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1. Introduction

In this contribution, we discuss the following remaining issues of DL signals and channels for NR-U, to be handled in RAN1#101-e.
· Channel occupancy indication via DCI format 2_0
· Search space set group switching
· CSI measurement

2. Channel occupancy indication via DCI format 2_0
· SFI-index field
In RAN1#100-e meeting, it was discussed whether or not a UE is allowed to monitor DCI format 2_0 not containing SFI-index field.
	11.1.1	UE procedure for determining slot format
This clause applies for a serving cell that is included in a set of serving cells configured to a UE by slotFormatCombToAddModList and slotFormatCombToReleaseList.
If a UE is configured by higher layers with parameter SlotFormatIndicator, the UE is provided a SFI-RNTI by sfi-RNTI and with a payload size of DCI format 2_0 by dci-PayloadSize. 


Based on above paragraphs quoted from TS 38.213 specification, it is observed that only for a serving cell configured with slotFormatCombToAddModList and slotFormatCombToReleaseList, a UE can monitor DCI format 2_0 associated with the serving cell based on provided SFI-RNTI and its payload size.

Observation #1: Based on RAN1 Rel-15 NR specification, in order to enable a UE to monitor DCI format 2_0 for a serving cell, SFI-index field should be configured for the serving cell.

Therefore, for NR-U, it should be the baseline for a UE to assume that SFI-index field is always configured in DCI format 2_0, same as in Rel-15 NR.

Proposal #1: For NR-U, in order to enable a UE to monitor DCI format 2_0 for a serving cell, SFI-index field should be configured for the serving cell, same as in Rel-15.

In addition to SFI-index field, channel occupancy duration field can be configured in DCI format 2_0 for the same serving cell. In this case, it may happen that remaining channel occupancy time is shorter than the number of slots for which SFI-index field provides corresponding slot formats, since the minimum number of slots for each SFI-index field is pre-defined based on the periodicity configured for associated search space set. Considering slot format information outside of channel occupancy acquired by gNB may not be guaranteed, it would be beneficial for a UE to ignore slot format information outside of remaining channel occupancy.

Proposal #2: If a UE detects DCI format 2_0 indicating remaining channel occupancy time shorter than the number of slots for which SFI-index field provides corresponding slot formats, the UE shall ignore slot format information corresponding to slots outside of gNB’s channel occupancy time.

· RB set indicator field
DCI format 2_0 for NR-U can be used for notifying available RB sets, in addition to channel occupancy duration, search space set group switching, and slot format (as in Rel-15). Especially for indicating available RB sets, the UE can be provided with a location of a bitmap in DCI format 2_0, having a one-to-one mapping with a set of RB sets of the serving cell, where a value of '1' indicates that an RB set is available for receptions and a value of '0' indicates that an RB set is not available for receptions, by availableRB-SetPerCell-r16, and the bitmap in DCI format 2_0. The RB set remains available or unavailable until the end of the indicated channel occupancy duration, as described in TS 38.213 section 11.1.1.
First of all, it should be clarified how to inform in which RB set(s) serving gNB is transmitting at the beginning in its DL burst. The serving gNB may not have sufficient processing time to signal its actually transmitting RB set(s) since gNB cannot predict LBT outcome before starting to transmit DL burst. For this case, the serving gNB can indicate that this slot is at the beginning of its DL burst by using all zero state for the bitmap. It should be noted that transmission of DCI format 2_0 at the beginning of DL burst could be beneficial for UL cancellation by using SFI index field or for SS set switching by using switching flag and CO duration field.
Secondly, the interpretation of all zero state for the bitmap may depend on whether the code point of bitmap indicating available RB sets for its own carrier corresponds to all ‘0’ or not. Figure 1 depicts one example of DCI format 2_0 with available RB sets for both of carriers #1 and #2, where gNB grabs the channel only for carrier #1 with 2 RB sets but not for carrier #2. In Slot#n, gNB transmits DCI format 2_0 with all zero state for carriers #1 and #2. If a UE detects DCI format 2_0 transmitted in carrier #1, the UE recognizes that all zero state for the same carrier #1 and also for the other carrier #2 represents the beginning of DL burst. On the other hand, in Slot#n+2, since the code point of bitmap for carrier #1 corresponds to ‘11’ (not all zero state), the UE can consider that all zero state for the other carrier #2 represents the gNB cannot access the channel due to LBT failure.

