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1. Introduction

In RAN1#97, RAN1#98, and RAN1#98bis [1]-[3], we made following agreements related to physical layer design of DL signals and channels for NR-U.

	Agreement:
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 

· FFS: A duration of 14

· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)

· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.

· FFS: Some duration(s) are mandatory for the UE to support for initial access

· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 

· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI

· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15

Agreement:
· The following is agreed for DM-RS positions for PDSCH mapping Type B of length 9 and 10:

PDSCH mapping type B
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· If the PDSCH duration [image: image10.png]


 is 10 OFDM symbols for normal cyclic prefix, and if at least one of the DM-RS symbols corresponding to the PDSCH allocation collides with resources reserved for at least one of the symbols of a LTE CRS transmission, 
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shall be incremented by 1
· FFS: Whether the increment is applicable to all slots or a subset of slots
Conclusion:
· PDSCH type B durations 9,10 will not be optimised for double symbol DM-RS for avoiding LTE-CRS collisions

Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)
Agreement:
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0

· The following are configurable by RRC:

· Presence of this bit-field

· Location of this bit-field in the DCI

· Length of this bit-field in the DCI 

· FFS: Whether a single value will suffice in which case, the length is not configurable

· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value

· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT

· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)

· FFS: details for this SFI-based mechanism

· FFS: Whether the duration is encoded as e.g., total length or remaining length.

· FFS: Granularity the signalled duration

Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.

· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.

· Alt 2: explicitly in GC-PDCCH and/or PDCCH

· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication

· A single search space set can be part of more than one group.

· It is up to RAN2 to optimize the signalling to minimize overhead.


In this contribution, we discuss a mechanism to detect gNB’s transmission, PDCCH/PDSCH/CSI-RS, and channel occupancy structure indication for NR-U operation.
2. Channel occupancy structure indication
In RAN1#94bis meeting, it was agreed that the indication of the channel occupancy structure in the time domain has been identified as being beneficial. In detail, at least following advantages can be taken by indicating channel occupancy structure for NR-U.

· During indicated DL symbol/slot(s),

·  UE can perform PDCCH monitoring, PDSCH reception, CSI measurement, and so on, same as Rel-15 NR.

· During indicated/shared UL symbol/slot(s),

·  UE can transmit dynamically indicated and/or higher layer configured UL transmission, same as Rel-15 NR.

·  UE can save power by adjusting PDCCH monitoring behaviour (e.g., reducing PDCCH monitoring efforts)

·  UE can perform category 1 or 2 LBT for UL transmission within shared gNB’s channel occupancy

To be specific, GC-PDCCH seems desirable to indicate the channel occupancy structure considering signalling overhead reduction compared to the case where UE-specific PDCCH is used for indicating channel occupancy structure. At least the following functionalities are required to be supported for GC-PDCCH indicating gNB’s channel occupancy structure.

· T-domain channel occupancy indication

·  Symbol-level dynamic DL/UL direction indication, similar to slot format indicator in Rel-15

·  Duration of channel occupancy in time domain

· F-domain channel occupancy indication

·  gNB’s LBT outcome across carriers and/or LBT-BWs in a carrier

· DL-to-UL sharing

·  LBT category control for UL transmission within gNB’s channel occupancy

·  Whether to allow CG PUSCH transmission within gNB’s channel occupancy or not

· T-domain channel occupancy indication

Dynamic SFI indication applied for Rel-15 NR can be a starting point for time domain channel occupancy indication. In detail, a specific code point in GC-PDCCH can indicate D/U/F per OFDM symbol for K slots where K is not less than configured periodicity for GC-PDCCH. In addition to SFI, remaining channel occupancy time (COT) should be signalled separately. Thus, UE may need to interpret t-domain channel occupancy information by combining SFI and remaining COT length. For instance, GC-PDCCH that UE received at slot#n may contain SFI corresponding to next k slots (i.e., from slot#n to slot#n+k-1) and remaining COT length of k-2 slots, as shown in Figure 1. In this case, UE may discard SFI from slot#n+k-2 to slot#n+k-1.
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Figure 1. Example of GC-PDCCH signalling SFI and remaining COT length
Proposal #1: COT duration bit-field for a serving cell in a GC-PDCCH indicates remaining COT length from the slot containing the GC-PDCCH.

