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Introduction
In this contribution, we will first discuss the remaining details on DL signals and channels for NR-U operation:
· Indication of channel occupancy structure in frequency domain
· UE behaviour for a LBT bandwidth indicated as available/unavailable for DL reception
· Dynamic PDCCH monitoring based on group switching
Discussion
Indication of channel occupancy structure in frequency domain
In RAN1#97 [2], it was agreed that 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. In RAN1#98 [3], RAN1 further agreed to add a bitmap to indicate available/not available LBT bandwidths in DCI format 2_0. Current NR provides SFI-index per serving cell in DCI format 2_0. Similarly, a bitmap for indicating frequency domain availability can be provided for a serving cell, with length equal to the number of configured LBT bandwidths in the serving cell. Each bit in the bitmap represents whether the corresponding LBT bandwidths in the corresponding carrier is available or not available for DL reception. If one bit is indicated for the serving cell, the bit represents whether the corresponding carrier is available for DL reception.    

Proposal 1: For a serving cell, a bitmap for indicating frequency domain availability can configured in DCI format 2_0: 
· The length of the bitmap is equal to the number of configured LBT bandwidths in the serving cell.
· The position of the bitmap in DCI and corresponding serving cell ID are provided by RRC.
· A value of ‘0’ in the bitmap indicates that corresponding LBT bandwidth is not available for DL reception and a value of ‘1’ in the bitmap indicates that corresponding LBT bandwidth is available for DL reception.

There are three remaining issues for frequency domain availability indication, and we provide our views on these issues as follows:
1. Time domain validity of frequency domain availability indication: If UE receives a frequency domain availability indication for a serving cell in a DCI format 2_0, this frequency domain availability indication is valid during a channel occupancy time for the serving cell indicated by the same DCI format 2_0. Within a valid time period of a frequency domain availability indication for a serving cell, gNB could update frequency domain availability for the serving cell and/or corresponding valid time period. If UE receives a new frequency domain availability indication for the serving cell in a DCI format 2_0 at a later time, the previous frequency domain availability indication would be overwritten and the valid time period of the new frequency domain availability indication is updated according to the channel occupancy time indicated by the newly received DCI format 2_0.
2. No valid frequency domain availability indication is ongoing or GC-PDCCH is not configured: When there is no ongoing frequency domain availability indication or GC-PDCCH is not configured for a serving cell, UE should assume that all the LBT bandwidths of the serving cell are available for DL reception.
3. Indication of frequency domain availability at the beginning of DL transmission burst: At the beginning of a DL transmission burst, gNB may not prepare a DCI format 2_0 including an actual frequency domain availability immediately after LBT. There are two possible ways for gNB to provide frequency domain availability at the beginning of DL transmission burst. First, gNB can indicate that all LBT bandwidths are available by indicating an all “1”s bitmap. Then, UE will remain to assume that all the LBT bandwidths are available for DL reception until receiving a DCI format 2_0 including the actual frequency domain availability at a later time. Second, gNB can transmit a reserved state in the bitmap, e.g., all “0”s, to indicate that the current received bitmap is not valid. Then, UE assumes that only the LBT bandwidth(s) with detected DCI format 2_0 or any DCI format is available for DL reception.

Proposal 2: If UE receives a frequency domain availability indication for a serving cell in a DCI format 2_0, this frequency domain availability indication is valid until: 
· The end of COT for the serving cell indicated by the same DCI format 2_0
· Receiving a new frequency domain availability indication for the serving cell in a later DCI format 2_0
Proposal 3: If no valid frequency domain availability indication is ongoing or GC-PDCCH is not configured for a serving cell, UE should assume that all the LBT bandwidths of the serving cell are available for reception.
Proposal 4: At the beginning of DL transmission burst of a serving cell, gNB could indicate UE that all the LBT bandwidths of the serving cell are available for DL reception.
Proposal 5: When UE detects a DCI format 2_0 indicating a reserved state (e.g., all “0”s) in the bitmap for frequency domain availability indication, UE assumes that only the LBT bandwidth(s) with detected DCI format 2_0 or any DCI format is available for DL reception.