[image: ]
Figure 1. Example of DCI format 2_0 notifying available RB sets for multiple carriers

Proposal #3: If a UE is monitoring a DCI format 2_0 indicating available RB sets for the first carrier and also for the second carrier and the UE detects the DCI format 2_0 on the first carrier,
· If the bitmap corresponding to the first carrier is signalled to all ‘0’,
· The UE recognizes that DL burst has just started to be transmitted for the first carrier and also for the second carrier where the corresponding bitmap is signalled to all ‘0’, and the UE expects that available RB sets for the first and second carriers may be updated during this DL burst.
· Otherwise,
· For the second carrier where the corresponding bitmap is signalled to all ‘0’, the UE does not expect any DL receptions on the second carrier during channel occupancy time.

Considering that above Proposal #3 would have an impact only for PDCCH monitoring behaviour, the following text proposal can be suggested.

Proposal #4: Adopt the following text proposal in TS 38.213 section 10.
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<Unchanged texts are omitted>
If a UE is provided availableRB-SetPerCell-r16, the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by DCI format 2_0 as described in Clause 11.1.1, except that all RB set(s) for a serving cell where DCI format 2_0 is detected are indicated as unavailable for receptions.



Additionally, in RAN1#100-e meeting, UE behaviour for the carrier not configured with RB set indicator field was discussed. In our view, this case is allowed only when the carrier is configured with a single RB set or is not configured with any RB set (i.e., no guard band configuration). In other words, UE is expected that RB set indicator field should be configured for a carrier configured with more than one RB sets. One additional condition to allow no RB set indicator field for a carrier could be when DCI format 2_0 is configured to be monitored on the carrier. For instance, in case of cross-carrier indication of DCI format 2_0 for a zero guard band carrier, if RB set indicator field is not configured for the carrier, it could be ambiguous to indicate that the carrier is not available for DL reception.

Proposal #5: RB set indicator field for a serving cell in DCI format 2_0 may not be configured only if the serving cell is configured with a single RB set or no guard band and if DCI format 2_0 for the serving cell is configured to be monitored on the serving cell.

3. PDCCH monitoring for grouped search space sets
It should be discussed how a UE performs PDCCH monitoring skipping procedure if the UE is configured with number of monitored PDCCH candidates or non-overlapped CCEs more than its blind decoding capability. One way is to just follow Rel-15 rule (which implies to apply search space set dropping rule for all of configured UE-specific search space sets) and drop search space sets associated to group 0 if switch to group 1 is indicated, and vice versa. However, this may result in excessive dropping of PDCCH monitoring occasions since only one of two groups will be allowed to be monitored. The other way is to apply search space set dropping rule per search space set group. For instance, if UE-specific search space sets #1/3/4 are configured as group 0 and UE-specific search space sets #2/4 are configured as group 1 for a slot, UE applies search space set dropping rule twice, one for search space sets #1/3/4 and the other for search space sets #2/4. Additional point to be considered is that search space set dropping rule per group should be also applied to type3-PDCCH CSS since it was agreed that type3-PDCCH CSS and USS can be configured with searchSpaceGroupIdList-r16. Therefore, the following proposal and text proposal for TS 38.213 section 10.1 can be made.

Proposal #6: If a UE is provided with two groups of search space sets and configured with the number of monitored PDCCH candidates (or non-overlapped CCEs) for a slot more than blind decoding capability for the UE, the UE applies search space set dropping rule per search space set group for type3-PDCCH CSS and USS sets.
<Text proposal in TS 38.213 section 10.1>
	The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: ] in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided value 0 for first CORESETs, and is provided value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. If a UE is provided a group index for a respective search space set by searchSpaceGroupIdList-r16 for PDCCH monitoring on the primary cell, the following pseudocode applies separately to USS sets with group index 0 and to USS sets with group index 1, and for each pseudocode,  and  are replaced by the number of non-overlapping CCEs and PDCCH candidates for CSS sets corresponding to each group index, respectively.



In RAN1#100-e meeting, it was agreed to support search space set group switching for type3-PDCCH CSS set. For type3-PDCCH CSS set, DCI format 2_0 scrambled by SFI-RNTI can be configured to be monitored. As a result, two type3-PDCCH CSS sets can be configured for DCI format 2_0 where one is for group index 0 and the other is for group index 2 and they have different periodicities. Since the minimum number of slots for each SFI-index field is pre-defined based on the periodicity configured for associated search space set, it should be discussed how to configure SFI-index field when two search space sets having different periodicities are configured to monitor DCI format 2_0. For this case, the following two alternatives can be considered.
· Alt 1: Configure two sets of higher layer parameter SlotFormatIndicator, one is for type3-PDCCH CSS set configured with group index 0 and the other is for type3-PDCCH CSS set configured with group index 1
· Alt 2: Configure higher layer parameter SlotFormatIndicator based on the maximum of two different periodicities
Considering impact of RRC parameter, Alt 2 is preferred. Therefore, the following proposal and text proposal can be given.

