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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#100bis-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
· Channel occupancy duration field
[bookmark: _GoBack]In RAN1#100-e meeting, it was agreed that the value for a channel occupancy duration value (co-Duration-r16) can range from 0 to 20 ms with a granularity of one symbol. One remaining issue for indicating the channel occupancy duration value is to determine its starting position. Simply, it can start from the ending boundary of a slot where the corresponding DCI format 2_0 is detected.

Proposal #1: Adopt the following text proposal in TS 38.213 section 11.1.1.
	[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 parts are omitted>
-	a location of a channel occupancy duration field in DCI format 2_0, by CO-DurationPerCell-r16, that indicates a remaining channel occupancy duration for the serving cell starting from the end of a slot where the UE detects the DCI format 2_0 by providing a value from CO-DurationList-r16. The channel occupancy duration field includes  bits, where  is the number of values provided by CO-DurationList-r16. If CO-DurationPerCell-r16 is not provided, the remaining channel occupancy duration for the serving cell is a number of slots, starting from a slot where the UE detects the DCI format 2_0, that the SFI-index field value provides corresponding slot formats



· 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: 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 #2: 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 on 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 #3: 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 ignores 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 '0' indicates that an RB set is available for receptions and a value of '1' 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 one state for the bitmap.
Secondly, the interpretation of all one state for the bitmap may depend on whether the code point of bitmap indicating available RB sets for its own carrier corresponds to all ‘1’ or not. Figure 2 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 one state for carriers #1 and #2. If a UE detects DCI format 2_0 transmitted in carrier #1, the UE recognizes that all one 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 ‘00’ (not all one state), the UE can consider that all one 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 #4: 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 ‘1’,
· 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 ‘1’, 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 ‘1’, the UE does not expect any DL receptions on the second carrier during channel occupancy time.

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.

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

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 a serving 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  denote 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#99, it was agreed that UE shall not average CSI-RS measurements for channel estimation across different transmission bursts from the UE's perspective. In addition to this, more aspects of CSI measurement need to be discussed.
In LTE LAA, common PDCCH provides information on how many symbols for DL are transmitted in the current or next subframe and UE is not required to perform CSI measurement for the current subframe if UE does not detect common PDCCH both in the previous and current subframes. Therefore, LTE LAA UE confirms the presence of reference signal relying on detection of the common PDCCH. Similar to LTE LAA, NR-U UE can also confirm the presence of CSI-RS in a slot by detecting DCI format 2_0 that indicates channel occupancy structure and SFI for the slot. In other words, a UE is not required to perform CSI measurement in a slot if the UE does not detect any DCI format 2_0 indicating channel occupancy structure and/or SFI for the slot. Furthermore, we need to consider the case where DCI format 2_0 is not configured to a UE. In that case, CSI measurement can be performed only in the slot where PDCCH or PDSCH for the UE is detected or AP-CSI-RS for the UE is triggered.

Proposal #8: For a UE configured with DCI format 2_0, the UE is not required to perform CSI measurement in a slot if the UE does not detect any DCI format 2_0 that can indicate channel occupancy structure and/or SFI for the slot.
Proposal #9: For a UE not configured with DCI format 2_0, the UE is not required to perform CSI measurement in the slot where PDCCH or PDSCH for the UE is not detected or AP-CSI-RS for the UE is not triggered.

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 CSI interference measurement based on ZP-CSI-RS, UE is not allowed to perform interference measurement outside serving cell’s transmission burst.
Proposal #11: For CSI interference measurement based on NZP-CSI-RS, UE is not required to average CSI interference measurements across serving cell’s transmission bursts.

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.
Proposal #1: Adopt the following text proposal in TS 38.213 section 11.1.1.
	11.1.1	UE procedure for determining slot format
<Unchanged parts are omitted>
-	a location of a channel occupancy duration field in DCI format 2_0, by CO-DurationPerCell-r16, that indicates a remaining channel occupancy duration for the serving cell starting from the end of a slot where the UE detects the DCI format 2_0 by providing a value from CO-DurationList-r16. The channel occupancy duration field includes  bits, where  is the number of values provided by CO-DurationList-r16. If CO-DurationPerCell-r16 is not provided, the remaining channel occupancy duration for the serving cell is a number of slots, starting from a slot where the UE detects the DCI format 2_0, that the SFI-index field value provides corresponding slot formats


Observation #1: 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 #2: 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 #3: 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 ignores slot format information corresponding to slots outside of gNB’s channel occupancy time.
Proposal #4: 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 ‘1’,
· 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 ‘1’, 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 ‘1’, the UE does not expect any DL receptions on the second carrier during channel occupancy time.
Proposal #5: RB set indicator field for a serving cell in DCI format 2_0 may not be configured only when the serving cell is configured with a single RB set or no guard band.
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 a serving 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  denote 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 a UE configured with DCI format 2_0, the UE is not required to perform CSI measurement in a slot if the UE does not detect any DCI format 2_0 that can indicate channel occupancy structure and/or SFI for the slot.
Proposal #9: For a UE not configured with DCI format 2_0, the UE is not required to perform CSI measurement in the slot where PDCCH or PDSCH for the UE is not detected or AP-CSI-RS for the UE is not triggered.
Proposal #10: For CSI interference measurement based on ZP-CSI-RS, UE is not allowed to perform interference measurement outside serving cell’s transmission burst.
Proposal #11: For CSI interference measurement based on NZP-CSI-RS, UE is not required to average CSI interference measurements across serving cell’s transmission bursts.
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