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1 Introduction
In RAN1#98bis, the following for downlink signals and channels design was agreed [1]:
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.

This contribution discusses the aspects of downlink signal and channel design for NR-U operation.
2 Additional durations for PDSCH mapping type B
DM-RS position for the new durations
In order to utilize unlicensed spectrum more efficiently, additional duration from 2 to 13 for PDSCH mapping type B are introduced. Since only 2/4/7 durations are supported in Rel-15, a DM-RS position for the new durations has to be defined. Unlike PDSCH, a duration of 1 to 14 has been supported for PUSCH mapping type B in Rel-15, which could facilitate multiplexing between a PUCCH and a PUSCH in a slot. Furthermore, a DM-RS position not only for single-symbol DM-RS but also for double-symbol DM-RS is well defined, the DM-RS positions for PUSCH mapping type B can be baseline DM-RS positions for the new durations of PDSCH mapping type B. 
Proposal 1: Reuse DM-RS position for PUSCH mapping type B for the new durations of PDSCH mapping type B as much as possible.
PDSCH processing times for the new durations
As specified in TS38.214, the first uplink symbol of the PUCCH carrying HARQ-ACK information cannot start earlier than at symbol L1 after the end of the last symbol of the PDSCH. The L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH. d1,1 is determined according to the number of PDSCH symbols allocated as follow. 
· For the PDSCH mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211]: if the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,1 = 7 - i, otherwise d1,1 = 0
· For the PDSCH mapping type B and for UE processing capability 1,
- 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. 
Therefore, additional PDSCH processing time for the new durations can be determined based on that for 2/4/7 symbol durations. For example, d1,1 can be 0 if the number of PDSCH symbols is > 7 while d1,1 can be 3 if the number of PDSCH symbol is 4, 5, or 6. 
Proposal 2: A processing time for the new durations is derived from that for duration of 2/4/7 symbol PDSCH, such as
- if the number of PDSCH symbols allocated is ≥ 7, then d1,1 = 0, 
- if the number of PDSCH symbols allocated is 4, 5, or 6, then d1,1 = 3 
- if the number of PDSCH symbols allocated is 2 or 3, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH. 
3 COT indication
As agreed in RAN1#98bis, a COT duration bit-field for serving cell(s) is added in GC-PDCCH so that a UE knows when gNB’s channel occupancy ends. There are few remaining issues on how to signal COT duration. For example, it was FFS that whether a single value of the length of the COT duration field in the DCI will suffice in which case, the length is not configurable. Because the COT duration field has to be able to inform the longest COT duration, the length of COT duration field can be determined by the maximum channel occupancy time (e.g., 8ms) as defined in regulation for some region. Therefore, it is desirable that a single value that is determined by the maximum channel occupancy time seems enough if the length is not configurable. It was also FFS whether the duration field represents total length or remaining length. One benefit to inform total duration is to provide additional channel occupancy information (e.g., when to start channel occupancy), which may be beneficial for UE to perform CSI measurement, especially in a partial slot. However, it may require additional signalling to indicate start/end of the channel occupancy, it is preferable to indicate remaining length of channel occupancy.
Proposal 3: The duration is encoded as remaining length. If the length is not configurable, a single value based on maximum channel occupancy is used
It was also agreed that if the COT duration bit-field is not present in the DCI, the UE should use SFI indication to determine end-of-COT. Because a set of symbols that are not belonging to gNB’s channel occupancy cannot be indicated as downlink or uplink, it is desirable to use flexible state to determine the end-of-COT if the COT duration bit-field is not present in the DCI. For example, the UE may assume the end-of-COT at a symbol of a slot indicated by downlink or uplink if the slot ends by flexible symbol(s) (i.e., after flexible symbol(s) there are no DL or UL symbols indicated by SFI). In this case, at least the flexible symbol(s) that is not belonging to gNB’s channel occupancy can be updated to either downlink or uplink symbol after gNB occupies the channel.