Proposal #7: If a UE is provided with two groups for type3-PDCCH CSS sets associated with DCI format 2_0, the number of slots for each SFI-index field is at least the maximum of periodicities configured for type3-PDCCH CSS sets.
<Text proposal in TS 38.213 section 10.1>
	A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. If the UE is provided group indexes for type3-PDCCH CSS sets to monitor the DCI format 2_0 by searchSpaceGroupIdList-r16 for PDCCH monitoring on the serving cell, the number of slots is equal to or larger than the maximum of PDCCH monitoring periodicities provided with corresponding type3-PDCCH CSS sets. Otherwise, tThe number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes [image: ] bits where maxSFIindex is the maximum value of the values provided by corresponding slotFormatCombinationId. A slot format is identified by a corresponding format index as provided in Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U' denotes an uplink symbol, and 'F' denotes a flexible symbol.



4. CSI measurement
In RAN1#100bis-e, the following agreement was made as an outcome of the discussion on CSI-RS validation.
	Agreement:
RAN1 to decide in RAN#101e whether R16 supports the case where UE is not configured with SFI-index field but configured with any of the following:  CO-duration, SS-switching trigger and RB-sets indication in DCI format 2_0


Based on the above agreement, we provide our views for the following three cases, from the perspective of CSI-RS validation, if DCI format 2_0 is configured.
· Case 1: DCI format 2_0 contains at least SFI index field.
· Case 2: DCI format 2_0 contains at least either SFI index field or CO duration field.
· Case 3: DCI format 2_0 can contain any of {SFI index, CO duration, RB set indicator, SSSG switching flag}

For Case 1 (DCI format 2_0 contains at least SFI index field),
· If DCI format 2_0 contains SFI index but not CO duration, UE follows Rel-15 rule for CSI-RS validation, that is, UE receives P/SP-CSI-RS only for the case where P/SP-CSI-RS on symbols configured as flexible by higher layer signalling are indicated as downlink by DCI format 2_0.
· If DCI format 2_0 contains both of SFI index and CO duration, UE follows Rel-15 rule for CSI-RS validation except the necessity to handle the case where DCI format 2_0 indicates remaining channel occupancy time shorter than duration provided by SFI-index field, such as Proposal #2 above.
For Case 2 (DCI format 2_0 contains at least either SFI index field or CO duration field),
· If DCI format 2_0 contains SFI index but not CO duration, or if DCI format 2_0 contains both of SFI index and CO duration, UE behaviour is the same as in Case 1.
· If DCI format 2_0 contains CO duration but not SFI index, the following methods can be considered (also can be applied to higher layer configured SPS PDSCH or higher layer configured UL signal/channels):
· Method 1: Within CO duration, UE behaves as if DCI format 2_0 were not to be detected in Rel-15. In other words, UE receives P/SP-CSI-RS unless P/SP-CSI-RS symbols configured as flexible by higher layer signalling are scheduled by UL grant.
· Method 2: For more controllability on RRC-configured P/SP-CSI-RS resources, explicit 1 bit field in DCI format 2_0 can be introduced, where P/SP-CSI-RS within CO duration is valid only when the corresponding bit is set to ‘1’. (For higher layer configured UL case, this bit can be reused or separate 1 bit field can be added)
For Case 3 (DCI format 2_0 can contain any of {SFI index, CO duration, RB set indicator, SSSG switching flag}),
· If DCI format 2_0 contains neither SFI index nor CO duration, the definition of remaining COT duration should be clarified. One possible way could be to define minimum COT duration (e.g., 1 slot) as remaining COT duration for this case. Especially for the case of FBE, remaining COT duration can be defined to the end of FFP (excluding idle region).
· If DCI format 2_0 contains SFI index but not CO duration, or if DCI format 2_0 contains both of SFI index and CO duration, UE behaviour is the same as in Case 1.
· If DCI format 2_0 contains CO duration but not SFI index, the methods suggested for Case 2 can be applied within defined COT duration.