Proposal #2: If both of COT duration bit-field and SFI are configured for a GC-PDCCH, UE ignores SFI corresponding to slots which are not included in remaining COT length.
In addition, even for the case where COT duration bit-field is not configured but SFI is available in DCI format 2_0, UE needs to determine end-of-COT. The following two options can be considered for a UE to determine until when the current gNB’s CO is occupied.
· Option 1: End-of-COT corresponds to the last slot provided with indicated SFI value.
· Option 2: End-of-COT corresponds to the first slot for which slot formats provided by more than one DCI format 2_0 are inconsistent.

Proposal #3: If COT duration bit-field is not configured but SFI is available for a GC-PDCCH, UE determines end-of-COT by using at least one of the following options.

· Option 1: End-of-COT corresponds to the last slot provided with indicated SFI value.

· Option 2: End-of-COT corresponds to the first slot for which slot formats provided by more than one GC-PDCCHs are inconsistent.

· F-domain channel occupancy indication

GC-PDCCH transmitted on an active BWP can be configured to contain information that one or more carriers and/or LBT bandwidths are not available or available for DL reception. As agreed in RAN1#98 meeting, a bitmap based indication can be introduced to support a mechanism for a UE to detect gNB is transmitting across carriers and/or LBT-BWs in a carrier. For instance, if there are four LBT-BWs within an active BWP, four-bit bitmap for GC-PDCCH can be configured and the n-th bit corresponds to gNB’s transmission ON/OFF status for LBT-BW#n where RB range for LBT-BW#n or guard-band between LBT-BWs can be configured by RRC signalling. As shown in Figure 2, Offset parameters (e.g., similar to positioniInDCI parameter for DCI format 2_0) is configured to inform a location of SFI field, COT length, and 4-bit bitmap indicating DL availability per LBT-BW for a serving cell.
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Figure 2. Example of GC-PDCCH composition
Additionally, it should be considered how to inform in which LBT-BW(s) serving gNB is transmitting at the beginning in its DL burst. The serving gNB may not have sufficient processing time to signal its transmitting LBT-BW since gNB cannot predict LBT outcome before starting to transmit DL burst. Therefore, the serving gNB may indicate that this slot is at the beginning of its DL burst without the exact information on gNB’s transmitting LBT-BWs (e.g., by using all zero state for a bitmap).

Proposal #4: For gNB’s channel occupancy indication in frequency domain, GC-PDCCH indicates a bitmap where each bit informs that a corresponding LBT bandwidth is not available (if the bit set to ‘0’) or available (if the bit set to ‘1’) for DL reception and all zero state for the bitmap is used at the beginning of DL transmission burst.

· Two-dimensional channel occupancy indication

Figure 3 depicts an example of combining t-domain channel occupancy information with f-domain information. In the example, among 4 LBT-BWs within an active BWP, LBT-BW#1 and LBT-BW#2 are signalled to be available (LBT-BW#3 and LBT-BW#4 are signalled to be not available) for DL by GC-PDCCH. At the same time, GC-PDCCH indicates SFI during k slots and also indicates remaining COT of k slots. Therefore, f-domain information for serving cell’s DL availability is valid until end-of COT, as suggested in proposals #1 and #3, and SFI is applied for LBT-BW(s) that are signalled to be available for DL reception.

In addition, it is questionable how UE behaviour can be determined for slots that are not occupied by gNB in f-domain and not DL slots (e.g., from slot#n+k-3 to slot#n+k-1 for LBT-BW#3/4). In those slots, since gNB may not be able to transmit DL signal/channel (due to half-duplex restriction), UL transmission could be allowed if category 4 LBT is successful at UE side or UE may not have to perform PDCCH monitoring.
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Figure 3. Example of two-dimensional gNB’s channel occupancy structure indication

Proposal #5: For gNB’s channel occupancy indication in time/frequency domain, bitmap-based frequency domain information is valid until end-of-COT and SFI is applied for LBT-BW(s) that are signalled (via bitmap) to be occupied by the gNB.
Proposal #6: Within a gNB’s channel occupancy, for UL slots that are indicated not to be occupied by the gNB in frequency domain, UE is allowed to transmit UL transmission if category 4 LBT is successful at UE side and UE is not required to perform PDCCH monitoring.

