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CSI-RS validation
Note: Items regarding CSI-RS in DRS, are discussed and summarised separately. 
vivo (R1-2003368)
In NR Rel-15, UE could be configured with periodic/semi-persistent CSI-RS associated with CSI reporting. For each CSI reporting, one CSI reference resource will be defined, i.e. nCSI_ref slots before the CSI reporting slot. nCSI_ref depends on SCS setting and number of configured CSI-RS resource(s). For example, assuming SCS is 15KHz for both DL and UL, and only one CSI-RS resource is configured, nCSI_ref is the smallest value greater than or equal to 4 such that it is a valid DL slot. 
As shown in Figure 3(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 3(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: ]
[bookmark: _Ref16615050]Figure 3   Periodic CSI-RS transmission and CSI reporting
However, for NR-U, 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 a CSI-RS transmission is configured by higher layer (i.e. periodic/semi-persistent), the CSI-RS transmission is cancelled. From UE side, it only assumes that a periodic/semi-persistent CSI-RS transmission occupying symbol(s) indicated as DL by SFI is valid when SFI is configured. From gNB side, it will indicate the CSI-RS symbol(s) as DL when it can guarantee that a CSI-RS transmission occasion can be performed successfully (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 a CSI-RS transmission is present when a PDSCH is scheduled within the same slot. Third, as discussed in [4], UE will assume the CSI-RS is transmitted when the QCLed SSB is detected within the same slot.
[bookmark: _Ref37100863][bookmark: _Ref37168385]Proposal 5: Besides SFI based UE behavior in NR Rel-15, UE will assume periodic/semi-persistent CSI-RS is present when at least one of the following conditions is met:
· Being Indicated within a COT by DCI format 2_0;
· A PDSCH is scheduled within the overlapping symbols of CSI-RS;
· QCLed SSB is detected within the same slot.

ZTE (R1-2003448)
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 receive periodic/semi-persistent CSI-RS as well as SPS PDSCH. We believe that if UE confirms that configured CSI-RS resources fall into a DL transmission burst, it needs to receive CSI-RS.
There are several cases for discussion, provided that SFI-index is configurable in DCI format 2_0 as proposed in section 2.4. If RAN1 does not agree that SFI field can be configured in DCI format 2_0, the following cases can be combined (Case 1/2/3, Case 4, Case 5).
· Case 1. The UE is not configured to detect a DCI format 2_0
· Case 2. The UE detects a DCI format 2_0 without SFI and without COT
· Case 3. The UE detects a DCI format 2_0 without  SFI and with COT
· Case 4. The UE detects a DCI format 2_0 with SFI and without  COT
· Case 5. The UE detects a DCI format 2_0 with SFI and with COT
For Case 1 and Case 2, other validation mechanism can be considered, at least include:
· A PDSCH is scheduled in the same slot as the CSI-RS resource
· QCLed SSB or a PDCCH is detected in the same slot as the CSI-RS resource
For Case 3, if validation conditions in Case 1 and 2 are not meeting, although the UE has detected a DCI format 2_0 with COT indication and then known the set of symbols of the slot are in the COT, it is still not enough to validate the P/SP-CSI-RS, as slot format information is missing. Therefore, the following description in TS 38.213 is still reasonable for NR-U.
//---------------------------------------------  Clause 11.1.1 of TS 38.213 -------------------------------------------------
For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
-   	....
-  	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE does not receive the PDSCH or the CSI-RS in the set of symbols of the slot
//------------------------------------------------------- End ----------------------------------------------------------------------
For Case 4 and Case 5,  the UE has detected a DCI format 2_0 with SFI index, then it can use current Rel-15 NR mechanism to determination the validation of PDSCH and CSI-RS.
//---------------------------------------------  Clause 11.1.1 of TS 38.213 -------------------------------------------------
For a set of symbols of a slot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	  ....
-  	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink
//------------------------------------------------------- End ----------------------------------------------------------------------
Proposal 5: There are several cases for discussion on P/SP-CSI-RS validation, provided that SFI-index is configurable in DCI format 2_0 as proposed in section 2.4. 
· Case 1. The UE is not configured to detect a DCI format 2_0
· At least the following validation mechanism can be considered
·  A PDSCH is scheduled in the same slot as the CSI-RS resource
·  QCLed SSB or a PDCCH is detected in the same slot as the CSI-RS resource
· Case 2. The UE detects a DCI format 2_0 without SFI and without COT
· Same as Case 1
· Case 3. The UE detects a DCI format 2_0 without SFI and with COT
· Same as Case 1
· Otherwise, reuse Rel-15 NR CSI-RS validation mechanism. Even though COT indication can help the UE to know the set of symbols of the slot are in the COT, it is still not enough to validate P/SP-CSI-RS as slot format information is missing.
· Case 4. The UE detects a DCI format 2_0 with SFI and without  COT
· Reuse Rel-15 NR CSI-RS validation mechanism.
· Case 5. The UE detects a DCI format 2_0 with SFI and with COT
· Reuse Rel-15 NR CSI-RS validation mechanism.

Huawei (R1-2003510)
In RAN1#100bis-e [1], the CSI-RS validation rules were discussed. Most companies agreed that when UE is not configured to monitor DCI format 2_0 and when the UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot. The remaining issue is the behaviour when COT duration indicator/available RB set indicator is configured while SFI is not configured assuming DCI format 2_0 can be configured without SFI. From our perspective, it would be risky to always assume validation of P/SP-CSI-RS within the COT duration only indicated by COT duration indicator in DCI 2_0 because the UL and gap of paused COT are also covered in the COT duration. Other DL signals/channels overlaps with P/SP-CSI-RS resource should be taken into account. 
Proposal 8: UE should not determine validation of pre-configured periodic or semi-persistent CSI-RS resource only by COT duration indicator in DCI format 2_0.

MediaTek (R1-2003654)
In RAN1#100e meeting, there was an intensive discussion on how UE validate P/SP CSI-RS reception. Due to uncertainty of channel access, it is difficult to UE to determine the presence of CSI-RS by itself. The need for blind detection of P/SP CSI-RS increases UE complexity and degrades measurement accuracy. To avoid the effort to determine whether the CSI-RS is transmitted by blind detection from UE side, validation rule should be defined for P/SP CSI-RS presence. Based on the official discussion in the thread [100b-e-NR-unlic-NRU-DL_Signals_ and_Channels-03] Email discussion on CSI-RS, we provide the following proposal: 
Proposal 6: For operation with shared spectrum channel access, when a UE is configured by higher layers to receive a CSI-RS in a set of symbols in a slot 
· Introduce a new RRC parameter XYZ-r16 
· If XYZ-r16 is configured to the UE, and the UE is not configured to monitor DCI format 2_0 that includes SFI-index field, and at least for the UE is configured with ChannelAccessType-r16 = dynamic
· When the UE is not configured to monitor DCI format 2_0, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE doesn't receive the CSI-RS in the set of symbols in the slot.
· When the UE is configured to monitor DCI format 2_0 that includes CO-duration field, if the UE does not detect a DCI format 2_0 indicating to the UE the set of symbols are within a remaining channel occupancy duration, and the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE doesn't receive the CSI-RS in the set of symbols in the slot.
· FFS: for the UE is configured with ChannelAccessType-r16 = semi-static
· Otherwise
· UE performs or cancels the CSI-RS reception in the set of symbols in the slot as in Rel-15
· Introduce a new UE capability “CSI-RS reception configured by higher layers when XYZ-r16 is not configured”
There are some points:
1. We see that when UE is configured to monitor DCI format 2_0 including SFI-index field, R15 specification already well defines how to validate P/SP CSI-RS reception based on dynamic SFI indication. Thus, it not necessary to define any new validation rule for this case.
2. It is beneficial to introduce a new RRC parameter (e.g., XYZ-r16) to let gNB has flexibility to control whether apply the new validation rule(s). However, as we mentioned above, UE would be difficult to determine the presence of CSI-RS without any newly defined validation rule. Thus, a new UE capability has to be introduced for this case. 
3. For the case if XYZ-r16 is configured to the UE and the UE is not configured to monitor DCI format 2_0, we see that one of the good candidates for validating P/SP CSI-RS reception is based on dynamically scheduled DL transmission including PDSCH and AP CSI-RS. We expect that it has less impact on UE implementation at least for CSI processing timeline. This is because the processing time required by UE for dynamically scheduled PDSCH/CSI-RS reception is already clearly defined in R15 spec, and it is natural for UE to receive P/SP CSI-RS when UE decides to receive the scheduled DL transmission on the same symbols. In precious meeting, some companies proposed to validate P/SP CSI-RS reception based on SSB/PDCCH/PDSCH detection, i.e., receives CSI-RS in a set of symbols if UE detects SSB/PDCCH/PDSCH in the set of symbols; otherwise, cancel the CSI-RS reception in the set of symbols. However, the UE processing time for detecting SSB/PDCCH/PDSCH will be taken into account in the CSI processing timeline, and it will pose a risk if spec doesn’t well define the UE required processing time for the new behavior. Thus, from UE’s perspective, validating P/SP CSI-RS reception based on SSB/PDCCH/PDSCH detection is not preferred. 
4. For the case if XYZ-r16 is configured to the UE and the UE is configured to monitor DCI format 2_0 including CO-duration field (SFI-index is not present), it is natural to cancel P/SP CSI-RS reception when the P/SP CSI-RS symbols are not fully located within an indicated remaining channel occupancy duration and no DL reception is scheduled on the P/SP CSI-RS symbols.
5. The validation rules in this proposal could be used at least for LBE. For FBE, detection of DL channel or signal could be used to validate the entire COT configured by FFP. However, since RAN1 doesn't have any agreement and specification on determining a remaining channel occupancy duration based on the configured FFP and detection of DL channel or signal, the P/SP CSI-RS validation for FBE UE could be further discussed after related agreement and specification are made.

Ericsson (R1-2003840)
Configurations of periodic non-zero-power CSI-RS (NSP-CSI-RS) are used in NR for various purposes including for time and frequency tracking and for channel estimation. This is complemented by the ability to provide aperiodic CSI-RS to the UE triggered via DCI 0_1.
Operation of NR requires detection of various signals and channels. For example, detection of SSB is needed for cell search, detection of PDCCH is needed to receive PDSCH assignments and detection of DM-RS in PDSCH is needed to receive semi-persistent PDSCH. In each of these cases, the detection process has sufficient reliability due to the signal structure and in some cases due to the presence of a CRC to check for correct decoding of a message. Periodic NZP-CSI-RS are typically assumed to be transmitted by the gNB in the configured occasions in licensed spectrum so that there is no need for the UE to perform any additional detection to confirm the presence or absence of the signal. 
When operating in shared spectrum, there are two challenges that must be overcome for the reception of periodic signals such as the NZP-CSI-RS
· The gNB needs to share the channel with other devices and hence may not be able to transmit on the channel at any given time
· When the gNB does transmit on the channel, it needs to be able to allocate resources to uplink or downlink flexibly to ensure good performance and meet requirements for accessing the channel