As described above, if DCI format 2_0 is allowed not to contain SFI index field, RAN1 should discuss CSI-RS validation rule at least for Cases 2 and 3, potentially also needs to discuss how to define remaining COT duration for Case 3 and how to control higher layer configured SPS PDSCH or UL signal/channels within COT duration. On the other hand, if DCI format 2_0 includes at least SF index field, as in Rel-15, the already well-defined rules can be applied as much as possible without further discussion/consensus. Therefore, since significant benefit by allowing Cases 2 and 3 is not observed at the cost of RAN1’s further discussion during maintenance stage, we strongly prefer to allow only Case 1 for Rel-16 NR-U.

Proposal #8: For Rel-16 NR-U, do not support the case where UE is configured with DCI format 2_0 for a serving cell but not configured with SFI-index field for the serving cell.

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.
[bookmark: _GoBack]
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.

5. Conclusion
In this contribution, we provided our views on the remaining issues of DL signals and channels for NR-U and observation/proposals are as follows.
Observation #1: Based on RAN1 Rel-15 NR specification, in order to enable a UE to monitor DCI format 2_0 for a serving cell, SFI-index field should be configured for the serving cell.
Proposal #1: For NR-U, in order to enable a UE to monitor DCI format 2_0 for a serving cell, SFI-index field should be configured for the serving cell, same as in Rel-15.
Proposal #2: If a UE detects DCI format 2_0 indicating remaining channel occupancy time shorter than the number of slots for which SFI-index field provides corresponding slot formats, the UE shall ignore slot format information corresponding to slots outside of gNB’s channel occupancy time.
Proposal #3: If a UE is monitoring a DCI format 2_0 indicating available RB sets for the first carrier and also for the second carrier and the UE detects the DCI format 2_0 on the first carrier,
· If the bitmap corresponding to the first carrier is signalled to all ‘0’,
· The UE recognizes that DL burst has just started to be transmitted for the first carrier and also for the second carrier where the corresponding bitmap is signalled to all ‘0’, and the UE expects that available RB sets for the first and second carriers may be updated during this DL burst.
· Otherwise,
· For the second carrier where the corresponding bitmap is signalled to all ‘0’, the UE does not expect any DL receptions on the second carrier during channel occupancy time.
Proposal #4: Adopt the following text proposal in TS 38.213 section 10.
	10	UE procedure for receiving control information
<Unchanged texts are omitted>
If a UE is provided availableRB-SetPerCell-r16, the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by DCI format 2_0 as described in Clause 11.1.1, except that all RB set(s) for a serving cell where DCI format 2_0 is detected are indicated as unavailable for receptions.


Proposal #5: RB set indicator field for a serving cell in DCI format 2_0 may not be configured only if the serving cell is configured with a single RB set or no guard band and if DCI format 2_0 for the serving cell is configured to be monitored on the serving cell.
Proposal #6: If a UE is provided with two groups of search space sets and configured with the number of monitored PDCCH candidates (or non-overlapped CCEs) for a slot more than blind decoding capability for the UE, the UE applies search space set dropping rule per search space set group for type3-PDCCH CSS and USS sets.
<Text proposal in TS 38.213 section 10.1>
	The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: ] in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided value 0 for first CORESETs, and is provided value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. If a UE is provided a group index for a respective search space set by searchSpaceGroupIdList-r16 for PDCCH monitoring on the primary cell, the following pseudocode applies separately to USS sets with group index 0 and to USS sets with group index 1, and for each pseudocode,  and  are replaced by the number of non-overlapping CCEs and PDCCH candidates for CSS sets corresponding to each group index, respectively.


Proposal #7: If a UE is provided with two groups for type3-PDCCH CSS sets associated with DCI format 2_0, the number of slots for each SFI-index field is at least the maximum of periodicities configured for type3-PDCCH CSS sets.
<Text proposal in TS 38.213 section 10.1>
	A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. If the UE is provided group indexes for type3-PDCCH CSS sets to monitor the DCI format 2_0 by searchSpaceGroupIdList-r16 for PDCCH monitoring on the serving cell, the number of slots is equal to or larger than the maximum of PDCCH monitoring periodicities provided with corresponding type3-PDCCH CSS sets. Otherwise, tThe number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes [image: ] bits where maxSFIindex is the maximum value of the values provided by corresponding slotFormatCombinationId. A slot format is identified by a corresponding format index as provided in Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U' denotes an uplink symbol, and 'F' denotes a flexible symbol.


Proposal #8: For Rel-16 NR-U, do not support the case where UE is configured with DCI format 2_0 for a serving cell but not configured with SFI-index field for the serving cell.
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.
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.
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