· DL-to-UL sharing

In LTE eLAA, even though UE receives a UL grant indicating category 4 LBT, UE may change its LBT category to category 2 when PUSCH scheduled by the UL grant is shared in COT acquired by gNB. Similarly, UE can perform category 2 LBT (or category 1 LBT) for a PUSCH when UE identifies that time/frequency resource for the PUSCH is fully overlapped with gNB’s channel occupancy structure indicated by GC-PDCCH. Furthermore, for CG PUSCH, GC-PDCCH can inform UE configured with CG PUSCH whether CG PUSCH is allowed to be transmitted within the current gNB’s channel occupancy or not. If allowed, same as dynamically granted PUSCH, UE can perform category 2 LBT (or category 1 LBT) for a CG PUSCH when the CG PUSCH falls inside gNB’s channel occupancy structure indicated by GC-PDCCH. Additionally, GC-PDCCH can indicate which category of LBT is allowed within this channel occupancy. To reduce signalling overhead in GC-PDCCH, only 1 bit can be used to indicate LBT category and LBT category corresponding to each state can be semi-statically configured. For instance, amongst category 1 LBT, category 2 LBT during 16 usec, and category 2 LBT during 25 usec, category 2 LBT during 16 usec and category 2 LBT during 25 usec can be configured to be indicated via GC-PDCCH and allocated 1 bit can be set to ‘0’ to indicate category 2 LBT during 16 usec and be set to ‘1’ to indicate category 2 LBT during 25 usec.
Proposal #7: GC-PDCCH indicates LBT category (i.e., category 1 LBT or category 2 LBT) for a UE to be performed within gNB’s channel occupancy.
Proposal #8: UE is allowed to perform indicated LBT category for a UL transmission (including CG PUSCH if allowed) only when UE identifies that time/frequency resource for the UL transmission is fully overlapped with two-dimensional gNB’s channel occupancy indicated by GC-PDCCH.
3. PDCCH monitoring
In RAN1#98bis meeting, it was agreed to support at least two groups of search space sets and switching between those groups based on the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
For Alt 1, UE may monitor PDCCH associated with one of two groups depending on inside or outside gNB’s CO. For instance, UE monitors PDCCH on monitoring occasions configured with search space sets in group index 0 outside gNB’s CO, and group index 1 inside gNB’s CO. For another instance, UE monitors PDCCH on monitoring occasions configured with search space sets in group index A outside gNB’s CO, and group index B inside gNB’s CO, where configured monitoring periodicity for group index A is shorter than that for group index B. In those cases, the beginning (e.g., the first slot) of serving cell’s DL burst may be regarded as outside gNB’s CO. If search space set group to be monitored is switched based on UE-specific PDCCH, time interval X (where X can be pre-defined or semi-statically configured) from the slot when that PDCCH is received can be regarded as inside gNB’s CO.
Compared with Alt 1, Alt 2 may require additional signalling overhead to explicitly indicate switching between search space groups but corresponding UE behaviour can be simpler. Even though Alt 2 is preferred due to its simplicity, we may need to additionally consider misalignment for monitoring group between gNB and UE when UE missed the latest DCI indicating switch of search space set group. To handle this aspect, UE can be configured with default search space set group (e.g., group index 0) and switch to default group when gNB’s CO is finished or UE hasn’t received any DCI for a long time.
Regardless of which method is chosen to indicate switch between search space set groups, UE processing time to apply changed PDCCH monitoring behaviour should be considered.
Proposal #9: Support explicit indication to switch between search space set groups via DCI format 2_0 and/or UE-specific DCI.
Proposal #10: When gNB’s channel occupancy is finished or PDCCH is not received for X (FFS for whether X is predefined or semi-statically configured) slots, UE switches to search space set group index 0, without explicit signalling.
Proposal #11: Define Y symbols for a UE to change PDCCH monitoring behaviour when search space set group is switched.
In addition, we need to discuss UE’s PDCCH monitoring skipping procedure if the UE is configured with more number of monitored PDCCH candidates or non-overlapped CCEs than 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 A if switch to group B is indicated, and vice versa. However, this may result in excessive skipping 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.
Proposal #12: If a UE is provided with more than one groups of search space sets and configured with more number of monitored PDCCH candidates (or non-overlapped CCEs) for a slot than blind decoding capability for the UE, the UE applies search space set dropping rule per search space set group.
4. PDSCH
In RAN1#97 meeting, it was agreed to support PDSCH mapping type B with durations other than 2/4/7/14 symbols, subject to UE capability.