Proposal 4: If the COT duration bit-field is not present in a DCI, flexible state can be used to determine the end-of-COT
4 [bookmark: _GoBack]LBT bandwidth occupancy indication
In RAN1#97 meeting, following was agreed to indicate available LBT bandwidth via GC-PDCCH.
Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
In RAN1#98, signalling details of this indication was agreed, as to introduce bit field corresponding to available LBT bandwidths in GC-PDCCH. There are still remaining FFS issues need to be discussed as follow:
· The time domain validity of the indication
· Whether and how to support the mechanism at the beginning of the DL transmission burst
· Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
Since GC-PDCCH may not be transmitted in every slot, it would be desirable for UE to assume that the indication of available LBT bandwidth is valid more than one slots. Since gNB cannot perform additional LBT for a LBT bandwidth while transmitting DL signal/channel for other LBT bandwidths, the available LBT bandwidth will be maintained until the COT. Therefore, UE can assume the indication of available LBT bandwidth is valid until 1) next GC-PDCCH occasion and/or 2) the end of COT or end of DL
Proposal 5: The indication of available LBT bandwidth is valid until next GC-PDCCH occasion and/or the end of COT.
5 DL burst detection for automatic gain control
In licensed spectrum, AGC gain can be derived by previous valid downlink reference signals which are received recently. In unlicensed spectrum, the AGC gain from previous DL transmission might not be accurate for current DL burst if gNB fails to acquire the channel for a while. Therefore, whether to apply the previous AGC gain for current DL burst needs to be clarified. If the previous AGC gain cannot be applied, a new AGC gain for current DL burst needs to be calculated in case that the AGC gain derived from previous DL transmission is outdated. Since the gain value can be varied according to gNB channel access status and transmission power, UE potentially needs to employ AGC measurement at every monitoring occasion for DL burst detection, which would result in increased complexity and additional latency at the UE side to acquire the accurate gain. In NR-U, downlink burst detection would rely on the detection of PDCCH or GC-PDCCH, which would be quite slow especially compared with LTE-LAA in which CRS can be used for burst detection. In particular, PDCCH DMRS inherently has blind nature, which implies that a UE would potentially need to try many different DMRS locations to detect downlink burst. Therefore, it would be desirable for UE to utilize wideband DMRS configured for GC-PDCCH/PDCCH to achieve fast downlink burst detection. To ensure similar fast burst detection to LTE-LAA, the CORESET for GC-PDCCH/PDCCH monitoring for DL burst detection should consists of only one set of continuous RBs instead of 4 sub-sets of RBs which are not contiguous as supported in Rel-15. 
Proposal 6: For fast DL burst detection, CORESET for (GC-)PDCCH should be configured with wideband DMRS and with one set of continuous RBs .
Furthermore, minimum gap between two consecutive GC-PDCCH/PDCCH monitoring occasions may need to be defined to make sure that a UE can finish burst detection before it starts processing the next candidate start position, which requires a certain processing time. In LTE-LAA, there are 7 symbols gap between two consecutive downlink start positions. In Rel-15, FG 3-5b already provides a certain gap between spans which NR-U can inherit. However, NR-U UE may require larger gap between downlink start positions than Rel-15. 
Proposal 7: A UE can declare supported minimum gap between two consecutive GC-PDCCH/PDCCH monitoring occasions for DL burst detection.
6 CSI measurement
CSI transmission
In LTE-LAA, CSI reference signals are not transmitted in a partial starting subframe, partial ending subframe, and empty subframe, as specified in TS36.211.
