measurements in subframes with occupied OFDM symbols. One difference between LTE and NR for interference measurement is, that NR introduced interference measurement based on NZP-CSI-RS. So, our proposals consider ZP-CSI-RS based interference measurement same as LTE LAA but NZP-CSI-RS based interference measurement similar to channel measurement since transmission power for NZP-CSI-RS can be different per each DL burst. To summarize,
· For CSI interference measurement based on ZP-CSI-RS, UE is not allowed to perform interference measurement outside serving cell’s transmission burst.
· For CSI interference measurement based on NZP-CSI-RS, UE is not required to average CSI interference measurements across serving cell’s transmission bursts.

	MediaTek
	Agree with both LG’s and QC’s proposals.

	Nokia, NSB
	We are OK with both proposals.  However,  what is burst in NR-U is not so clear yet. We need to resolve first the validation (Q1) which is in fact definition of DL burst. 

	ZTE, Sanechips
	Agree with these two proposals from LG and Qualcomm.


	Ericsson
	On Qualcomm’s proposal, as long as p-CSI-RS can be validated (as discussed in Q1), under what circumstances would the CSI-RS not have the same Tx power in each instance of the periodic CSI-RS? We don’t see a need to specify anything here. Also, it seems like a poor gNB implementation if the Tx power would vary.

On LG’s proposal, we understand that the intention is to introduce a rule for interference measurement that is parallel to the rule we agreed for channel measurement previously. However, it seems that we can make use of existing tools in NR Rel-15 without introducing new behavior (assuming we agree on a validation rule addressed in Q1):
· Configure time domain measurement restriction for channel measurements based on NZP-CSI-RS
· This avoids the UE averaging over multiple instances (bursts) of NZP-CSI-RS – see illustration in Section 1.1.1 of this document (taken from vivo’s contribution)
· Configure time domain measurement restriction for interference measurements based on CSI-IM
· This avoids the UE averaging over multiple instances (bursts) of CSI-IM

	Huawei, HiSilicon
	For LG’s proposal, it is similar as the discussion in section 2.1. The validation rule for CSI-RS resource should be applied to both ZP-CSI-RS and NZP-CSI-RS. It should be further clarified that the interference measurement on valid ZP-CSI-RS on different DL bursts can be averaged.
For Qualcomm’s proposal, it should be clarified what is the fixed power UE should assume. Is it the PSD of the maximum bandwidth of active BWP or the PSD assuming only RB set where RLM RS is transmitted? 

	Intel
	Agree with the proposals in principle. How to draft the corresponding TP needs further discussions.

	Qualcomm
	Support both proposals.
For our proposal, we are talking about the UE assumes the transmit power or PSD of the RLM-RS is not changing. When gNB transmitted DL signal, depends on LBT outcome, it is possible sometimes 20MHz are used and sometimes 80MHz are used. For PDSCH, the power can change burst by burst, given total power limitation, but the REs carry RLM-RS should be of fixed power, as RLM UE may not even detect COT 2_0 say if the SNR is very low.

	Sharp
	Support both proposals.

	Apple
	We support the proposal from Qualcomm considering the fact that RAN2 agreed to reuse the Rel-15 L3 filtering operation for RLM measurement, which effectively averages the L1 samples across different bursts. If the actual transmission power of RLM-RS is varied across burst and averaging operation is still conducted at UE side, the RRM measurement function is sort of broken. Also, this agreement is needed as we previously agreed the following for CSI measurement:  
	Agreement:
A UE shall not average CSI-RS measurements for channel estimation across different transmission bursts from the UE's perspective.



Our understanding on the motivation of this agreement is that transmission power of CSI-RS can be varied across different transmission bursts e.g. due to the number of CCs passing LBT can be changed as in LAA. Then, it is unclear whether this rule is also applied for RLM-CSI-RS. Qualcomm proposal addresses this concern and make the situation clear. 

We are also supportive for LG’s proposal. However, this kind of operation should be captured from UE perspective. The current proposal context seems to talk from gNB/system point of view. This maybe somehow related to Issue 2.3 below. 


	NTT DOCOMO
	Support both proposals


Correction of 38.214 to reflect prior agreement from UE's perspective
Q4: What is your view on the proposal / TP below?
	Previous agreement (from RAN1#99):
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

MediaTek and Samsung pointed out that currently, 38.214 refers to 37.213, where the transmission burst is defined from a gNB's perspective instaed of UE's perspective. TPs have been submitted to correct 38.214 accordingly.
TP by MediaTek
For operation with shared spectrum channel access, the UE should not may average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS 37.213]). if:
· all occasions are indicated by DCI format 2_0 as being within remaining channel occupancy duration and no duration of more than 16us in between the occasions is not within remaining channel occupancy duration, or
· all occasions are not within remaining channel occupancy duration and no duration in between the occasions is indicated by DCI format 2_0 as being within remaining channel occupancy duration.  

TP by Samsung
For operation with shared spectrum channel access, the UE should not average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS37.213])  which satisfies any of the following conditions
    - gap among the different DL transmissions is greater than  if the UE does not detect a DCI 2_0 that indicates a channel occupancy duration which overlaps the occasions of the NZP CSI-RS
- the DL transmissions are in different detected channel occupancy durations.

Please provide your view whether such a change is needed in principle. Exact wording can be discussed after 24 April, if there is consensus on having a change, potentially in conjunction with other updates as applicable from Q1-Q3 discussion.

	Company
	Comment

	LG Electronics
	In our opinion, such a change is needed to describe CSI measurement behavior from UE perspective.

	MediaTek
	Correction is necessary. However, how UE determines the DL transmission bursts would be an issue.