Firstly, for DM-RS location, PUSCH mapping type B could be a baseline since Rel-15 NR already supports PUSCH mapping type B having from 1 to 14 symbols and corresponding DM-RS location is also defined for all of supported PUSCH durations.

Proposal #13: For single symbol DM-RS locations of PDSCH mapping type B with 3/5/6/8/11/12/13 symbols, and for double symbol DM-RS locations of PDSCH mapping type B with 3/5/6/8/9/10/11/12/13 symbols, reuse DM-RS locations defined for Rel-15 PUSCH mapping type B.

Secondly, for PDSCH processing time, we can separately consider baseline processing capability and aggressive processing capability.
· Baseline processing capability (i.e., UE processing capability 1)

	If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after 
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 after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 

-
For UE processing capability 1: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], and

-
if the number of PDSCH symbols allocated is 7, then d1,1 = 0,

-
if the number of PDSCH symbols allocated is 4, then d1,1 = 3

-
if the number of PDSCH symbols allocated is 2, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.


As captured from TS 38.214 above, d1,1 has different values for different durations. Based on the principle to guarantee at least 7 symbol PDCCH processing time for all durations, following values for d1,1 can be considered.
· If the number of PDSCH symbols allocated is more than 7, then d1,1 = 0,

· If the number of PDSCH symbols allocated (= L) is 5 or 6, then d1,1 = 7–L,

· If the number of PDSCH symbols allocated is 3, then d1,1 = 2+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.

· Aggressive processing capability (i.e., UE processing capability 2)

	If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after 
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 after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 

-
For UE processing capability 2: If the PDSCH is mapping type B as given in subclause 7.4.1.1 of [4, TS 38.211], 

-
if the number of PDSCH symbols allocated is 7, then d1,1 = 0,

-
if the number of PDSCH symbols allocated is 4, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH,

-
if the number of PDSCH symbols allocated is 2,

-
if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same starting symbol, then d1,1 = 3,

-
otherwise d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.


For L>7, d1,1 can be simply set to 0. For L=5 or 6, considering overlapping symbols between PDCCH and PDSCH and processing time defined for L=4 or 7, following candidates for d1,1 can be considered.

· Alt. 1: d1,1 = 0

· Alt. 2: d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH
· Alt. 3: d1,1 = max{d-(L-4),0}, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
For L=3, considering overlapping symbols between PDCCH and PDSCH and processing time defined for L=2 or 4, following candidates for d1,1 can be considered.

· Alt. 1: d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH
· Alt. 2: d1,1 = max{d-(L-2),0}, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
· Alt. 3: d1,1 = 1+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
Proposal #14: For processing time of PDSCH mapping type B with L=3/5/6/8/9/10/11/12/13 symbols, d1,1 can be defined as follows, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.

· For UE processing capability 1,
·  if L > 7, d1,1 = 0
·  if L = 5 or 6, d1,1 = 7-L
·  if L = 3, d1,1 = 2+d
· For UE processing capability 2,
·  if L > 7, d1,1 = 0
·  if L = 5 or 6,
· Alt. 1: d1,1 = 0
· Alt. 2: d1,1 = d
· Alt. 3: d1,1 = max{d-(L-4),0}
·  if L = 3,
· Alt. 1: d1,1 = d
· Alt. 2: d1,1 = max{d-(L-2),0}
· Alt. 3: d1,1 = 1+d
5. CSI measurement
For periodic or semi-persistent CSI-RS (for CSI acquisition) transmission, following two methods can be taken into account considering periodic transmission may not be guaranteed due to LBT failure.