The UE shall assume that CSI reference signals are not transmitted
· in subframes where PDSCH/EPDCCH transmission starts in the second slot of a subframe for frame structure type 3,
· in subframes where PDSCH/EPDCCH transmission ends prior to the end of a subframe for frame structure type 3,
· in an empty subframe where there is no PDSCH or discovery signal transmission for frame structure type 3
This is mainly because that the UE may require additional processing time for CSI measurement if the UE assumes CSI-RS transmission in partial subframe (e.g., identify eNB’s transmission by CRS blind detection before CSI measurement). Therefore, similar approach can be applied for NR-U. For example, the NR-U UE can assume that CSI-RSs are not transmitted if at least one symbol (or CSI-RS symbol) in a slot (i.e., partial slot) is not occupied by gNB. In NR, it is specified that the UE can cancel
it is specified that the UE can cancel the CSI-RS reception in a set of symbols if the set of symbols that is configured to receive CSI-RS is indicated as uplink or flexible symbol by DCI format 2_0. Otherwise, the UE receives CSI-RS as configured by higher layer. Therefore, the NR-U UE may assume that CSI-RSs are transmitted in a partial slot if those CSI-RS are transmitted within a gNB’s transmission burst.
Proposal 8: Down select one of following options. 
The UE can assume that CSI-RSs are not transmitted, if 
· Option 1: at least one symbol in a slot is not occupied by gNB
· Option 2: at least one CSI-RS symbol is not occupied by gNB 

CSI measurement
In NR, the CSI reference resource for a serving cell is defined as follows:
· In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
· In the time domain, the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single downlink slot n-nCSI_ref,
· where  and  and  are the subcarrier spacing configurations for DL and UL, respectively. 
· where for periodic and semi-persistent CSI reporting
· if a single CSI-RS/SSB resource is configured for channel measurement nCSI_ref  is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
· if multiple CSI-RS/SSB resources are configured for channel measurement nCSI_ref  is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot.
· …
where a slot in a serving cell is considered to be a valid downlink slot if following conditions are met
· It comprises at least one higher layer configured downlink or flexible symbol
· It does not fall within a configured measurement gap for that UE
Since LBT aspects are not considered in current definition of CSI reference resource and valid downlink slot, appropriate modifications on those definitions are also required. For example, similar to LTE-LAA, a slot in a serving cell is not considered to be a valid downlink slot if at least one OFDM symbol in the slot is not occupied and/or if the configured CSI-RS resource associated with the CSI reporting is not in the slot. Because the definition of valid downlink slot is related to the aspects for CSI-RS transmission in partial slot, it can be decided after UE’s assumption on CSI-RS reception in partial slot is defined.
Proposal 9: A definition of valid downlink slot has to be modified to accommodate LBT. Details can be further considered after aspects on CSI-RS transmission in partial slot is defined.
7 Conclusion
The proposals and observation made in this contribution are summarized below:
Proposal 1: Reuse DM-RS position for PUSCH mapping type B for the new durations of PDSCH mapping type B as much as possible.
Proposal 2: A processing time for the new durations is derived from that for duration of 2/4/7 symbol PDSCH, such as
- if the number of PDSCH symbols allocated is ≥ 7, then d1,1 = 0, 
- if the number of PDSCH symbols allocated is 4, 5, or 6, then d1,1 = 3 
- if the number of PDSCH symbols allocated is 2 or 3, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH. 
Proposal 3: The duration is encoded as remaining length. If the length is not configurable, a single value based on maximum channel occupancy is used
Proposal 4: If the COT duration bit-field is not present in a DCI, flexible state can be used to determine the end-of-COT
Proposal 5: The indication of available LBT bandwidth is valid until next GC-PDCCH occasion and/or the end of COT.
Proposal 6: For fast DL burst detection, CORESET for (GC-)PDCCH should be configured with wideband DMRS and with a single chunk.
Proposal 7: A UE can declare supported minimum gap between two consecutive GC-PDCCH/PDCCH monitoring occasions for DL burst detection.
Proposal 8: Down select one of following options. 
The UE can assume that CSI-RSs are not transmitted, if
· Option 1: at least one symbol in a slot is not occupied by gNB
· Option 2: at least one CSI-RS symbol is not occupied by gNB 
Proposal 9: A definition of valid downlink slot has to be modified to accommodate LBT. Details can be further considered after aspects on CSI-RS transmission in partial slot is defined.
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