The consequence of the above is that the UE can never be sure if the gNB is transmitting periodic NZP-CSI-RS or not at any particular time, unlike in licensed spectrum, since channel occupancies can start and end at any time. We discuss in the following how the system can operate under these circumstances.
Let us consider the purposes for which the CSI-RS will be used. Here, we can consider two categories, the first being CSI measurements that are reported back to the network and the second being CSI measurements used for tracking of time and frequency by the UE. For the former, we note that NR provides the mechanism of a measurement restriction so that any particular report from the UE can be associated with a single CSI-RS transmission occasion. Therefore, for measurements, since the gNB knows when it transmitted, it can ensure that measurement reports only from valid occasions are considered so that there is no adverse effect on performance. To ensure that the UE does not unnecessarily process too many reports wastefully that will not be used by the network, aperiodic reporting can be used so that the gNB only requests a report when it is able to transmit the CSI-RS.
For CSI-RS for tracking, it should first be noted that the use of these CSI-RS occasions is purely up to UE implementation. That is, every CSI-RS that the gNB transmits for this purpose need not be used by the UE. Secondly, is important to note that tracking via CSI-RS is mainly important for higher order modulations. And this can be achieved by relying mostly on aperiodic CSI-RS for tracking that are supplied to the UE whenever the UE is scheduled. That is, the initial time and frequency estimates obtained by the UE from the SSBs can be used to initiate UE-specific transmissions to the UE with lower order modulations with aperiodic CSI-RS being provided to the UE in these initial slots. The UE can then be scheduled with higher order modulations and data rates. For UEs that are scheduled frequently, aperiodic CSI-RS would ensure good operation of the system. Periodic CSI-RS are necessary still to configure for QCL purposes, but these can be configured sparsely and the UE can conservatively validate these only when they are received with other signals that the UE can reliably detect, e.g., CSI-RS that are configured along with SSBs or aperiodic CSI-RS triggers indicating aperiodic CSI-RS resources in the same symbols as the periodic CSI-RS configuration.
Thus, we can see from the above, that there are deployments and configurations possible so that the sytem can be operated without any issues for the gNB or the UE. However, to provide a little more flexibility in system operation, mechanisms to validate when CSI-RS are present (mainly important for tracking) and when they are not may be useful. Such validation of CSI-RS is already possible as per current specifications in many deployments and scenarios including the following.
· Cells with only DL where CO-duration is provided via DCI 2_0: Reception of an indication of the set of symbols for CSI-RS being within a channel occupancy duration on a cell configured only for DL
· Cells where SFI information is provided via DCI 2_0: Reception of information via DCI 2_0 that the set of symbols for CSI-RS are assigned to DL transmissions
· Controlled environments without any interfering networks: All periodic CSI-RS occasions can be considered valid

For other cases, if validation is desired, it is important to note that the only definitive way in which a UE can determine whether CSI-RS in a set of symbols has been transmitted is to be able to detect if there have been any DL transmissions in those symbols, i.e., whether these symbols are part of a DL transmission burst. And this can be achieved in multiple ways in different scenarios including 
· Detection of the NZP-CSI-RS, e.g., when SINR is adequate
· Detection of a PDSCH in symbols including the set of symbols for CSI-RS with a successful CRC check
· Detection of DMRS of a PDSCH in symbols including the set of symbols for CSI-RS
· Detection of SSBs in symbols including the set of symbols (an exception could potentially be made for SSB to also allow as subset of symbols) for CSI-RS

Given all of the above, it is clear that there are many options at the gNB and the UE to ensure CSI-RS reception can be achieved reliably with there being quite a bit of variability based on deployment scenarios and configurations as well. Therefore, it is essential that options are not unnecessarily limited. 
Considering the current specifications, the only area that could benefit from being addressed is the reception of CSI-RS for tracking. Here, there are already validation methods when DCI format 2_0 with SFI is configured to the UE. For other cases, where currently the UE will receive CSI-RS for tracking assuming it is guaranteed to be transmitted, it would be beneficial to provide some configurability to inform the UE that it cannot assume such a guarantee. We therefore propose the following where it should be noted that detection of DL transmission symbols includes any of the methods discussed above including deriving information from SFI or CO-duration (for DL-only cells) where applicable. 
 
[bookmark: _Toc40366260][bookmark: _Toc40476113]Introduce an RRC parameter, ControlConfiguredDL-r16, to control reception of CSI-RS for tracking configured by higher layers. When the parameter is configured to the UE, the UE is not expected to receive CSI-RS for tracking in a set of symbols if DL transmissions are not detected in the set of symbols. Adopt the following text proposals for TS38.213

[bookmark: _Toc40476114]----------------- Begin TP, Section 11.1, TS 38.213 ----------------------
If a UE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format or a RAR UL grant 
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS, or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot. 
If the UE is provided ControlConfiguredDL-r16
· For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to receive a CSI-RS for tracking in a set of symbols of a slot, the UE is not expected to receive the CSI-RS if the UE does not detect transmissions from the serving cell in the set of symbols of the slot
For operation on a single carrier in unpaired spectrum, 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 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, after a number of symbols that is smaller than the PUSCH preparation time [image: ] for the corresponding UE 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 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 
[bookmark: _Toc40476115]----------------- End TP, Section 11.1, TS 38.213 ----------------------

[bookmark: _Toc40476116]----------------- Begin TP, Section 11.1.1, TS 38.213 ----------------------
For a serving cell that is included in a set of serving cells configured to a UE by slotFormatCombToAddModList and slotFormatCombToReleaseList, fFor a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format or a RAR UL grant
-	the UE receives PDCCH as described in Clause 10.1
-	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE does not receive the PDSCH or the CSI-RS in the set of symbols of the slot
-	if the UE is configured by higher layers to receive DL PRS in the set of symbols of the slot, the UE receives the DL PRS
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is not provided EnableConfiguredUL-r16, the UE 
-	does not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit the SRS in symbols from the set of symbols in the slot, if any, starting from a symbol that is after PUSCH preparation time [image: ] for the corresponding PUSCH timing capability [6, TS 38.214] assuming [image: ] after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0 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
-	does not expect to cancel the transmission of the SRS, or the PUCCH, or the PUSCH, or the PRACH in symbols from the set of symbols in the slot, if any, starting before a symbol that is after the PUSCH preparation time [image: ] for the corresponding PUSCH timing capability [6, TS 38.214] assuming [image: ] after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and [image: ] corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0 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
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is provided EnableConfiguredUL-r16, the UE can transmit the SRS, or PUCCH, or PUSCH, or PRACH, respectively.
[bookmark: _Toc40476117]----------------- End TP, Section 11.1, TS 38.213 ----------------------

Samsung (R1-2003858)
According to current specification, a UE should assume existence of higher layer configured DL signal/channel (e.g., periodic CSI-RS, SPS PDSCH, etc.) outside of gNB’s channel occupancy. If the UE assume the existence for TRS or periodic CSI-RS for channel measurement, the UE’s tracking performance and CSI reporting quality can be severely affected. Similarly, if the UE assumes the existence for SPS PDSCH outside of gNB’s channel occupancy, the UE would waste power for decoding SPS PDSCH unnecessarily. Moreover, the UE will transmit HARQ-ACK, which is waste resource in UE perspective as well as in system perspective. To address this issue, SFI validation rule in Rel-15 can be used as a baseline if configured. That is, UE assumes those DL signals/channels are transmitted if the occasions are indicated as DL symbols by a detected SFI. 
One potential issue for the Rel-15 SFI validation rule is the application on the indicated slots or symbols outside of the COT. In our view, we think it is beneficial to ignore the SFI outside of COT since those slots/symbols are not guaranteed. Consequently, SFI outside of COT should not be used to validate the presence of any DL transmission outside of COT. 
A related issue is the semi-static slot format configuration interpretation outside of COT. Follow the same logic, a DL symbol indicated by a semi-static slot format should not be used to validate any DL transmission if the symbol locates outside of COT. On the other hand, available information related to gNB’s CO should be utilized to validate the reception of such DL signals and channels. In particular, the UE assumes those DL signals/channels are transmitted if the occasions are fully overlapped with a CO duration indicated by a DCI 2_0, if configured, or a DL transmission burst identified from the UE’s perspective, or with a duration when the timer introduced for search space set switching is running. Additionally, it is reasonable to assume that for a duration of PDSCH scheduled by a DCI UE can assume DL signals/channels are transmitted in the duration if a gap between the DCI and PDSCH is less than . From gNB point of view, it is also reasonable to transmit a DCI and the scheduled PDSCH within the same COT. Consequently, UE can assume DL signals/channels are transmitted if the occasions are overlapped within a duration between a DCI and the scheduled PDSCH. For FBE, due to the one-shot LBT nature and fixed transmission duration in FBE mode, it is reasonable for UE to assume a DL transmission configured by higher layer is transmitted if the DL transmission occasion is within a transmission duration where any DL transmission is detected.
Proposal 4: When a UE detects an SFI providing a format in a slot, the UE assumes periodic CSI-RS and/or SPS PDSCH is transmitted in the slot if the occasions for those signals/channels in the slot are indicated as DL symbols by the SFI and the occasions are fully overlapped with an indicated remaining CO duration, if configured. Otherwise, the UE assumes periodic CSI-RS and/or SPS PDSCH is 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

Spreadtrum (R1-2004002)
In RAN1#100bis-e, the validation of CSI-RS was widely discussed. Companies focused on the validation of CSI-RS when DCI format 2-0 is not configured or COT-related information is not configured, e.g. SFI field. We are open to solve the validation of CSI-RS in these scenarios. 
But as emphasized before, the validation of CSI-RS in DRS (the discovery burst) should draw equal or more attentions, otherwise UE will not measure the CSI-RS in DRS in risk or gNB is unwilling to send them correspondingly. 
It should be kept in mind that only CSI-RS in DRS can use high priority LBT, i.e. Cat 2 LBT. It is important for UE to utilize the stable CSI-RS measurement especially in network congestion or heavy co-existence among different unlicensed RATs. Again, we remind that DCI format 2-0 cannot be used for the validation of CSI-RS in DRS, because DCI format 2-0 is not part of DRS and needs Cat 4 LBT definitely, as shown in 37.213.
	-    A discovery burst refers to a DL transmission burst including a set of signal(s) and/or channel(s) confined within a window and associated with a duty cycle. The discovery burst can be any of the following:
-    Transmission(s) initiated by an eNB that includes a primary synchronization signal (PSS), secondary synchronization signal (SSS) and cell-specific reference signal(s)(CRS) and may include non-zero power CSI reference signals (CSI-RS).
-    Transmission(s) initiated by a gNB that includes at least an SS/PBCH block consisting of a primary synchronization signal (PSS), secondary synchronization signal (SSS), physical broadcast channel (PBCH) with associated demodulation reference signal (DM-RS) and may also include CORESET for PDCCH scheduling PDSCH with SIB1, and PDSCH carrying SIB1 and/or non-zero power CSI reference signals (CSI-RS).


It should be noted that in the initial access signal/channel topic of NR-U, companies and FL had conclusion to discuss the validation of CSI-RS in DRS in the DL topic of NR-U. Therefore, the validation of CSI-RS in DRS cannot be excluded in the discussion of the validation of CSI-RS in DRS.
In our companion contribution [2], the validation of CSI-RS in DRS is discussed.

Proposal 3: The validation of CSI-RS in DRS should be discussed together with the validation of CSI-RS.

LG (R1-2004011)
Regardless of above 3 cases, CSI-RS validation rule needs to be defined for the case where DCI format 2_0 is not configured. One discussion point brought up in RAN1#100bis-e was that Rel-15 UE behaviour even for this case can be maintained especially for a specific use case such as well-controlled network deployment scenario. This is because network can guarantee CSI-RS transmission as in licensed band as long as NR-U is deployed such that LBT is successful almost all the time. However, since UE cannot be aware of such deployment scenario, still UE needs to have CSI-RS validation rules to cope with the scenario where gNB does not configure DCI format 2_0 e.g., for non-well-controlled deployment. One way to figure out this situation would be to introduce new RRC parameter (e.g., guaranteedDL-r16). If guaranteedDL-r16 is configured as enabled (or not configured) but DCI format 2_0 is not configured, UE receives P/SP-CSI-RS as in Rel-15. On the other hand, if guaranteedDL-r16 is configured as disabled but DCI format 2_0 is not configured, we need to define a rule for CSI-RS validation considering the burden of UE implementation for blind detection of P/SP-CSI-RS. As discussed in RAN1#100bis-e, the presence of P/SP-CSI-RS can be confirmed if DL signal/channels are scheduled for the set of resources corresponding to P/SP-CSI-RS. However, P/SP-CSI-RS validation relying on SSB or PDSCH DM-RS (within the same slot) should be avoided considering UE implementation complexity.

Proposal #9: Introduce a new RRC parameter guaranteedDL-r16 to validate the presence of P/SP-CSI-RS if DCI format 2_0 is not configured.
· If DCI format 2_0 is not configured,
· If guaranteedDL-r16 is configured as enabled (or not configured), UE receives P/SP-CSI-RS following the rule defined in Rel-15 for the case where DCI format 2_0 is not configured.
· If guaranteedDL-r16 is configured as disabled,
· When the UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot.

Apple (R1-2004214)
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. 