	Spreadtrum
	The DL transmission burst may be defined from UE’s perspective. As mentioned in the following wording in 37.213, UE should know the DL transmission burst:
-	A UE may transmit UL transmission burst(s) after DL transmission burst(s) within the channel occupancy time as follows:
-	If the gap between the UL and DL transmission bursts is at most ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time without sensing the channel.
-	If the gap between the UL and DL transmission bursts is more than ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time after sensing the channel to be idle for at least a sensing slot duration  within a  interval ending immediately before transmission.

	Nokia, NSB
	We believe that wording depends on outcome of CSI-RS validation discussion (Q1) because CSI-RS are validated in DL burst . Then when we know how  UE identifies burst without DCI 2_0, we can better describe it, as per above TPs.

	ZTE, Sanechips
	It it reasonable to change the description of  CSI measurement behavior from gNB perspective to UE perspective.

	Ericsson
	We agree with Nokia, that the validation rule needs to be established first. Then, it may not be necessary to specify anything else further. As we mention in Q3, Rel-15 tools on time domain measurement restriction can be used to avoid averaging across multiple bursts, and this is defined already from a UE perspective.
The above TPs have a flaw since they assume that p/sp-CSI-RS is validated if they fall within a signaled channel occupancy duration. However, this is not the proper condition, as we mention in our response in Q1. A signaled channel occupancy duration can include an uplink portion, so just because a CSI-RS falls within a signaled channel occupancy, it doesn’t mean that the symbols occupied by the p/sp-CSI-RS are classified as ‘D.’

	Huawei, HiSilicon
	Theoretically it is a valid comment. But it seems not easy for a UE to determine whether there will be any gap larger than 16us, especially when SFI is not given.

	Intel
	Agree with the intention of the proposal. Exact wording for the TP needs further discussions.

	Samsung
	Correction is necessary. As pointed out by Nokia, this could be discussed once after defining CSI-RS validation rule in Q1.

	Qualcomm
	Agree with HW observation that it is difficult for UE to figure out the non-existence of more than 16us gap.

	Sharp
	Clarifications of those conditions for CSI measurement from the UE perspective are necessary.

	vivo
	Correction is necessary.

	Apple
	We support this proposal in principle, i.e. defining this from UE perspective. Exact working can be further refined. 
As commented earlier in issue 2.1, we have different view with Ericsson regarding the impacts of UL transmission within a COT for validating of CSI-RS. We do not see this as one issue. 

	NTT DOCOMO
	 Agree with Nokia



Summary of Discussion and Suggestions
Validation of CSI-RS
Q1: Under which conditions shall the UE assume that periodic or semi-persistent CSI-RS are present and used for measurement purposes?
A suggestion that emerged during the last day of the email discussion is as follows:
Proposal
For operation with shared spectrum channel access, if the UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot, and if the UE does not detect a DCI format indicating to the UE that the set of symbols are downlink symbols or contain downlink transmission(s), the UE cancels the CSI-RS reception in the set of symbols in the slot.
There is ongoing discussion on this proposal, and it is possible that not every company had a fair chance to review this proposal. Therefore FL suggests to allow further discussion until Monday (27 April) whether consensus on this issue can be achieved; otherwise it is suggested to not further discuss the issue within RAN1#100bis-e.


Q2: Under which conditions shall the UE assume that aperiodic CSI-RS are present and used for measurement purposes?
There seems to be consensus on the following:
Proposal
Aperiodic CSI-RS are always valid when triggered.
Measurement across transmission bursts
Q3: What is your view on the following proposals?
	LG:
· For CSI interference measurement based on NZP-CSI-RS, UE is not required to average CSI interference measurements across serving cell’s transmission bursts.

Qualcomm:
· UE expects CSI-RS for RLM to have fixed transmit power over all COTs.




There is ongoing discussion about both proposals.
While there seems to be no technical disagreement that it is beneficial that CSI-RS for RLM have fixed transmit power over all COTs, it is being disputed if this aspect needs to be specified as it could be left to gNB's implementation.
Regarding CSI interference measurements, so far no consenus is achieved, it seems that further discussion is necessary on the need and technical details; however some progress in the discussion is observed.
FL suggests to allow further discussion on CSI interference measurements until Monday (27 April) whether consensus on this issue can be achieved; otherwise it is suggested to not further discuss the issue within RAN1#100bis-e.
Correction of 38.214 to reflect prior agreement from UE's perspective
Q4: What is your view on the proposal / TP below?
	Previous agreement (from RAN1#99):
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

MediaTek and Samsung pointed out that currently, 38.214 refers to 37.213, where the transmission burst is defined from a gNB's perspective instaed of UE's perspective. TPs have been submitted to correct 38.214 accordingly.
TP by MediaTek
For operation with shared spectrum channel access, the UE should not may average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS 37.213]). if:
· all occasions are indicated by DCI format 2_0 as being within remaining channel occupancy duration and no duration of more than 16us in between the occasions is not within remaining channel occupancy duration, or
· all occasions are not within remaining channel occupancy duration and no duration in between the occasions is indicated by DCI format 2_0 as being within remaining channel occupancy duration.  

TP by Samsung
For operation with shared spectrum channel access, the UE should not average CSI-RS measurements for channel estimation from occasions of an NZP CSI-RS (defined in [4, TS 38.211]) located in different DL transmissions burst (defined in [X, TS37.213])  which satisfies any of the following conditions
    - gap among the different DL transmissions is greater than  if the UE does not detect a DCI 2_0 that indicates a channel occupancy duration which overlaps the occasions of the NZP CSI-RS
- the DL transmissions are in different detected channel occupancy durations.



There seems to be consensus on the following:
Proposal
Average CSI-RS measurements specification text needs to be changed from gNB's perspective to UE's perspective. Discuss related TP after Q1 issue is resolved.
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