UE behavior for a LBT bandwidth indicated as available/unavailable for DL reception 
[bookmark: _Hlk23866263]In RAN1#98 [3] and RAN1#98bis [4], RAN1 agreed that a search space set configuration associated with a CORESET confined within a LBT bandwidth can have one or more monitoring locations in the frequency domain, each of the one or more monitoring locations in the frequency domain corresponds to (and is confined within) an LBT bandwidth and has a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET. Meanwhile, in RAN1#98 [3], a conclusion was made that the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot and per serving cell are unchanged from Rel-15. Then, an open issue is how to avoid exceeding the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot and per serving cell in wideband operation. In our view, the frequency domain availability indication can be used. In one alternative, if a LBT bandwidth is indicated as unavailable for DL reception by the frequency domain availability indication included in DCI format 2_0, the frequency-domain monitoring locations corresponding to the LBT bandwidth for one or more associated CORESETs are disabled, which means UE doesn't have to perform PDCCH monitoring for those CORESETs if they have frequency-domain monitoring locations in the LBT bandwidth. Otherwise, UE has to perform PDCCH monitoring for the CORESETs if they have frequency-domain monitoring locations in the LBT bandwidth. Then, gNB can disable a subsets of monitored PDCCH candidates and non-overlapped CCEs depending on LBT outcomes and scheduling strategy to avoid the overbooking issue.

Proposal 6: For a search space set configuration associated with a CORESET that is confined within a LBT bandwidth and has one or more frequency-domain monitoring locations corresponding to one or more LBT bandwidths:
· If one of the LBT bandwidths is indicated as unavailable by a frequency domain availability indication in DCI format 2_0, the frequency-domain monitoring location corresponding to the unavailable LBT bandwidth is disabled.

Group switching for dynamic PDCCH monitoring
During the SI phase of NR-U, it has been identified to be beneficial if the time domain instances in which UE is expected to receive PDCCH can be dynamically changed, e.g. by implicit determination related to the gNB’s COT, or explicitly signaled by the gNB. In RAN1#96 [1], three PDCCH monitoring phases were discussed:
· Phase A: Outside of a serving gNB’s COT
· Phase B: Beginning of a serving gNB’s COT
· Phase C: Remainder of a serving gNB’s COT
In Phase A, in order to support flexible starting positions of a DL transmission burst, PDCCH monitoring should be performed more frequently (e.g., mini-slot based PDCCH monitoring in every two symbols) for detecting the DL transmission burst. In Phase B, in order to support all possible PDSCH allocations depending on LBT outcomes, mini-slot based PDCCH monitoring still should be applied in the initial slot(s) of the serving gNB’s COT. In Phase C, after the initial slot(s) of the serving gNB’s COT, UE may perform PDCCH monitoring with larger periodicity (e.g., slot based PDCCH monitoring) until the serving gNB’s COT finishes.
In RAN1#98bis [4], RAN1 agreed to introduce grouping for search space sets, and UE can be configured with two groups and switching between the two groups based on dynamic indication in an implicit way and/or explicit way. For search space sets are associated with a group, UE only has to monitor the PDCCH occasions corresponding to the search space sets when the group is activated. Thus, search space sets with frequent and normal PDCCH monitoring occasions can be respectively associated with different groups, and dynamic PDCCH monitoring can be achieved by switching between the two groups. For example, in Figure 1, search space sets with frequent PDCCH monitoring occasions can be associated with Group #0, which is activated only in Phase A and Phase B. The search space sets with normal PDCCH monitoring occasions can be associated with Group #1, which is activated only in Phase C. For search space sets that are associated with two groups (if up to two groups are allowed) or not associated with any group, UE has always perform PDCCH monitoring corresponding to the search space sets.



Figure 1. Example of dynamic PDCCH monitoring by group switching

Regarding the maximum number of groups of search space sets that can be configured, we see that two groups should be sufficient to support dynamic PDCCH monitoring in different phases as we described above.
Proposal 7: A UE can be configured with up to two groups of search space sets in a BWP of a serving cell.

An open issue related to the grouping for search space sets for of dynamic PDCCH monitoring is how to indicate the switching between two groups. In our view, a first group (e.g., Group #0 shown in Figure 2) is activated for detecting a DL transmission burst and scheduling PDSCH(s) in the initial slot at least when no COT is indicated for a serving cell. Once UE detects a DCI format 2_0 indicating a COT for the serving cell (by slot format indicator or CO duration indicator), UE will switch PDCCH monitoring to a second group (e.g., Group #1 shown in Figure 2). However, it is not possible for UE to changing PDCCH monitoring immediately, and a group switching delay would be necessary. Thus, UE can signal support of group switching for dynamic PDCCH monitoring and group switching delay as a part of capability signaling. Depending on the group switching delay, UE will switch from the first group to the second group at the first or second slot boundary of the indicated COT after a DCI format 2_0 is detected.
After the end of the indicated COT and no new COT is indicated for the serving cell, UE will switch back to the first group. Basically, the switching between two groups is based on a same DCI format 2_0 detected by UE to avoid possible ambiguities between gNB and UE caused by PDCCH misdetections.