There were extensive discussions on this issue in the RAN1 #100bis e-meeting but no conclusion was made. In light of discussions, for CSI-RS reception (P-TRS, P-CSI-RS for LA, and in general), there seems have a largely a common understanding that gNB will provide transmission indication which UE could use to validate CSI-RS at a given occasion. However, different cases need to be considered to figure out a complete solution. Due to limited time of last meeting, it was deferred to the RAN1 #101 meeting. 

In general, two cases exist for CSI-RS reception validation depending on whether at least one of {SFI index, COT duration index} is configured for DCI format 2_0 as detailed in the following: 
· Case 1: DCI 2_0 is configured with at least one of {SFI index, COT duration index} 
· If SFI field is present
· use SFI index, a.k.a the R15 approach
· else
· use COT duration index, so that UE can cancel P/SP-CSI-RS/CSI-IM/SPS PDSCH reception unless all of the symbols are confined within the indicated COT duration. 
· Note that, SFI index takes precedence over COT duration in determining CSI-RS presence.
· (Case 2) Else
· if a new RRC parameter is introduced and configured, 
· use DCI format scheduling PDSCH transmission, so that UE can cancel P/SP-CSI-RS/CSI-IM reception unless all of the CSI-RS symbols are confined within the PDSCH time domain allocation.
· Otherwise, 
· UE is expected to receive P/SP-CSI-RS/CSI-IM/SPS PDSCH.


For Case 1 with DCI 2_0 being configured, it seems sufficient to use either SFI index IE or COT duration index to determine the COT duration and validate the CSI-RS resource correspondingly. One solution brought up in last meeting for Case 1 is to use DCI format scheduling PDSCH grant so that UE can cancel P/SP-CSI-RS/CSI-IM reception unless all of the CSI-RS symbols are confined within the PDSCH time domain allocation. It may be useful for the case when DCI 2_0 is configured but not detected by UE for whatever reason to validate the CSI-RS, we are open to discuss this rule.  

For Case 2, as mentioned in earlier context, we are open to discuss the need of a new RRC parameter to provide flexibility to gNB scheduler and address the concern about the control signalling overhead caused by using dynamic PDSCH as validation resource. If the corresponding RRC parameter is not configured in Case 2, UE is expected to receive P/SP-CSI-RS/CSI-IM/SPS PDSCH. 

There is another validation mechanism brought up in the RAN1 #100bis e-meeting to use SPS PDSCH to validate CSI-RS if DCI 2_0 is not configured. It is our view that SPS PDSCH is another type of semi-statically configured transmission. Similar to P-CSI-RS/P-TRS transmission, it by itself isn’t quite suitable in genuine unlicensed spectrum operations due to LBT requirement (not the licensed-like use case). All semi-statically configured transmissions (including SPS PDSCH, P-CSI-RS/P-TRS) shall be treated with similar UE behavior with validation rules. We don’t see a strong reason to use detection of one configured RS (SPS PDSCH DM-RS) to validate another configured RS (P-CSI-RS/TRS), except for some scenario where PDSCH DM-RS may provide better frequency resolution. Note that SPS PDSCH DM-RS detection isn’t required in R15 baseline either.

Based on the discussions above, the following was proposed: 

Proposal 1: 
UE assumes the presence of P/SP-CSI-RS/CSI-IM/SPS PDSCH according to the following validation rules
· If DCI 2_0 is configured with at least one of {SFI index, COT duration index} 
· If SFI field is present
· use SFI index, a.k.a the R15 approach
· else
· use COT duration index, so that UE can cancel P/SP-CSI-RS/CSI-IM/SPS PDSCH reception unless all of the symbols are confined within the indicated COT duration. 
· Else
· if a new RRC parameter is introduced and is configured, 
· use DCI format scheduling PDSCH grant and UE can cancel P/SP-CSI-RS/CSI-IM reception unless all of the CSI-RS symbols are confined within the PDSCH time domain allocation.
· Otherwise, 
· UE is expected to receive P/SP-CSI-RS/CSI-IM/SPS PDSCH.

Nokia (R1-2004255)
In RAN1#100b-e, as part of discuss [100b-e-NR-unlic-NRU-DL_Signals_and_Channels-03] the following cases were identified:
CASE1: UE is not configured with GC-PDCCH 
CASE2.1: UE is configured with GC-PDCCH with SFI but without CO-Duration
CASE2.2: UE is configured with GC-PDCCH with CO-Duration but without SFI
CASE2.3: UE is configured with GC-PDCCH with SFI and CO-Duration
CASE 1 - UE is not configured with GC-PDCCH
In RAN1#100b, we almost agreed on the following proposal
	Proposal related to Q1:
For operation with shared spectrum channel access, when UE is not configured to monitor DCI format 2_0 and when the UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot.


However, one company pointed out that in some deployments, such as FBE, a UE may validate configured transmissions within FFP in which detects other DL transmissions. Therefore, we propose to differentiate the behaviour for FBE and LBE.
Proposal 8: 
· [bookmark: _Hlk40351435]For operation with shared spectrum channel access, when UE is
· not configured to monitor DCI format 2_0
· not configured with semiStaticChannelAccessConfig-r16 
· configured by higher layers to receive CSI-RS and/or PDSCH in a set of symbols in a slot 
if the UE does not detect a DCI format indicating to the UE to receive in the set of symbols, the UE cancels the reception of CSI-RS and/or PDSCH in the set of symbols in the slot.
· For operation with shared spectrum channel access, when UE is 
· not configured to monitor DCI format 2_0,
· configured with a period in semiStaticChannelAccessConfig-r16 
· configured by higher layers to receive CSI-RS and/or PDSCH in a set of symbols in a slot
 if the UE does not detect a DL transmission within the period overlapping with the symbols in a slot, the UE cancels the reception of CSI-RS and/or PDSCH in the set of symbols in the slot.
CASE 2.1 - UE is configured with GC-PDCCH with SFI but without CO-Duration
This case may follow the same behaviour for configured transmission as in R15 under sub-clause 11.1.1 in TS38.213
CASE 2.2 - UE is configured with GC-PDCCH with CO-Duration but without SFI
In this case, a UE may validate DL configured transmission with symbols indicated by CO-duration. If such behavior is not introduced, the UE would treat all the DL configured transmission as cancelled. 
Proposal 9: For operation with shared spectrum channel access, when UE is 
· configured to monitor DCI format 2_0 
· configured with co-DurationPerCellList-r16
· not configured with slotFormatCombToAddModList 
· configured by higher layers to receive CSI-RS and/or PDSCH in a set of symbols in a slot
if the set of symbols is not within channel occupancy time and if the UE does not detect a DCI format indicating to receive in the set of symbols, the UE cancels the reception of CSI-RS and/or PDSCH in the set of symbols in the slot.
CASE 2.3 - UE is configured with GC-PDCCH with SFI and CO-Duration
In this case, a UE may follow R15 behavior when indicated with SFI in a slot. For the slot not indicated by the SFI, UE may follow CASE 2.2
Proposal 10: For operation with shared spectrum channel access, when UE is 
· configured to monitor DCI format 2_0 
· configured with co-DurationPerCellList-r16
· configured with slotFormatCombToAddModList 
· configured by higher layers to receive CSI-RS and/or PDSCH in a set of symbols in a slot
· does not detect a DCI format 2_0 providing a slot format for the slot
if the set of symbols in a slot is within channel occupancy time, or if the UE detects a DCI format indicating to the UE to receive in the set of symbols, the UE receives CSI-RS and/or PDSCH in the set of symbols in the slot. Otherwise, R15 behaviour under sub-clause 11.1.1 in TS38.213 applies.

Qualcomm (R1-2004441)
In RAN1 #100bis-e, the P/SP-CSI-RS validation in time domain has been discussed extensively but more discussion is needed to converge. In our view, validation is necessary for UE to properly process the P/SP-CSI-RS. The validation needs to be CRC protected. The source of validation naturally can be COT-SI (either COT duration or SFI-index, if provided). Other DCI, such as DL grant granting the symbols carry the CSI-RS is overlapping with a PDSCH, can be used as a source of validation, but this validation is very opportunistic in nature and is not a consistent solution. For FBE, as discussed in Section 4 below, we believe COT duration or SFI-index may not need to be explicitly configured, and the UE can assume the gNB acquired the COT if detected DL transmission in earlier part of an FFP.
For AP-CSI-RS, if we enforce the AP-CSI-RS is always triggered in the same COT as the triggering DCI, the validation is automatic. 
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.
[bookmark: p2][bookmark: p24][bookmark: _Hlk32596772]Proposal : For periodic and semi-persistent CSI-RS reception, UE is expected to process periodic and semi-persistent CSI-RS only if 
· For LBE case, the UE is able to confirm through COT-SI (either COT duration or SFI-index) that the CSI-RS is inside a gNB COT.
· For FBE case, the UE can receive a DL transmission in the earlier part of the FFP where the CSI-RS is configured.
· When the CSI-RS is a TRS, UE is expected to process the TRS only if it can confirm that all CSI-RS symbols in one TRS burst are inside the same gNB COT.

Based on the above proposal, we can add the following text to 38.214, section 5.1.6.1 and 5.1.6.1.1

============TP for 38.214 Section 5.1.6.1 ====================================
-------Unchanged part omitted----------------------------
5.1.6.1 CSI-RS reception procedure
-------Unchanged part omitted----------------------------
For operation with shared spectrum channel access, the UE is not expected to receive CSI-RS if it is not able to confirm through DCI 2_0 that the CSI-RS symbol is inside a gNB channel occupancy duration.
-------Unchanged part omitted----------------------------
============TP for 38.214 Section 5.1.6.1.1 ====================================
5.1.6.1.1 CSI-RS for tracking
For operation with shared spectrum channel access, the UE is not expected to receive the NZP CSI-RS resources in a NZP CSI-RS resource set configured with trs-Info as true, if it is not able to confirm through DCI 2_0 that all the NZP CSI-RS resources in the NZP CSI-RS resource set is inside a same gNB channel occupancy duration.
-------Unchanged part omitted----------------------------
=======================================================================

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.
[bookmark: p28][bookmark: p3][bookmark: p25]Proposal : Aperiodic CSI-RS and its triggering DCI are transmitted in the same COT.

CSI-RS in DRS
vivo (R1-2003367)
Another discussion point would be how to determine which CSI-RS needs to be measured from UE side for NRU since only one CSI-RS is transmitted depending on LBT result in this case. In LAA, if the UE is configured with CSI-RS for RRM using DRS, the UE assumes the presence of CSI-RS for RRM in first detected subframe containing PSS/SSS/CRS within DMTC. Similarly, the CSI-RS presence could be validated by the SSB transmission located in the same slot in NRU. If only one SSB is transmitted, only the CSI-RS located in the same slot with this SSB is validated. The same behavior is performed by UE as in LAA.
Proposal 4: If the configured CSI-RS is located in the same slot as the QCLed SSB, UE will assume the CSI-RS is transmitted when the SSB is detected.


Huawei (R1-2003509)
As for issue 3, it is a general issue for CSI-RS measurement no matter the CSI-RS is located inside or outside DRS window. UE may determine whether CSI-RS is transmitted or not based on detection of other signals. For example, the valid CSI-RS resource in a DRS window is the one closest to the detected SSB and with TCI state associating with the same SSB index. 
Proposal 4: the valid CSI-RS resource in a DRS window is the one closest to the detected SSB and with TCI state associating with the same SSB index.