· Method 1: Transmission occasion for periodic or semi-persistent CSI-RS is periodically pre-configured and periodic or semi-persistent CSI-RS can be transmitted only within DL transmission burst.

· Method 2: Transmission occasion for periodic or semi-persistent CSI-RS is configured relatively from the start of DL transmission burst.

Method 2 takes advantage that periodic or semi-persistent CSI-RS can be transmitted at least every DL transmission burst.

Proposal #15: For periodic or semi-persistent CSI-RS at least for CSI acquisition, the following methods can be considered.

· Method 1: Transmission occasion is periodically pre-configured, and CSI-RS can be transmitted only within DL transmission burst.
· Method 2: Transmission occasion is configured relatively from the start of DL transmission burst.
For CSI measurement, especially for channel measurement, it should be considered that gNB’s transmission power can be changed depending on how many LBT-BWs are occupied based on LBT outcome. This is because regulatory requirement can limit transmit power from a node per a certain frequency band (e.g., total 23 dBm power for a frequency band from 5150 to 5350 MHz). Based on similar logic, LTE LAA UE may assume constant power for CSI-RS transmission in a DL transmission burst while UE should not assume constant power for CSI-RS transmission across DL transmission bursts. Therefore, following two approaches can be considered for CSI channel measurement.

· Approach 1: UE assumes constant power within a DL transmission burst for CSI-RS configured for CSI channel measurement and is not required to average CSI channel measurements across DL transmission bursts.

· Approach 2: gNB indicates transmission power for CSI-RS configured for CSI channel measurement in a DL transmission burst and UE may average CSI channel measurements across DL transmission bursts.

Proposal #16: For CSI channel measurement, the following approaches can be considered.

· Approach 1: UE assumes constant power within a DL transmission burst for CSI-RS configured for CSI channel measurement and is not required to average CSI channel measurements across DL transmission bursts.
· Approach 2: gNB indicates transmission power for CSI-RS configured for CSI channel measurement in a DL transmission burst and UE may average CSI channel measurements across DL transmission bursts.
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 #17: For CSI interference measurement based on ZP-CSI-RS, UE is not allowed to perform interference measurement outside serving cell’s transmission burst. For CSI interference measurement based on NZP-CSI-RS, UE is not required to average CSI interference measurements across serving cell’s transmission bursts.
In addition, some aspects of CSI measurement related to GC-PDCCH 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 GC-PDCCH that indicates 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 GC-PDCCH indicating SFI for the slot. Furthermore, we need to consider the case where GC-PDCCH is not configured to a UE. In that case, CSI measurement can be performed only in the slot where PDCCH(/PDSCH) for the UE is detected.
Proposal #18: For a UE configured with GC-PDCCH, the UE is not required to perform CSI measurement in a slot if the UE does not detect any GC-PDCCH that can indicate SFI for the slot, and the UE is not required to perform CSI measurement in a slot where bitmap representing the availability for DL reception indicates all zero state.
Proposal #19: For a UE not configured with GC-PDCCH, the UE is not required to perform CSI measurement in the slot where PDCCH(/PDSCH) for the UE is not detected.
6. Conclusion
In this contribution, we provided our views on a mechanism to detect gNB’s transmission, PDCCH/ PDSCH/CSI-RS, and COT structure indication for NR-U operation and proposals are as follows.
Proposal #1: COT duration bit-field for a serving cell in a GC-PDCCH indicates remaining COT length from the slot containing the GC-PDCCH.

Proposal #2: If both of COT duration bit-field and SFI are configured for a GC-PDCCH, UE ignores SFI corresponding to slots which are not included in remaining COT length.

Proposal #3: If COT duration bit-field is not configured but SFI is available for a GC-PDCCH, UE determines end-of-COT by using at least one of the following options.

· Option 1: End-of-COT corresponds to the last slot provided with indicated SFI value.

· Option 2: End-of-COT corresponds to the first slot for which slot formats provided by more than one GC-PDCCHs are inconsistent.

Proposal #4: For gNB’s channel occupancy indication in frequency domain, GC-PDCCH indicates a bitmap where each bit informs that a corresponding LBT bandwidth is not available (if the bit set to ‘0’) or available (if the bit set to ‘1’) for DL reception and all zero state for the bitmap is used at the beginning of DL transmission burst.