Figure 2. Examples of group switching indicated by DCI format 2_0

Proposal 8: UE can signal support of group switching for dynamic PDCCH monitoring and group switching delay as a part of capability signaling. 
Proposal 9: If a UE is configured with 2 groups of search space sets in a BWP of a serving cell:
· When no COT is indicated for the serving cell, only the first group is activated.
· Once UE detects a DCI format 2_0 indicating a COT for the serving cell, UE switches from the first group to the second group after the first or second slot boundary of the indicated COT depending on the group switching delay.

In NR Rel-15, GC-PDCCH monitoring is limited in the first 3 symbols of a slot. To allow more flexible channel structure indication in time and frequency domains and the usage for detecting DL transmission bursts with flexible starting positions, GC-PDCCH monitoring should be allowed in any symbol of a slot.
Proposal 10: GC-PDCCH is allowed to be transmitted in any symbol of a slot for NR-U operation, and UE can signal support of this feature as a part of capability signaling.

Detection of DL transmission burst
In order to support flexible starting positions of a DL transmission burst, UE has to perform frequent PDCCH monitoring at least outside of the DL transmission burst, which leads to prohibitively UE power consumption and complexity. Even NR-U introduces group switching for dynamic PDCCH monitoring, it seems that it is not helpful for UE to resolve this issue. In the end, we see that NR-U UE is highly likely not to support PDCCH monitoring in mini-slot level and group switching for dynamic PDCCH monitoring to avoid the huge burden from PDCCH monitoring since supporting flexible starting positions only shows marginal gain from UE’s perspective. 
In order to reduce UE power consumption and complexity due to frequent PDCCH monitoring, it is necessary to define an initial signal/channel and transmit it in the beginning of a DL transmission burst for UE to identify the starting point of the DL transmission burst, which could be used for receiver optimization. 
There are several candidates that can be used as an initial signal. NR PDCCH DMRS is a good candidate since it can be transmitted with PDCCH/GC-PDCCH in the begging of a DL transmission burst. The following two types of PDCCH DMRS could be configured in NR Rel-15: 
· When the higher-layer parameter precoderGranularity equals sameAsREG-bundle, the UE can only assume PDCCH DMRS to be available within the resource element groups constituting the PDCCH the UE attempts to decode. 
· When the higher-layer parameter precoderGranularity equals allContiguousRBs, the UE may assume PDCCH DMRS to be available for all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH.

For the first configuration, an UE will need to do “blind PDCCH DMRS detection” based on all possible PDCCH allocation hypothesis. This implies high UE implementation complexity. Furthermore, in the case when the allocated PDCCH has relatively small aggregation level, the corresponding PDCCH DMRS will not be able to provide reliable detection due to small sequence length.
Simulation is performed to verify the performance of PDCCH DMRS as an initial signal for COT detection. Specifically, we evaluate the miss detection rate and false alarm rate for the scenarios listed in Table 1. As can be seen from Table 1, we assume that the PDCCH DMRS is configured for 50 PRBs and 25 PRBs, corresponding to 20MHz and 10MHz CORESET configurations respectively. For channel model, we use TDL-C-100ns channel, which reflects the fact that a typical NR-U serving cell has relatively smaller cell size. Coherent, MRC based detector is implemented at the UE side assuming 2 RX antennas. The effect of AGC is also taken into account via normalizing the received signal using RSSI per OFDM symbol. Channel is estimated via PDCCH DMRS, assuming the channel delay profile length is smaller than the length of CP.
In general, when an UE is detecting a DL burst transmission, it could face three different scenarios. The first scenario is when the channel is vacant, i.e., no one is transmitting. In this case, the received signal is just thermal noise, and the false alarm rate is defined as the probability that the receiver declares the presence of PDCCH DMRS. The second scenario is when the channel is occupied (by either the serving cell or other devices), but the symbol under detection does not carry the desired PDCCH DMRS. In this case, the false alarm rate is defined as the probability that the receiver declares the presence of PDCCH DMRS. The third scenario is when the OFDM symbol under detection carries the desired PDCCH DMRS, i.e., this is the first OFDM symbol of a DL transmission burst from the serving cell. In this case, the miss detection rate is defined as the probability that the receiver declares no PDCCH DMRS is detected. 
Note that due to the effect of AGC normalization, the false alarm rate  is roughly independent of the SNR. Furthermore, the false alarm events corresponding to the first two scenarios described above also behaves like white Gaussian process, leading to similar (indistinguishable)  curves. We therefore use a single  curve for both false alarm scenarios, and for all simulated SNRs.

[bookmark: _Ref4765417]Table 1. Simulation parameters for DL transmission burst detection
	Parameter
	Value
	Note

	SCS
	30 KHz
	This models the cases where wideband PDCCH DMRS are used for COT detection in NR-U.

	Number of RBs
	25, 50
	

	Channel Model
	TDL-C-100ns
	A typical channel model for small cell size.