Spreadtrum (R1-2003509)
Focusing on CSI-RS in discovery burst, SSB and Type0-PDCCH can be used to inform a DL transmission burst. It should be noted that UE should not periodically monitor Type0-PDCCH. In fact, UE only monitor Type0-PDCCH when the system information update is detected in connected mode, which is a truly rare case. UE cannot validate the periodic or semi-persistent CSI-RS solely through Type0-PDCCH.
For SSB informing DL transmission burst, a CSI-RS can share same DL transmission burst with the detected SSB in the following cases:
· The P/SP CSI-RS will occur in the symbol of the detected SSB, i.e. FDM with the detected SSB;
· The P/SP CSI-RS will occur in the symbol after the detected SSB with time gap of X symbol(s), i.e. TDM with the detected SSB;
An example of the above cases can be shown in the following figure.
[image: ]
Figure 7: Example of SSB informing DL transmission burst
Similarly, For Type0-PDCCH informing DL transmission burst, a CSI-RS can share same DL transmission burst with the detected Type0-PDCCH in the following cases:
· The P/SP CSI-RS will occur in the symbol of the detected Type0-PDCCH, i.e. FDM with the CORESET including the detected Type0-PDCCH;
· The P/SP CSI-RS will occur in the symbol after the detected PDCCH with time gap of X symbol(s), i.e. TDM with the CORESET including the detected PDCCH;
An example of the above cases can be shown in the following figure.
[image: ]
Figure 8: Example of Type0-PDCCH informing DL transmission burst
The above assumptions may have risks, since the CSI-RS may be out of MCOT, if the detected SSB or Type0-PDCCH is at the tail of a COT. But, the risks can be avoided by gNB implementation, e.g. if the SSB or Type0-PDCCH is at the very late of MCOT, gNB may not transmit the SSB or Type0-PDCCH.
Proposal 5: Outside the COT informed by DCI format 2-0, if UE does not detect a SSB or a Type0-PDCCH overlapping with a periodic or semi-persistent CSI-RS, UE should cancel the reception of the CSI-RS.
Proposal 6: Outside the COT informed by DCI format 2-0, if UE does not detect a SSB or a Type0-PDCCH before a periodic or semi-persistent CSI-RS with time gap of X symbol(s), UE should cancel the reception of the CSI-RS.
As discussed in RAN1#100bis-e, companies more preferred PDSCH to inform a DL transmission burst. So, the validation can be based on PDSCH scheduled by a DCI format.
Proposal 7: Outside the COT informed by DCI format 2-0, if UE does not detect a DCI format to schedule PDSCH overlapping with a periodic or semi-persistent CSI-RS, UE should cancel the reception of the CSI-RS.
Furthermore, whether the frequency domain resource of CSI-RS is available is questionable. But, SSB and Type0-PDCCH in discovery burst (for Cat 2 LBT) is confined in initial active DL BWP, so if CSI-RS is also confined in initial active DL BWP, the frequency domain resource of CSI-RS is available.
Proposal 8: Outside the COT informed by DCI format 2-0, if a periodic or semi-persistent CSI-RS is not confined in initial active DL BWP, UE should cancel the reception of the CSI-RS.

CG PDSCH dropping
Samsung (R1-2003858)
According to current specification, a UE should assume existence of higher layer configured DL signal/channel (e.g., periodic CSI-RS, SPS PDSCH, etc.) outside of gNB’s channel occupancy. If the UE assume the existence for TRS or periodic CSI-RS for channel measurement, the UE’s tracking performance and CSI reporting quality can be severely affected. Similarly, if the UE assumes the existence for SPS PDSCH outside of gNB’s channel occupancy, the UE would waste power for decoding SPS PDSCH unnecessarily. Moreover, the UE will transmit HARQ-ACK, which is waste resource in UE perspective as well as in system perspective. To address this issue, SFI validation rule in Rel-15 can be used as a baseline if configured. That is, UE assumes those DL signals/channels are transmitted if the occasions are indicated as DL symbols by a detected SFI. 
One potential issue for the Rel-15 SFI validation rule is the application on the indicated slots or symbols outside of the COT. In our view, we think it is beneficial to ignore the SFI outside of COT since those slots/symbols are not guaranteed. Consequently, SFI outside of COT should not be used to validate the presence of any DL transmission outside of COT. 
A related issue is the semi-static slot format configuration interpretation outside of COT. Follow the same logic, a DL symbol indicated by a semi-static slot format should not be used to validate any DL transmission if the symbol locates outside of COT. On the other hand, available information related to gNB’s CO should be utilized to validate the reception of such DL signals and channels. In particular, the UE assumes those DL signals/channels are transmitted if the occasions are fully overlapped with a CO duration indicated by a DCI 2_0, if configured, or a DL transmission burst identified from the UE’s perspective, or with a duration when the timer introduced for search space set switching is running. Additionally, it is reasonable to assume that for a duration of PDSCH scheduled by a DCI UE can assume DL signals/channels are transmitted in the duration if a gap between the DCI and PDSCH is less than . From gNB point of view, it is also reasonable to transmit a DCI and the scheduled PDSCH within the same COT. Consequently, UE can assume DL signals/channels are transmitted if the occasions are overlapped within a duration between a DCI and the scheduled PDSCH. For FBE, due to the one-shot LBT nature and fixed transmission duration in FBE mode, it is reasonable for UE to assume a DL transmission configured by higher layer is transmitted if the DL transmission occasion is within a transmission duration where any DL transmission is detected.
Proposal 4: When a UE detects an SFI providing a format in a slot, the UE assumes periodic CSI-RS and/or SPS PDSCH is transmitted in the slot if the occasions for those signals/channels in the slot are indicated as DL symbols by the SFI and the occasions are fully overlapped with an indicated remaining CO duration, if configured. Otherwise, the UE assumes periodic CSI-RS and/or SPS PDSCH is 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

OPPO (R1-2004083)
In NRU, when UE is configured to receive PDSCH or CSI-RS, in RAN1#99 meeting, it was agreed that the UE will follow the RB set availability indication to determine if the reception of the CSI-RS is valid. When the allocated CSI-RS resources are in the available RB sets, the UE will continue the reception; otherwise the UE will cancel the reception. Since the RB set availability has two dimensions definition, i.e. frequency domain validation (RB set is available for reception), and time domain validation (CSI-RS resources are within COT), this means that the CSI-RS reception is valid if the resources are in the gNB COT, and the corresponding RB sets are available. Similar clarification is needed also for other configured downlink reception in particular for SPS-PDSCH reception. If the UE detects a DCI 2_0 and it turns out that the PDSCH resources are outside gNB COT, the UE can cancel the PDSCH reception. 
Proposal 7: Similar to CSI-RS, for configured PDSCH reception, if the configured resources are outside gNB’s COT based on the detection of DCI 2_0, the UE shall cancel the PDSCH reception. 
On the other hand, when SFI indication is not configured in DCI 2_0, and if a set of the symbols are configured for PDSCH reception and the set of symbols are set as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DLConfigurationDedicated, the UE behavior is not clear. If we use the Rel-15 specification, the UE will always cancel the configured PDSCH reception as the corresponding symbols cannot be updated to downlink due to the absence of SFI. One way of resolving this is that if the SFI is absent, the UE will assume the corresponding symbols as downlink, if 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. 
Proposal 8: If a set of symbols are configured as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DLConfigurationDedicated and the set of symbols are configured for PDSCH reception, when the SFI-index field is not present in DCI 2_0, UE considers the set of symbols as downlink, if the UE does not detect any dynamic scheduled uplink transmission on the set of symbols.

Apple (R1-2004214)
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. 

There were extensive discussions on this issue in the RAN1 #100bis e-meeting but no conclusion was made. In light of discussions, for CSI-RS reception (P-TRS, P-CSI-RS for LA, and in general), there seems have a largely a common understanding that gNB will provide transmission indication which UE could use to validate CSI-RS at a given occasion. However, different cases need to be considered to figure out a complete solution. Due to limited time of last meeting, it was deferred to the RAN1 #101 meeting. 

In general, two cases exist for CSI-RS reception validation depending on whether at least one of {SFI index, COT duration index} is configured for DCI format 2_0 as detailed in the following: 
· Case 1: DCI 2_0 is configured with at least one of {SFI index, COT duration index} 
· If SFI field is present
· use SFI index, a.k.a the R15 approach
· else
· use COT duration index, so that UE can cancel P/SP-CSI-RS/CSI-IM/SPS PDSCH reception unless all of the symbols are confined within the indicated COT duration. 
· Note that, SFI index takes precedence over COT duration in determining CSI-RS presence.
· (Case 2) Else
· if a new RRC parameter is introduced and configured, 
· use DCI format scheduling PDSCH transmission, so that UE can cancel P/SP-CSI-RS/CSI-IM reception unless all of the CSI-RS symbols are confined within the PDSCH time domain allocation.
· Otherwise, 
· UE is expected to receive P/SP-CSI-RS/CSI-IM/SPS PDSCH.


For Case 1 with DCI 2_0 being configured, it seems sufficient to use either SFI index IE or COT duration index to determine the COT duration and validate the CSI-RS resource correspondingly. One solution brought up in last meeting for Case 1 is to use DCI format scheduling PDSCH grant so that UE can cancel P/SP-CSI-RS/CSI-IM reception unless all of the CSI-RS symbols are confined within the PDSCH time domain allocation. It may be useful for the case when DCI 2_0 is configured but not detected by UE for whatever reason to validate the CSI-RS, we are open to discuss this rule.  

For Case 2, as mentioned in earlier context, we are open to discuss the need of a new RRC parameter to provide flexibility to gNB scheduler and address the concern about the control signalling overhead caused by using dynamic PDSCH as validation resource. If the corresponding RRC parameter is not configured in Case 2, UE is expected to receive P/SP-CSI-RS/CSI-IM/SPS PDSCH. 

There is another validation mechanism brought up in the RAN1 #100bis e-meeting to use SPS PDSCH to validate CSI-RS if DCI 2_0 is not configured. It is our view that SPS PDSCH is another type of semi-statically configured transmission. Similar to P-CSI-RS/P-TRS transmission, it by itself isn’t quite suitable in genuine unlicensed spectrum operations due to LBT requirement (not the licensed-like use case). All semi-statically configured transmissions (including SPS PDSCH, P-CSI-RS/P-TRS) shall be treated with similar UE behavior with validation rules. We don’t see a strong reason to use detection of one configured RS (SPS PDSCH DM-RS) to validate another configured RS (P-CSI-RS/TRS), except for some scenario where PDSCH DM-RS may provide better frequency resolution. Note that SPS PDSCH DM-RS detection isn’t required in R15 baseline either.

Based on the discussions above, the following was proposed: 

Proposal 1: 
UE assumes the presence of P/SP-CSI-RS/CSI-IM/SPS PDSCH according to the following validation rules
· If DCI 2_0 is configured with at least one of {SFI index, COT duration index} 
· If SFI field is present
· use SFI index, a.k.a the R15 approach
· else
· use COT duration index, so that UE can cancel P/SP-CSI-RS/CSI-IM/SPS PDSCH reception unless all of the symbols are confined within the indicated COT duration. 
· Else
· if a new RRC parameter is introduced and is configured, 
· use DCI format scheduling PDSCH grant and UE can cancel P/SP-CSI-RS/CSI-IM reception unless all of the CSI-RS symbols are confined within the PDSCH time domain allocation.
· Otherwise, 
· UE is expected to receive P/SP-CSI-RS/CSI-IM/SPS PDSCH.

Nokia (R1-2004255)
In RAN1#100b-e, as part of discuss [100b-e-NR-unlic-NRU-DL_Signals_and_Channels-03] the following cases were identified:
CASE1: UE is not configured with GC-PDCCH 
CASE2.1: UE is configured with GC-PDCCH with SFI but without CO-Duration
CASE2.2: UE is configured with GC-PDCCH with CO-Duration but without SFI
CASE2.3: UE is configured with GC-PDCCH with SFI and CO-Duration
CASE 1 - UE is not configured with GC-PDCCH
In RAN1#100b, we almost agreed on the following proposal
	Proposal related to Q1:
For operation with shared spectrum channel access, when UE is not configured to monitor DCI format 2_0 and when the UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot.