Proposal #5: For gNB’s channel occupancy indication in time/frequency domain, bitmap-based frequency domain information is valid until end-of-COT and SFI is applied for LBT-BW(s) that are signalled (via bitmap) to be occupied by the gNB.
Proposal #6: Within a gNB’s channel occupancy, for UL slots that are indicated not to be occupied by the gNB in frequency domain, UE is allowed to transmit UL transmission if category 4 LBT is successful at UE side and UE is not required to perform PDCCH monitoring.

Proposal #7: GC-PDCCH indicates LBT category (i.e., category 1 LBT or category 2 LBT) for a UE to be performed within gNB’s channel occupancy.

Proposal #8: UE is allowed to perform indicated LBT category for a UL transmission (including CG PUSCH if allowed) only when UE identifies that time/frequency resource for the UL transmission is fully overlapped with two-dimensional gNB’s channel occupancy indicated by GC-PDCCH.

Proposal #9: Support explicit indication to switch between search space set groups via DCI format 2_0 and/or UE-specific DCI.

Proposal #10: When gNB’s channel occupancy is finished or PDCCH is not received for X (FFS for whether X is predefined or semi-statically configured) slots, UE switches to search space set group index 0, without explicit signalling.
Proposal #11: Define Y symbols for a UE to change PDCCH monitoring behaviour when search space set group is switched.
Proposal #12: If a UE is provided with more than one groups of search space sets and configured with more number of monitored PDCCH candidates (or non-overlapped CCEs) for a slot than blind decoding capability for the UE, the UE applies search space set dropping rule per search space set group.
Proposal #13: For single symbol DM-RS locations of PDSCH mapping type B with 3/5/6/8/11/12/13 symbols, and for double symbol DM-RS locations of PDSCH mapping type B with 3/5/6/8/9/10/11/12/13 symbols, reuse DM-RS locations defined for Rel-15 PUSCH mapping type B.

Proposal #14: For processing time of PDSCH mapping type B with L=3/5/6/8/9/10/11/12/13 symbols, d1,1 can be defined as follows, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.

· For UE processing capability 1,
·  if L > 7, d1,1 = 0
·  if L = 5 or 6, d1,1 = 7-L
·  if L = 3, d1,1 = 2+d
· For UE processing capability 2,
·  if L > 7, d1,1 = 0
·  if L = 5 or 6,
· Alt. 1: d1,1 = 0
· Alt. 2: d1,1 = d
· Alt. 3: d1,1 = max{d-(L-4),0}
·  if L = 3,
· Alt. 1: d1,1 = d
· Alt. 2: d1,1 = max{d-(L-2),0}
· Alt. 3: d1,1 = 1+d
Proposal #15: For periodic or semi-persistent CSI-RS at least for CSI acquisition, the following methods can be considered.

· Method 1: Transmission occasion is periodically pre-configured, and CSI-RS can be transmitted only within DL transmission burst.
· Method 2: Transmission occasion is configured relatively from the start of DL transmission burst.
Proposal #16: For CSI channel measurement, the following approaches can be considered.

· Approach 1: UE assumes constant power within a DL transmission burst for CSI-RS configured for CSI channel measurement and is not required to average CSI channel measurements across DL transmission bursts.
· Approach 2: gNB indicates transmission power for CSI-RS configured for CSI channel measurement in a DL transmission burst and UE may average CSI channel measurements across DL transmission bursts.
Proposal #17: For CSI interference measurement based on ZP-CSI-RS, UE is not allowed to perform interference measurement outside serving cell’s transmission burst. For CSI interference measurement based on NZP-CSI-RS, UE is not required to average CSI interference measurements across serving cell’s transmission bursts.
Proposal #18: For a UE configured with GC-PDCCH, the UE is not required to perform CSI measurement in a slot if the UE does not detect any GC-PDCCH that can indicate SFI for the slot, and the UE is not required to perform CSI measurement in a slot where bitmap representing the availability for DL reception indicates all zero state.
Proposal #19: For a UE not configured with GC-PDCCH, the UE is not required to perform CSI measurement in the slot where PDCCH(/PDSCH) for the UE is not detected.
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