	Number of RX Antennas
	2
	

	Receiver Type
	Coherent detector with MRC combining across 2 RX antennas.
	Channel estimation is performed using PDCCH DMRS, assuming channel delay profile is no longer than the CP length. RSSI based AGC enabled.

	SNR 
	[-13, -8, -3, 2] dB
	: Signal power of the serving cell received by the UE per RX antenna.



Figure 3 shows the trade-offs between miss detection rate  and false alarm rate  for various detection thresholds. In order to achieve an overall PDCCH miss detection rate of , we would require a lower PDCCH DMRS miss detection rate  at e.g., . From the figure, we can see that for a typical operating SNR at -3dB, assuming , the false alarm rate  is roughly 10% for a CORESET configuration of 50 PRBs. However, under the same assumption,  increases to more than 60% if the CORESET is only configured for 25 PRBs. Based on our simulation results, we have the following proposal:
[bookmark: _Ref7786131][bookmark: _Ref7786135]Proposal 11: For NR-U DL transmission burst detection, UE expects at least one PDCCH/GC-PDCCH + corresponding wideband DMRS (occupies an LBT bandwidth) are transmitted in the beginning of the DL transmission burst.
· UE can assume no PDCCH is transmitted to UE before the PDCCH/GC-PDCCH is detected by UE.
· UE expects the wideband PDCCH DMRS is configured with precoderGranularity = allContiguousRBs.
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[bookmark: _Ref4769577]Figure 3. Miss Detection Rate () and False Alarm Rate () for DL burst detection using PDCCH DMRS

Conclusion
Based on the above discussions and simulations, we have the following proposals:
Indication of channel occupancy structure in frequency domain
Proposal 1: For a serving cell, a bitmap for indicating frequency domain availability can configured in DCI format 2_0: 
· The length of the bitmap is equal to the number of configured LBT bandwidths in the serving cell.
· The position of the bitmap in DCI and corresponding serving cell ID are provided by RRC.
· A value of ‘0’ in the bitmap indicates that corresponding LBT bandwidth is not available for DL reception and a value of ‘1’ in the bitmap indicates that corresponding LBT bandwidth is available for DL reception.

Proposal 2: If UE receives a frequency domain availability indication for a serving cell in a DCI format 2_0, this frequency domain availability indication is valid until: 
· The end of COT for the serving cell indicated by the same DCI format 2_0
· Receiving a new frequency domain availability indication for the serving cell in a later DCI format 2_0
Proposal 3: If no valid frequency domain availability indication is ongoing or GC-PDCCH is not configured for a serving cell, UE should assume that all the LBT bandwidths of the serving cell are available for reception.
Proposal 4: At the beginning of DL transmission burst of a serving cell, gNB could indicate UE that all the LBT bandwidths of the serving cell are available for DL reception.
Proposal 5: When UE detects a DCI format 2_0 indicating a reserved state (e.g., all “0”s) in the bitmap for frequency domain availability indication, UE assumes that only the LBT bandwidth(s) with detected DCI format 2_0 or any DCI format is available for DL reception.
UE behavior for a LBT BW indicated as available/unavailable for DL reception
Proposal 6: For a search space set configuration associated with a CORESET that is confined within a LBT bandwidth and has one or more frequency-domain monitoring locations corresponding to one or more LBT bandwidths:
· [bookmark: _GoBack]If one of the LBT bandwidths is indicated as unavailable by a frequency domain availability indication in DCI format 2_0, the frequency-domain monitoring location corresponding to the unavailable LBT bandwidth is disabled.
Group switching for PDCCH monitoring
Proposal 7: A UE can be configured with up to two groups of search space sets in a BWP of a serving cell.
Proposal 8: UE can signal support of group switching for dynamic PDCCH monitoring and group switching delay as a part of capability signaling. 
Proposal 9: If a UE is configured with 2 groups of search space sets in a BWP of a serving cell:
· When no COT is indicated for the serving cell, only the first group is activated.
· Once UE detects a DCI format 2_0 indicating a COT for the serving cell, UE switches from the first group to the second group after the first or second slot boundary of the indicated COT depending on the group switching delay.
Proposal 10: GC-PDCCH is allowed to be transmitted in any symbol of a slot for NR-U operation, and UE can signal support of this feature as a part of capability signaling.
Proposal 11: For NR-U DL transmission burst detection, UE expects at least one PDCCH/GC-PDCCH + corresponding wideband DMRS (occupies an LBT bandwidth) are transmitted in the beginning of the DL transmission burst.
· UE can assume no PDCCH is transmitted to UE before the PDCCH/GC-PDCCH is detected by UE.
· UE expects the wideband PDCCH DMRS is configured with precoderGranularity = allContiguousRBs.
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