However, one company pointed out that in some deployments, such as FBE, a UE may validate configured transmissions within FFP in which detects other DL transmissions. Therefore, we propose to differentiate the behaviour for FBE and LBE.
Proposal 8: 
· For operation with shared spectrum channel access, when UE is
· not configured to monitor DCI format 2_0
· not configured with semiStaticChannelAccessConfig-r16 
· configured by higher layers to receive CSI-RS and/or PDSCH in a set of symbols in a slot 
if the UE does not detect a DCI format indicating to the UE to receive in the set of symbols, the UE cancels the reception of CSI-RS and/or PDSCH in the set of symbols in the slot.
· For operation with shared spectrum channel access, when UE is 
· not configured to monitor DCI format 2_0,
· configured with a period in semiStaticChannelAccessConfig-r16 
· configured by higher layers to receive CSI-RS and/or PDSCH in a set of symbols in a slot
 if the UE does not detect a DL transmission within the period overlapping with the symbols in a slot, the UE cancels the reception of CSI-RS and/or PDSCH in the set of symbols in the slot.
CASE 2.1 - UE is configured with GC-PDCCH with SFI but without CO-Duration
This case may follow the same behaviour for configured transmission as in R15 under sub-clause 11.1.1 in TS38.213
CASE 2.2 - UE is configured with GC-PDCCH with CO-Duration but without SFI
In this case, a UE may validate DL configured transmission with symbols indicated by CO-duration. If such behavior is not introduced, the UE would treat all the DL configured transmission as cancelled. 
Proposal 9: For operation with shared spectrum channel access, when UE is 
· configured to monitor DCI format 2_0 
· configured with co-DurationPerCellList-r16
· not configured with slotFormatCombToAddModList 
· configured by higher layers to receive CSI-RS and/or PDSCH in a set of symbols in a slot
if the set of symbols is not within channel occupancy time and if the UE does not detect a DCI format indicating to receive in the set of symbols, the UE cancels the reception of CSI-RS and/or PDSCH in the set of symbols in the slot.
CASE 2.3 - UE is configured with GC-PDCCH with SFI and CO-Duration
In this case, a UE may follow R15 behavior when indicated with SFI in a slot. For the slot not indicated by the SFI, UE may follow CASE 2.2
Proposal 10: For operation with shared spectrum channel access, when UE is 
· configured to monitor DCI format 2_0 
· configured with co-DurationPerCellList-r16
· configured with slotFormatCombToAddModList 
· configured by higher layers to receive CSI-RS and/or PDSCH in a set of symbols in a slot
· does not detect a DCI format 2_0 providing a slot format for the slot
if the set of symbols in a slot is within channel occupancy time, or if the UE detects a DCI format indicating to the UE to receive in the set of symbols, the UE receives CSI-RS and/or PDSCH in the set of symbols in the slot. Otherwise, R15 behaviour under sub-clause 11.1.1 in TS38.213 applies.

CSI-RS transmsission power
ZTE (R1-2003448)
Due to the number of carriers or RB-sets passing LBT can be changed in different COTs, thus the powers of PDSCH and CSI-RS for CSI acquisition can also be varied across different COTs. Therefore, in RAN1 #99 meeting, RAN1 has agreed the following agreement to support variable CSI-RS power in different transmission bursts for channel estimation.
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
In RAN4 LS (R1-2003274/R4-2005418) [4] to RAN1, RAN4 asks RAN1 to confirm whether a UE can assume that CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period, and whether this also applies to SSB-based RRM measurements. If the power of CSI-RS is varied across different occasions, it will impact measurement results and corresponding decisions. Rel-15 specifies that for the purpose of CSI-RSRP, CSI-RSRQ and CSI-SINR measurements, the UE may assume downlink EPRE of a port of CSI-RS resource configuration is constant across the configured downlink bandwidth and constant across all configured OFDM symbols. In our opinion, CSI-RS (for L1-RSRP, RLM, BFD and CBD) should be transmitted with the same power across different occasions during the measurement period, and this also applies to SSB-based RRM measurements. The gNB implementation can achieve this and the UE can maintain Rel-15 existing assumptions.
Proposal 6: CSI-RS (for L1-RSRP, RLM, BFD and CBD) should be transmitted with the same power across different occasions during the measurement period. The gNB implementation can achieve this purpose without any specification impacts.

Huawei (R1-2003510)
In RAN1#99, RAN1 agreed that
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
There was an LS [5] from RAN4 stating that: 
· It is unclear whether the UE is able to distinguish whether the CSI-RS measurement are from different transmission bursts.
· The different transmit power of CSI-RS has impact on CSI-RS based L1-RSRP, RLM, BFD and CBD.
· The different transmit power of CSI-RS may lead to AGC problem
· The UE has to average CSI-RSs across different bursts to meet requirements and the UE will assume the power does not change over L1-period
Meanwhile, RAN4 asked RAN1 to confirm whether a UE can assume that CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period, and whether this also applies to SSB-based RRM measurements. Duration the email discussion, most companies agreed with the concept. The divergence is whether it is necessary to be captured in the specification considering it is gNB implementation. Considering RAN4 may still do average on CSI-RSs across different bursts to meet RLM requirement, it would be better to confirm the assumption. A draft reply LS is provided in [6]. 
Proposal 9: Confirm RAN4’s question that a UE can assume that 
· CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period.
· SSB (for SSB-based RRM measurements) is transmitted with same transmit power across different occasions during the measurement period.

Samsung (R1-2003858)
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 1: 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.


Moreover, it was discussed in RAN4#94-e-bis that the above agreement has impact on RRM procedures and requirements. RAN4’s observations in R1-2003273 are the followings:  
· It is unclear whether the UE is able to distinguish whether the CSI-RS measurement are from different transmission bursts.
· The different transmit power of CSI-RS has impact on CSI-RS based L1-RSRP, RLM, BFD and CBD.
· The different transmit power of CSI-RS may lead to AGC problem
· The UE has to average CSI-RSs across different bursts to meet requirements and the UE will assume the power does not change over L1-period
Based on the RAN4’s observation, it is desirable for UE to assume that CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period, which is also applicable for SSB-based RRM measurements.
Proposal 2: UE can assume that CSI-RS is transmitted with the same transmit power across different occasions during the measurement period.

Qualcomm (R1-2004441)
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.
[bookmark: p4]Proposal : UE expects CSI-RS for RLM to have fixed transmit power over all COTs.

SSB transmission power
Huawei (R1-2003510)
In RAN1#99, RAN1 agreed that
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
There was an LS [5] from RAN4 stating that: 
· It is unclear whether the UE is able to distinguish whether the CSI-RS measurement are from different transmission bursts.
· The different transmit power of CSI-RS has impact on CSI-RS based L1-RSRP, RLM, BFD and CBD.
· The different transmit power of CSI-RS may lead to AGC problem
· The UE has to average CSI-RSs across different bursts to meet requirements and the UE will assume the power does not change over L1-period
Meanwhile, RAN4 asked RAN1 to confirm whether a UE can assume that CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period, and whether this also applies to SSB-based RRM measurements. Duration the email discussion, most companies agreed with the concept. The divergence is whether it is necessary to be captured in the specification considering it is gNB implementation. Considering RAN4 may still do average on CSI-RSs across different bursts to meet RLM requirement, it would be better to confirm the assumption. A draft reply LS is provided in [6]. 
Proposal 9: Confirm RAN4’s question that a UE can assume that 
· CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period.
· SSB (for SSB-based RRM measurements) is transmitted with same transmit power across different occasions during the measurement period.
CSI interference measurements
LG (R1-2004011)
Next, for CSI interference measurement, LTE LAA restricted not to perform interference measurement outside DL transmission burst. This is because outside DL transmission burst, a UE may measure (unwanted) interference from a node that will not transmit something since the node senses the channel busy while the serving eNB for the UE is transmitting. Similarly, NR-U UE can be also 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 interference measurements based on CSI-IM, the UE shall derive the interference measurements for computing CSI value based on only measurements in OFDM symbols occupied by the serving cell.
Proposal #11: For interference measurements based on NZP-CSI-RS, the UE shall not average the interference measurements for computing CSI value across different transmission bursts from the UE's perspective.


Discussion
Companies are invited to comment on the questions below.
Validation of CSI-RS
FL Note: CSI-RS validation will be discussed separately for the following cases for easier handling of the discussion. Whether each different case is supported (e.g. no SFI) is an independent discussion.
Case 1: CSI-RS validation if UE is not configured to monitor DCI format 2_0.
Case 2: CSI-RS validation if UE is configured to monitor DCI format 2_0.
Case 2.1: DCI format 2_0 contains SFI and COT duration field.
Case 2.2: DCI format 2_0 contains SFI but not COT duration field.
Case 2.3: DCI format 2_0 contains COT duration field but not SFI.
Case 2.4: DCI format 2_0 contains neither SFI nor COT duration field.
Case 3: CSI-RS validation outside of indicated COT (e.g. during DRS).

Case 1: CSI-RS validation if UE is not configured to monitor DCI format 2_0.
	Several conditions have been proposed, the following list is non-exhaustive:
· 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 

Q1: For Case 1, under which conditions shall the UE assume that periodic or semi-persistent CSI-RS are present and used for measurement purposes – or conversely, under which conditions shall the UE cancel the CSI-RS reception? Which conditions are not suitable in your view?
Please focus on mechanisms that go beyond existing agreements/Rel-15.

	Company
	Comment

	Nokia, NSB
	For this case, we have almost below in RAN1#100b-e, however we identified scenarios where such behavior is not desirable, such as FBE, where detection of DL transmissions in  FFP can validate CSI-RS within FFP. Or in some scenarios (no Wifi) gNB may want to validate all p-CSI-RS. Therefore, below proposal should be backed-up by a parameter XYZ, edits shown in red.

Proposal related to Q1:
If XYZ is provided, for operation with shared spectrum channel access, when UE is not configured to monitor DCI format 2_0 and when the UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot.
Otherwise, R15 behavior applies


	Qualcomm
	We should distinguish CSI-RS for channel acquisition and CSI-RS for RLM/RRM. 
The following discussion is for CSI-RS for channel acquisition.
For SSB based validation, we don’t believe it is acceptable. UE is not monitoring SSBs all the time after initial access, and just monitor SSB to validate CSI-RS is not robust as well, consider PBCH may need soft combining to be decoded, and PSS/SSS does not have CRC to provide reliability.
PDSCH based FDM CSI-RS is a possible implementation based solution, but PDSCH may not always be scheduled for a UE and this mechanism can be used at most opportunistically. Actually at this time, AP-CSI-RS can be scheduled as well.
Using other DL detection not indicating the CSI-RS symbols are DL are not preferred. There is always chance the other signal is transmitted, but CSI-RS falls out of COT.
On the other hand, for CSI-RS if FBE, the DL signal detection in the earlier part of the FFP is good enough to validate CSI-RS in the same FFP, consider we are focusing on controlled environment.

	ZTE, Sanechips
	We think that as long as UE can confirm that configured CSI-RS resources fall into a DL transmission burst, it needs to receive CSI-RS and use received CSI-RS for measurement. How to confirm CSI-RS within DL transmission burst depend on whether DCI format 2_0 to be configured or SFI to be configured in DCI format 2_0. but at least the following two case can be considered to determine validation:
· A PDSCH is scheduled in the same slot as the CSI-RS resource
· QCLed SSB or a PDCCH is detected in the same slot as the CSI-RS resource

	LG Electronics
	We have similar proposal from Nokia.

Proposal:
· If guaranteedDL-r16 is configured as enabled (or not configured), UE receives P/SP-CSI-RS following the rule defined in Rel-15.
· If guaranteedDL-r16 is configured as disabled,
· When the UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot.

Regarding P/SP-CSI-RS validation via SSB or PDSCH DM-RS, we share the view with Qualcomm that P/SP-CSI-RS validation relying on SSB or PDSCH DM-RS (within the same slot) should be avoided considering UE implementation complexity.
For FBE-specific issue, even within FFP, gNB cannot ensure DL transmission since gNB is allowed to transmit DL signal/channel only if LBT is successful in case the gap between DL and UL transmissions is larger than 25 usec. This is different from UL (e.g., RACH) transmission within FFP. Therefore, even though P/SP-CSI-RS is configured with FFP and UE receives any DL signal/channel within the current FFP, P/SP-CSI-RS can not be automatically validated in the same FFP.

	MediaTek
	Share the same view with Nokia. 
We see that one of the good candidates for validating P/SP CSI-RS reception is based on dynamically scheduled DL transmission including PDSCH and AP CSI-RS. We expect that it has less impact on UE implementation since it is natural for UE to receive P/SP CSI-RS when UE decides to receive the scheduled DL transmission on the same symbols. 
From UE’s perspective, validating CSI-RS reception based on SSB/PDCCH/PDSCH detection is not preferred, at least for CSI-RS measurement with CSI report. One reason is that the UE processing time for detecting SSB/PDCCH/PDSCH has to be taken into account in the CSI processing timeline, and it will pose a risk if spec doesn’t well define the UE required processing time for the new behavior.  
Reponses to Qualcomm, we believe the CSI-RS validation is especially important for measurement w/o report, e.g., RLM/RRM/Tracking, since UE has to determine whether the CSI-RS is transmitted by itself to avoid degrading receiver performance if no validation rule is defined and monitoring on DCI format 2_0 is not configured. Moreover, on CSI-RS based RLM requirement, RAN4 is still waiting for RAN1’s decision on CSI-RS validation rule. 

	Huawei, HiSilicon
	The CSI-RS cancelling rules in Rel-15 should be adopted in unlicensed band. Additionally, we think the following proposal discussed in last meeting can be acceptable, i.e.
· If the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot.
The motivation to introduce an RRC signaling is not clear.

	Sharp
	For LBE, agree with Qualcomm that we should distinguish CSI-RS channel acquisition and CSI-RS based RLM/RRM measurement. For RLM/RRM measurement, SSB-QCLed CSI-RS can be used, while CSI-RS validation should not rely on SSB. PDSCH scheduling based scheme is not a good choice, either, because it does not bring any benefit over A-CSI-RS, as mentioned by Qualcomm. In terms of the FBE perspective, we also agree with LG that FFP cannot automatically give you the correct validation. The consequence would be to follow R15 behavior for both LBE and FBE.

	Apple
	We share the same view as Qualcomm about the need to differentiate CSI-RS for RRM/RLM measurement and channel acquisition. The following validation can be used for CSI-RS for channel acquisition purpose: 
· A PDSCH is scheduled in a same slot and FDMed with the CSI-RS. Note that “FDMed” is needed for validation purpose to ensure same LBT status for CSI-RS and validation resource. This excludes a set of other alternative rules listed above. 

As discussed in last meeting, we do not think it is feasible to use SSB as validation source due to following reasons: 
· From the perspective of NW/UE synchronicity: Unlike PDCCH monitoring whose MO is strictly synchronous between gNB and UE, there is no precise L1 monitoring occasion requirement for SSB, but only detection and measurement delay requirement which is (1) on the order of multiple DMTC or SMTC (2) scaled with number of configured Scells, measurement objects, gap collision, etc. As long as UE can meet the delay requirement, it’s up to UE’s implementation of when to process which SSBs. NW has no knowledge of these. We do not want to tie the SSB and CSI-RS measurement for NR-U. 
· Also, there is no processing timeline defined for SSB. Using SSB as validation puts restriction on the timeline process SSB due to the CSI processing 
· From the perspective of reliability, SSB does not have CRC protection but PDCCH does have 24-bits CRC. 

	Samsung
	Already pointed out by many companies, we also think that SSB should not be used for CSI-RS validation. It would increase UE implementation complexity and specification effort to define proper UE processing time to be required for SSB-based validation. 
Among the list for CSI-RS validation, at least the following case seems reasonable to avoid unnecessary signaling restriction for validation, we are open to consider other methods.
· A duration between a DCI and the scheduled PDSCH

	vivo
	Agree with Huawei. The following is acceptable for case 1:
For operation with shared spectrum channel access, when UE is not configured to monitor DCI format 2_0 and when the UE is configured by higher layers to receive CSI-RS in a set of symbols in a slot, if the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot.
Not clear why RRC signaling is needed.

	OPPO
	We think that at least for LBE if the UE is not configured to monitor DCI 2_0, the UE does not receive P/SP-CSI-RS but the UE can receive AP-CSI-RS. For FBE, if the DL transmission detection reliability issue can be resolved, AP/P/SP-CSI-RS reception can be performed. 

	Ericsson
	· We believe there is a need for a new RRC parameter if this feature is going to be used, because it also depends on the deployment. As mentioned earlier, operation in controlled environment would be as licensed operation and there is no need for CSI-RS validation.
· The focus should be on TRS not CSI-RS in general.
· The motivation for validation mechanism is the possibility of LBT failure in CSI-Rs transmission. Hence, to ensure that, the condition should be if the UE detects any DL transmission in those symbols.
In summary: Introduce an RRC parameter, ControlConfiguredDL-r16, to control reception of CSI-RS for tracking configured by higher layers. When the parameter is configured to the UE, the UE is not expected to receive CSI-RS for tracking in a set of symbols if DL transmissions are not detected in the set of symbols. 




Case 2: CSI-RS validation if UE is configured to monitor DCI format 2_0, and detects DCI format 2_0.
Several conditions have been proposed, the following list is non-exhaustive::
· 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 

	Case 2.1: DCI format 2_0 contains SFI and COT duration field.
Q2: For Case 2.1, under which conditions shall the UE assume that periodic or semi-persistent CSI-RS are present and used for measurement purposes – or conversely, under which conditions shall the UE cancel the CSI-RS reception? Which conditions are not suitable in your view?
Please focus on mechanisms that go beyond existing agreements/Rel-15.

	Company
	Comment

	Nokia, NSB
	If XYZ is not provided, R15 behavior applies
If XYZ is provided, validate CSI-RS  within COT and in symbols not indicated by SFI. Otherwise, R15 behavior applies.

	Qualcomm
	UE receives CSI-RS if it is in COT as indicated and not cancelled by SFI, if provided

	ZTE, Sanechips
	If the UE detects SFI and COT duration, then it can determine CSI-RS validation by “D” indicated in SFI and/or PDSCH/PDCCH reception within COT.

	LG Electronics
	UE receives or cancels CSI-RS same as in Rel-15, except for the case where SFI duration is longer than remaining COT duration.

	MediaTek
	Prefer to define cancellation rule for this case, i.e.,
· If the UE does not detect a DCI format 2_0 indicating to the UE the set of symbols are within a remaining channel occupancy duration indicated by either COT duration field or SFI-index field, the UE doesn’t receive the CSI-RS in the set of symbols in the slot.
· Otherwise, R15 behavior applies (including behavior of SFI)
Okay to introduce a RRC parameter to enable/disable this cancellation rule

	Huawei, HiSilicon
	Rel-15 behavior as baseline. If CSI-RS resource is indicated as out of COT, either by SFI or COT duration and UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot. 

	Sharp
	Share the view from LG. R15 behavior applies, except for the case where SFI duration is longer than remaining COT duration.

	Apple 
	Use SFI index, a.k.a the R15 approach. Note that, SFI index takes precedence over COT duration in determining CSI-RS presence.

	Samsung
	A UE receives CSI-RS if CSI-RS is in the indicated CO duration and it is not cancelled by SFI

	vivo
	In default, Rel15 behavior applies. Besides, COT duration is used to validate CSI-RS. Agree with QC and Samsung, a UE receives CSI-RS if CSI-RS is within the indicated CO duration and it is not cancelled by SFI

	OPPO
	Agree with QC, Samsung and vivo, the UE will receive the CSI-RS within the COT if the CSI-RS reception is not cancelled by SFI. This is a clean and simple design. We also agree with LG, the proposal seems reasonable.

	Ericsson
	Agree with OPPO 😊



	Case 2.2: DCI format 2_0 contains SFI but not COT duration field.
Q3: For Case 2.2, under which conditions shall the UE assume that periodic or semi-persistent CSI-RS are present and used for measurement purposes – or conversely, under which conditions shall the UE cancel the CSI-RS reception? Which conditions are not suitable in your view?
Please focus on mechanisms that go beyond existing agreements/Rel-15.

	Company
	Comment

	Nokia, NSB
	R15 behavior applies

	Qualcomm
	Per our agreement, in this case, the COT duration in implied by SFI. Then the UE should receive CSI-RS if SFI received and not cancelled by SFI

	ZTE, Sanechips
	 UE determines CSI-RS validation by “D” indicated in SFI.

	LG Electronics
	UE receives or cancels CSI-RS same as in Rel-15

	MediaTek
	Prefer to define cancellation rule for this case, i.e.,
· If the UE does not detect a DCI format 2_0 indicating to the UE the set of symbols are within a remaining channel occupancy duration indicated by either COT duration field or SFI-index field, the UE doesn’t receive the CSI-RS in the set of symbols in the slot.
· Otherwise, R15 behavior applies (including behavior of SFI)
Okay to introduce a RRC parameter to enable/disable this cancellation rule

	Huawei, HiSilicon
	Rel-15 behavior as baseline. Rel-15 behavior as baseline. If CSI-RS resource is indicated as out of COT, either by SFI or COT duration and UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot. 

	Sharp
	R15 behavior applies.

	Apple
	Use SFI index, a.k.a the R15 approach

	Samsung
	The UE receive CSI-RS if SFI received and not cancelled by SFI 

	vivo
	R15 behavior, i.e. the UE should receive CSI-RS if SFI is received and not cancelled by SFI

	OPPO
	Agree with QC.

	Ericsson
	Agree with vivo 😊 , i.e. Rel-15 behavior is applied



	Case 2.3: DCI format 2_0 contains COT duration field but not SFI.
Q4: For Case 2.3, under which conditions shall the UE assume that periodic or semi-persistent CSI-RS are present and used for measurement purposes – or conversely, under which conditions shall the UE cancel the CSI-RS reception? Which conditions are not suitable in your view?
Please focus on mechanisms that go beyond existing agreements/Rel-15.

	Company
	Comment

	Nokia, NSB
	If XYZ is not provided, R15 behavior applies 
If XYZ is provided, validate CSI-RS  only within indicated COT. 

	Qualcomm
	UE receives CSI-RS if the CSI-RS symbols are in COT

	ZTE, Sanechips
	 UE can determine CSI-RS validation by DL transmission burst within COT duration. If there is no DL transmission within COT duration, then UE can not determine CSI-RS validation. 

	MediaTek
	Prefer to define cancellation rule for this case, i.e.,
· If the UE does not detect a DCI format 2_0 indicating to the UE the set of symbols are within a remaining channel occupancy duration indicated by either COT duration field or SFI-index field, the UE doesn't receive the CSI-RS in the set of symbols in the slot.
· Otherwise, R15 behavior applies
Okay to introduce a RRC parameter to enable/disable this cancellation rule

	Huawei, HiSilicon
	It is not sufficient to valid CSI-RS resource only with COT duration. 
If the UE does not detect a DCI format indicating to the UE to receive CSI-RS or PDSCH in the set of symbols, the UE cancels the CSI-RS reception in the set of symbols in the slot even if the resource is within the COT.

	Sharp
	If the CSI-RS symbols are in COT, R15 behavior (defined in 11.1) applies.

	Apple 
	Use COT duration index, so that UE can cancel P/SP-CSI-RS/CSI-IM/SPS PDSCH reception unless all of the symbols are confined within the indicated COT duration. 

	Samsung
	UE receives CSI-RS if the CSI-RS is in the indicated CO duration

	vivo
	UE receives CSI-RS if the CSI-RS is in the indicated CO duration

	OPPO
	UE receives CSI-RS if the CSI-RS symbols are in COT

	Ericsson
	Agree with Samsung 😊

	LG Electronics
	We tend to agree with Huawei. What happens if the resources corresponding to CSI-RS is scheduled with PUSCH? In this case, it is assumed that UE cancels CSI-RS reception. On top of CO duration, we need some rules to validate CSI-RS within COT duration. In addition, same principle should also apply to UL signals/channels configured by higher layer signaling, even though it’s out of scope in this thread.



	Case 2.4: DCI format 2_0 contains neither SFI nor COT duration field.
Q5: For Case 2.4, under which conditions shall the UE assume that periodic or semi-persistent CSI-RS are present and used for measurement purposes – or conversely, under which conditions shall the UE cancel the CSI-RS reception? Which conditions are not suitable in your view?
Please focus on mechanisms that go beyond existing agreements/Rel-15. This case may be the same as Case 1 (no DCI format 2_0 configured), if this case is supported at all.

	Company
	Comment

	Nokia, NSB
	Follow Case 1

	Qualcomm
	Same as case 1

	ZTE, Sanechips
	If DCI format 2_0 contains neither SFI nor COT duration field, then UE can determined CSI-RS validation by “D” in slot/symbol structure configured by tdd-UL-DL-ConfigurationCommon/tdd-UL-DL-ConfigurationDedicated or dynamic scheduling during the COT.

	MediaTek
	Same as case 1

	Huawei, HiSilicon
	Same as case 1

	Sharp
	Same as case 1.

	Apple
	Same as case 1

	Samsung
	Same as case 1

	vivo
	Same as case 1

	OPPO
	Same as case 1

	Ericsson
	Agree with Apple 😊 i.e. Same as Case 1



	Case 3: CSI-RS validation outside of indicated COT (e.g. during DRS).
Vivo Proposal:
If the configured CSI-RS is located in the same slot as the QCLed SSB, UE will assume the CSI-RS is transmitted when the SSB is detected.

Huawei Proposal:
the valid CSI-RS resource in a DRS window is the one closest to the detected SSB and with TCI state associating with the same SSB index.

Spreadtrum Proposals:
Outside the COT informed by DCI format 2-0, if UE does not detect a SSB or a Type0-PDCCH overlapping with a periodic or semi-persistent CSI-RS, UE should cancel the reception of the CSI-RS.
Outside the COT informed by DCI format 2-0, if UE does not detect a SSB or a Type0-PDCCH before a periodic or semi-persistent CSI-RS with time gap of X symbol(s), UE should cancel the reception of the CSI-RS.
Outside the COT informed by DCI format 2-0, if UE does not detect a DCI format to schedule PDSCH overlapping with a periodic or semi-persistent CSI-RS, UE should cancel the reception of the CSI-RS.
Outside the COT informed by DCI format 2-0, if a periodic or semi-persistent CSI-RS is not confined in initial active DL BWP, UE should cancel the reception of the CSI-RS.

Q6: Please provide your view on the above proposals.

	Company
	Comment

	Spreadtrum
	As clarified by Nokia, DCI format 2-0 can be multiplexed with the discovery burst, we think the validation of CSI-RS in the discovery burst may be enabled only if DCI format 2-0 is not configured. Therefore, we propose that:
If DCI format 2-0 is not configured,
· if UE does not detect a SSB or a Type0-PDCCH overlapping with a periodic or semi-persistent CSI-RS, and
· if UE does not detect a SSB or a Type0-PDCCH before a periodic or semi-persistent CSI-RS with time gap of X symbol(s), and
· if UE does not detect a DCI format to schedule PDSCH overlapping with a periodic or semi-persistent CSI-RS, and
· if a periodic or semi-persistent CSI-RS is not confined in initial active DL BWP, 
UE should cancel the reception of the CSI-RS within the discovery burst window.

	Nokia, NSB
	For the serving cell, follow the same as in Section 2.1 of this document
For mobility measurements, validate CSI-RS,  if CSI-RS QCL source SSB is detected within SMTC window.

	Qualcomm
	CSI-RS validation should be independent from inside DRS or not.
On the other hand, for CSI-RS for RLM/RRM, this should not depends on any other validation (consider unlikely any other validation can reach the low SNR required for RLM/RRM).

	ZTE, Sanechips
	Agree with the proposal from vivo.

	LG Electronics
	Same view with Qualcomm.

	MediaTek 
	Okay to have validation based on the QCLed SSB for CSI-RS measurement w/o report. 

	Huawei, HiSilicon
	In a DRS burst, if the SSB is transmitted, most probably the associated CSI-RS can be transmitted because gNB should strive to minimize the gap in a DRS burst in order to reduce LBT overhead.
Also fine with VIVO’s proposal

	Sharp
	Share the view from Qualcomm.

	Apple
	Share the views from Qualcomm. 
CSI validation even for RRM/RLM monitoring should be defined regardless of inside or outside of DRS. 

	Samsung
	Share the view from Qualcomm.

	vivo
	The intention is to validate CSI-RS in DRS, i.e. SSB and CSI-RS in the same slot. I think it doesn’t mean to distinguish the CSI-RS is in DRS window or not from our proposal. For a CSI-RS which has QCLed candidate SSB in the same slot, SSB could offer an additional validation source for the CSI-RS. As a conclusion in SI, the transmission of SSB, CSI-RS and RMSI together in one slot is beneficial from LBT perspective. Also indicated by Nokia, in CSI-RS based mobility measurement, no other validation source for this kind of CSI-RS.
In addition, I think this CSI-RS validation is defined in general and should be also applied to RRM/RLM. Especially in the RLM evaluation, UE needs to determine which CSI-RS is valid or not.

	OPPO
	We are fine with vivo’s proposal in principle, but we think this should be discussed together with CSI-RS in DRS topic in initial access procedure agenda item. What is not clear to us is that, as shown in the figure, if the CSI-RS is located in the same slot with candidate SSB index 4, assuming Q=2, if the UE detects candidate SSB index 0, the UE will not continue detecting the other candidate positions. In this case even the CSI-RS is transmitted, the UE will not receive it.  
[image: ]




CG PDSCH dropping
Most proposals relate the dropping on COT information obtained by DCI format 2_0, so let’s discuss the presence/dropping of CG PDSCH using similar case definitions:
Case 1: CG PDSCH dropping if UE is not configured to monitor DCI format 2_0.
Case 2: CG PDSCH dropping if UE is configured to monitor DCI format 2_0.
Case 2.1: DCI format 2_0 contains SFI and COT duration field.
Case 2.2: DCI format 2_0 contains SFI but not COT duration field.
Case 2.3: DCI format 2_0 contains COT duration field but not SFI.
Case 2.4: DCI format 2_0 contains neither SFI nor COT duration field.

Case 1: CG PDSCH dropping if UE is not configured to monitor DCI format 2_0.
	Q7: For Case 1, under which conditions shall the UE cancel the CG PDSCH reception? Which conditions are not suitable in your view?

	Company
	Comment

	Nokia, NSB
	Same behavior as for CSI-RS, instead of “validate-> is received”

	Qualcomm
	Same as CSI-RS for channel acquisition

	ZTE, Sanechips
	Same behavior as for CSI-RS.

	LG Electronics
	For all cases, same behavior with CSI-RS validation.

	MediaTek
	Same behavior as for CSI-RS.

	Huawei, HiSilicon
	Same as CSI-RS

	Sharp
	Same as for CSI-RS validation.

	Apple
	Same as CSI-RS for channel acquisition

	Samsung
	Same as CSI-RS validation

	vivo
	Same as CSI-RS validation

	OPPO
	Same as CSI-RS validation

	Ericsson
	Clarification: I assume CG PDSCH is DL SPS PDSCH, correct?
With that understanding, here it is our comment:
No additional validation rule is needed for DL SPS. UE can detect DMRS to see if DL SPS is present or not. Please note that even for licensed, gNB is not expected to transmit in DL SPS resources. Not clear the motivation to include a “validation mechanism”. 



Case 2: CG PDSCH dropping if UE is configured to monitor DCI format 2_0.
	Case 2.1: DCI format 2_0 contains SFI and COT duration field.
Q8: For Case 2.1, under which conditions shall the UE cancel the CG PDSCH reception? Which conditions are not suitable in your view?

	Company
	Comment

	Nokia, NSB
	Same behavior as for CSI-RS, instead of “validate-> is received”

	Qualcomm
	Same as CSI-RS for channel acquisition

	ZTE, Sanechips
	Same behavior as for CSI-RS.

	MediaTek
	Same behavior as for CSI-RS.

	Huawei, HiSilicon
	Same as CSI-RS

	Sharp
	Same as for CSI-RS validation.

	Apple 
	Same as CSI-RS for channel acquisition

	Samsung
	Same as CSI-RS validation

	vivo
	Same as CSI-RS validation

	OPPO
	Same as CSI-RS validation

	Ericsson
	Same as CSI-RS validation. However, still we find this discussion not justified because even if DL SPS is validated, it does not mean there is a transmission.  



	Case 2.2: DCI format 2_0 contains SFI but not COT duration field.
Q9: For Case 2.2, under which conditions shall the UE cancel the CG PDSCH reception? Which conditions are not suitable in your view?

	Company
	Comment

	Nokia, NSB
	Same behavior as for CSI-RS, instead of “validate-> is received”

	Qualcomm
	Same as CSI-RS for channel acquisition

	ZTE, Sanechips
	Same behavior as for CSI-RS.

	MediaTek
	Same behavior as for CSI-RS.

	Huawei, HiSilicon
	Same as CSI-RS

	Sharp
	Same as for CSI-RS validation.

	Apple
	Same as CSI-RS for channel acquisition

	Samsung
	Same as CSI-RS validation

	vivo
	Same as CSI-RS validation

	OPPO
	Same as CSI-RS validation

	Ericsson
	Same as CSI-RS validation. However, still we find this discussion not justified because even if DL SPS is validated, it does not mean there is a transmission.  



	Case 2.3: DCI format 2_0 contains COT duration field but not SFI.
Q10: For Case 2.3, under which conditions shall the UE cancel the CG PDSCH reception? Which conditions are not suitable in your view?

	Company
	Comment

	Nokia, NSB
	Same behavior as for CSI-RS, instead of “validate-> is received”

	Qualcomm
	Same as CSI-RS for channel acquisition

	ZTE, Sanechips
	Same behavior as for CSI-RS.

	MediaTek
	Same behavior as for CSI-RS.

	Huawei, HiSilicon
	Same as CSI-RS

	Sharp
	Same as for CSI-RS validation.

	Apple
	Same as CSI-RS for channel acquisition

	Samsung
	Same as CSI-RS validation

	vivo
	Same as CSI-RS validation

	OPPO
	Same as CSI-RS validation

	Ericsson
	Same as CSI-RS validation. However, still we find this discussion not justified because even if DL SPS is validated, it does not mean there is a transmission.  



	Case 2.4: DCI format 2_0 contains neither SFI nor COT duration field.
Q11: For Case 2.4, under which conditions shall the UE cancel the CG PDSCH reception? Which conditions are not suitable in your view?
This case may be the same as Case 1 (no DCI format 2_0 configured), if this case is supported at all.

	Company
	Comment

	Nokia, NSB
	Same behavior as for CSI-RS, instead of “validate-> is received”

	Qualcomm
	Same as CSI-RS for channel acquisition

	ZTE, Sanechips
	Same behavior as for CSI-RS.

	MediaTek
	Same behavior as for CSI-RS.

	Huawei, HiSilicon
	Same as CSI-RS

	Sharp
	Same as for CSI-RS validation.

	Apple 
	Same as CSI-RS for channel acquisition

	Samsung
	Same as CSI-RS validation

	vivo
	Same as CSI-RS validation

	OPPO
	Same as CSI-RS validation

	Ericsson
	No additional validation rule is needed for DL SPS. UE can detect DMRS to see if DL SPS is present or not. Please note that even for licensed, gNB is not expected to transmit in DL SPS resources. Not clear the motivation to include a “validation mechanism”.



	LG Proposal:
For interference measurements based on CSI-IM, the UE shall derive the interference measurements for computing CSI value based on only measurements in OFDM symbols occupied by the serving cell.
For interference measurements based on NZP-CSI-RS, the UE shall not average the interference measurements for computing CSI value across different transmission bursts from the UE’s perspective.
Q12: Do you agree on LG’s proposals?

	Company
	Comment

	Nokia, NSB
	what is difference between “only measurements in OFDM symbols occupied by the serving cell” and “not average across different transmission bursts from the UE’s perspective”

Shouldn’t the wording and behavior be the same for interference measurement and own signal measurement?


	Qualcomm
	LG proposal seems to be reasonable

	ZTE, Sanechips
	Agree and it is repeated with Q15

	LG Electronics
	As a response to Nokia, “only measurements in OFDM symbols occupied by the serving cell” allows averaging across different DL bursts, on the other hand, “not average across different transmission bursts from the UE’s perspective” does not allow averaging across different DL bursts.
The first proposal is based on zero power CSI-RS, so independent on serving cell’s transmission power. That’s why UE is allowed to perform averaging across bursts. However, the second proposal is for interference measurement but based on NZP-CSI-RS for which serving cell’s transmission power can be varied every DL burst. It should be noted that with the exactly same motivation, we already agreed that UE shall not average CSI channel measurement across DL bursts.

	MediaTek
	Agree

	Huawei, HiSilicon
	Agree with the proposals

	Sharp
	Support the proposal.

	Apple
	Agree the proposal. To implement this proposal, we need to specify rules to allow UE to identify “different transmission bursts from the UE’s perspective” 

	Samsung
	Support the proposal and agree with Apple to specify rule to identify transmission burst from UE perspective 

	vivo
	Agree

	OPPO
	agree



CSI-RS transmission power
Q3: What is your view on the following proposals?
	ZTE Proposal:
CSI-RS (for L1-RSRP, RLM, BFD and CBD) should be transmitted with the same power across different occasions during the measurement period. The gNB implementation can achieve this purpose without any specification impacts.

Huawei Proposal:
Confirm RAN4’s question that a UE can assume that CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period.

Samsung Proposal:
UE can assume that CSI-RS is transmitted with the same transmit power across different occasions during the measurement period.

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

Q13: Do you agree that a UE can assume that CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period? Do you see a need to capture this in RAN1 specifications, or is a reply LS to RAN4 sufficient?

	Company
	Comment

	Nokia, NSB
	Discussed under [101-e-NR-unlic-NRU-InitAccessProc-06] Reply LS on transmit power of CSI-RS across different occasions

	Qualcomm
	Not sure where to capture in RAN1 spec, but the equal power assumption seems to be critical for RLM/RRM procedure to work.

	ZTE, Sanechips
	Agree with this proposal and tend to support to reply a LS to RAN4.

	MediaTek
	Discussed under [101-e-NR-unlic-NRU-InitAccessProc-06]

	Huawei, HiSilicon
	Agreed with proposal. Discussed in [101-e-NR-unlic-NRU-InitAccessProc-06]

	Moderator
	Discussion closed here and deferred to [101-e-NR-unlic-NRU-InitAccessProc-06].



SSB transmission power
	Huawei Proposal:
Confirm RAN4’s question that a UE can assume that SSB (for SSB-based RRM measurements) is transmitted with same transmit power across different occasions during the measurement period.

Q14: Do you agree that a UE can assume that SSB (for SSB-based RRM measurements) is transmitted with same transmit power across different occasions during the measurement period? Do you see a need to capture this in RAN1 specifications, or is a reply LS to RAN4 sufficient?

	Company
	Comment

	Nokia, NSB
	Discussed under [101-e-NR-unlic-NRU-InitAccessProc-06] Reply LS on transmit power of CSI-RS across different occasions

	Qualcomm
	Equal power assumption seems to be critical for RLM/RRM procedure to work.

	ZTE, Sanechips
	Agree with this proposal and we do not think it needs to be captured in RAN1 spec. Only need to reply a LS to RAN4.

	MediaTek
	Discussed under [101-e-NR-unlic-NRU-InitAccessProc-06]

	Huawei, HiSilicon
	Agreed with proposal. Discussed in [101-e-NR-unlic-NRU-InitAccessProc-06]

	Moderator
	Discussion closed here and deferred to [101-e-NR-unlic-NRU-InitAccessProc-06].



CSI interference measurements
	LG Proposal:
For interference measurements based on CSI-IM, the UE shall derive the interference measurements for computing CSI value based on only measurements in OFDM symbols occupied by the serving cell.
For interference measurements based on NZP-CSI-RS, the UE shall not average the interference measurements for computing CSI value across different transmission bursts from the UE’s perspective.
Q15: Do you agree on LG’s proposals?

	Company
	Comment

	Nokia, NSB
	what is difference between “only measurements in OFDM symbols occupied by the serving cell” and “not average across different transmission bursts from the UE’s perspective”

Shouldn’t the wording and behavior be the same for interference measurement and own signal measurement?


	Qualcomm
	Same as Q12?

	ZTE, Sanechips
	Agree and it is repeated with Q12.

	
	



Summary of Discussion and Suggestions
Validation of CSI-RS
Case 1: CSI-RS validation if UE is not configured to monitor DCI format 2_0.
Case 2: CSI-RS validation if UE is configured to monitor DCI format 2_0.
Case 2.1: DCI format 2_0 contains SFI and COT duration field.
Case 2.2: DCI format 2_0 contains SFI but not COT duration field.
Case 2.3: DCI format 2_0 contains COT duration field but not SFI.
Case 2.4: DCI format 2_0 contains neither SFI nor COT duration field.
Case 3: CSI-RS validation outside of indicated COT (e.g. during DRS).
FL suggestions:
Continue discussion for Case 1 and Case 2.4, considering re-use of existing RRC parameters or introduction of a new RRC parameter to configure between different UE behaviours, and whether a UE capability is necessary for this.
For Case 2.1 and Case 2.2, conclude that no new CSI-RS cancellation conditions are introduced in Rel-16.
For Case 2.3, UE cancels the CSI-RS reception if the CSI-RS location is outsides the CO duration indicated by the COT duration field.
For Case 3, there may be more discussion necessary, possibly rather in the initial acces context and for the purpose of mobility measurements.
CG PDSCH dropping
There seems to be almost consenus that CG PDSCH cancellation follows the CSI-RS cancellation for the identified cases (Q7-Q11).
FL suggestion: Conclude that UE cancels the CG PDSCH reception following the CSI-RS cancellation in identified Cases 1, 2.1, 2.2, 2.3, 2.4.
CSI interference measurements
Regarding interference measurements (duplication Q12/Q15), the following proposal by LG seems to have almost consensus:
	For interference measurements based on CSI-IM, the UE shall derive the interference measurements for computing CSI value based on only measurements in OFDM symbols occupied by the serving cell.
For interference measurements based on NZP-CSI-RS, the UE shall not average the interference measurements for computing CSI value across different transmission bursts from the UE’s perspective.



FL suggestion: Briefly check online if the above proposal is agreeable.
Suggestions and Text Proposals at the end of the meeting
For agreements reached during RAN1#101-e, please find text proposals or suggestions how to move on.
	Agreement:
When DCI 2_0 contains COT duration, but not SFI, UE cancels the reception of CSI-RS configured by higher layers at least on flexible symbols (including the case where no semi-static TDD configuration is provided to the UE) if the CSI-RS location is outside the CO duration indicated by the COT duration field.
Agreement:
Modify the previous agreement as below:
When DCI 2_0 contains COT duration, but not SFI, UE cancels the reception of periodic or semi-persistent CSI-RS configured by higher layers at least on downlink and flexible symbols (including the case where no semi-static TDD configuration is provided to the UE) if the periodic or semi-persistent CSI-RS location is outside the CO duration indicated by the COT duration field.
Agreement (Revised):
[bookmark: _Hlk42245040]A new RRC parameter can be used to determine reception/cancellation behaviour for CSI-RS configured by higher layers at least for the following cases:
· Reception of DCI 2_0 is not configured to the UE
· Reception of DCI 2_0 is configured to the UE, but both SFI and CO-duration are not configured

Agreement:
· For operation with shared spectrum channel access, the new RRC parameter (as in previous agreement) is used to determine the UE behavior at least when UE is not configured with CO-duration and not configured with SFI as follows:
· If the RRC parameter is configured, when the UE is configured by higher layers to receive periodic and semi-persistent CSI-RS in a set of symbols in a slot, the UE cancels the higher-layer configured periodic and semi-persistent CSI-RS reception in the set of symbols in the slot if:
· The UE does not detect a DCI format indicating to the UE to receive aperiodic CSI-RS or PDSCH in the set of symbols
· If the parameter is not configured, the UE cancels/receives the higher-layer configured periodic and semi-persistent CSI-RS reception according to current Clause 11.1 of TS38.213 and agreements we reached so far
· Note: Other rules in the specification apply for cancellation/reception in addition to the what is described in this agreement



[bookmark: _Hlk42138816][bookmark: _Hlk41670064]FL Comment: TP#1 along with cover sheet information is provided below.

The following proposals can be considered as a starting point for further discussion in RAN1#102-e.
	Proposal:
·         For interference measurements based on NZP-CSI-RS, the UE shall not average the interference measurements for computing CSI value across different transmission bursts from the UE’s perspective.
Alt1:
·         For interference measurements based on CSI-IM, the UE shall not derive the interference measurements for computing CSI value based on only measurements in OFDM symbols not occupied by the serving cell.
Alt2:
·         For interference measurements based on CSI-IM,  the UE shall not average the interference measurements for computing CSI value across different transmission bursts from the UE’s perspective.

Proposal:
Correct clause 11.1.1 in 38.213 so that it applies to cases where one or more of  slotFormatCombToAddModList, slotFormatCombToReleaseList, availableRB-SetToAddModList-r16, SearchSpaceSwitchTrigger-r16, co-DurationPerCellList-r16 are configured.



[bookmark: _GoBack]TP #1 for 38.213 (based on v16.1.0)
Reasons for change:
Reflect the following agreements:
· When DCI 2_0 contains COT duration, but not SFI, UE cancels the reception of periodic or semi-persistent CSI-RS configured by higher layers on downlink and flexible symbols (including the case where no semi-static TDD configuration is provided to the UE) if the periodic or semi-persistent CSI-RS location is outside the CO duration indicated by the COT duration field. 
· A new RRC parameter can be used to determine reception/cancellation behaviour for CSI-RS configured by higher layers at least for the following cases:
· Reception of DCI 2_0 is not configured to the UE
· Reception of DCI 2_0 is configured to the UE, but both SFI and CO-duration are not configured
· For operation with shared spectrum channel access, the new RRC parameter (as in previous agreement) is used to determine the UE behavior at least when UE is not configured with CO-duration and not configured with SFI as follows:
· If the RRC parameter is configured, when the UE is configured by higher layers to receive periodic and semi-persistent CSI-RS in a set of symbols in a slot, the UE cancels the higher-layer configured periodic and semi-persistent CSI-RS reception in the set of symbols in the slot if:
· The UE does not detect a DCI format indicating to the UE to receive aperiodic CSI-RS or PDSCH in the set of symbols

Summary of changes:
1. Add p/sp-CSI-RS cancellation rule if the UE is not configured with CO-DurationPerCell-r16 and not configured with SlotFormatIndicator in clause 11.1.
2. Add p/sp-CSI-RS cancellation rule if the UE is configured with CO-DurationPerCell-r16 and not configured with SlotFormatIndicator in clause 11.1.1.
Specs/clauses affected:
TS 38.213 clause 11.1 and 11.1.1.
Consequences if not approved:
Incomplete specification of periodic and semi-persistent CSI-RS cancellation.

[bookmark: _Ref500831375][bookmark: _Toc12021489][bookmark: _Toc20311601][bookmark: _Toc26719426][bookmark: _Toc29894862][bookmark: _Toc29899161][bookmark: _Toc29899579][bookmark: _Toc29917318][bookmark: _Toc36498192]11.1	Slot configuration
<unchanged text omitted>
For operation with shared spectrum channel access, if a UE is configured by higher layers with parameter ABC, and if the UE is not configured with CO-DurationPerCell-r16 and not configured with SlotFormatIndicator, and if the UE is configured by higher layers to receive periodic CSI-RS or semi-persistent CSI-RS in a set of symbols in a slot, the UE cancels the higher-layer configured periodic and semi-persistent CSI-RS reception in the set of symbols in the slot if the UE does not detect a DCI format triggering aperiodic CSI-RS or scheduling PDSCH in the set of symbols. 
<unchanged text omitted>

[bookmark: _Toc12021490][bookmark: _Toc20311602][bookmark: _Toc26719427][bookmark: _Toc29894863][bookmark: _Toc29899162][bookmark: _Toc29899580][bookmark: _Toc29917319][bookmark: _Toc36498193]11.1.1	UE procedure for determining slot format
<unchanged text omitted>
For operation with shared spectrum channel access, if a UE is configured by higher layers with CO-DurationPerCell-r16 and not configured with SlotFormatIndicator, for a set of symbols of a slot that are indicated as downlink or flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, the UE cancels the reception of periodic CSI-RS and semi-persistent CSI-RS in the set of symbols that are not within the indicated remaining channel occupancy duration.
<unchanged text omitted>
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