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1. Introduction
The objectives of the NR-U WI [1] include specifying the following for DL signals and channels for NR-U:
· Subcarrier spacing for control and data channels supporting 15kHz, 30kHz, and 60kHz (air-interface perspective; optionality to be discussed separately).
· For DL data channel, support of multiple PDSCH starting positions.
· Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
· DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure;
· Data multiplexing aspects (for both UL and DL) considering LBT and channel access priorities. (RAN1/RAN2)
The agreements and conclusions from the SI phase are captured in [2]. In this contribution, we present our views on some of the remaining aspects of DL signals and channels.
Previous Agreements
[bookmark: _Toc511072847]RAN1#92bis – 7.6.2 Frame structure for NR-U operation
Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

[bookmark: _Toc511072848]RAN1#92bis – 7.6.3 Potential physical layer channel design
Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

RAN1#93 - 7.6.2 Frame structure for NR-U operation
Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

RAN1#93 - 7.6.3.1	DL Signals and Channels
Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access

RAN1#94 - 7.2.2.3.1 DL Signals and Channels
Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial

RAN1#94bis – 7.2.2.2 Frame structure for NR-U operation
Agreements:
· It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.
· The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary
· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.
· In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.

RAN1#95 - 7.2.2.3.1 DL Signals and Channels
Agreements:
· Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.
Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. 
· Adopt the following text proposal to reflect the above
· “Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.
As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.”
· The detection of a gNB’s transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s); consensus was not achieved on any of these proposals. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The power consumption and detection/decoding complexity of each of the proposals have not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.
· Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.

AH#1901 - 7.2.2.1.2 DL Signals and Channels

Agreements:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving

RAN#96bis - 7.2.2.1.2 DL Signals and Channels
Agreement:
· Only further discuss/consider Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) as potential enhancements to PDSCH transmissions.

3. DL burst detection for power saving
The previous agreements mentioned above, support PDCCH DMRS based downlink burst detection by a UE. A UE looking for the start of a downlink transmission, may first try to detect a PDCCH DMRS from the serving base station and then attempt PDCCH decoding after successfully detecting the presence of a downlink burst. This was mainly from the perspective of UE power saving. However, it was noted in [3] that a performance relaxation of PDCCH decoding is not needed, hence the detection has to be robust. The misdetection probability should be comparable to the PDCCH probability of error. There is also a robustness issue where if a UE misses detection of these initial signals at the start, then it will miss the full gNB COT.
Any signal used for the purpose of detecting a transmission burst should have the following properties:
· UE should be able to detect at very low geometries with high reliability
· It should be possible to send this signal inside of a COT in case the UE missed detecting it at start of COT
· Less false alarms in a congested environment
A wideband (WB) DMRS, which is transmitted with PDCCH and spans a full 20MHz sub-band, has the listed desirable properties. Figure 1 below shows the misdetection probability for a wideband DMRS. The detection threshold is set for a 1% false alarm probability with thermal noise. It can be seen that the wideband DMRS can be detected with good reliability even at low SNRs. The misdetection probability increases if we reduce the bandwidth of DMRS signal, due to lower channel estimate SNR, as the power transmitted in each tone is limited by PSD regulation. A wide-band DMRS also helps because of frequency diversity.
The detector assumes knowledge of symbol boundary and the transmitted reference DMRS sequence in frequency domain. The detector first estimates the frequency domain channel on the DMRS tones (3 REs per RB) using the regular OFDM channel estimation method. The time domain channel estimate is then obtained by a simple IFFT of only the DMRS tones. The detector then estimates a signal to noise ratio from the time domain taps, assuming a maximum delay spread that is less than the cyclic prefix duration. This SNR is then compared with a detection threshold. The threshold is set using a given false alarm probability with only thermal noise input.
[image: ]
[bookmark: _Ref1135103]Figure 1: WB DMRS Misdetection Probability

Table 1: Simulation Assumptions
	Parameter
	Value

	SCS
	30 kHz

	Number of RBs
	50

	Number of DMRS REs per RB
	3

	Number of symbols used for detection
	1

	False alarm probability
	1%

	Number of Rx antennas
	2

	Precoder cycling
	No

	TDL Channel RMS delay spread
	100ns



In NR Rel15, PDCCH DMRS can be configured in all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH. A UE may be configured with a wideband CORESET and higher-layer parameter precoderGranularity set to allContiguousRBs. In this way, a wideband DMRS can be configured in NR. In this case, to save power before the start of a downlink burst, the UE may first try to detect the wideband DMRS, and then use it to trigger PDCCH decoding.
The wideband DMRS can be configured for either a common or UE specific PDCCH. However, it is preferable to configure wideband DMRS for at least a common PDCCH. The UE power save based on WB-DMRS detection can either be enabled by the UE autonomously without gNB knowledge (spec transparent mode), or in consensus with gNB (spec non-transparent mode). In the spec transparent mode, the UE uses WB-DMRS detection for power save only for PDCCH coresets which have WB-DMRS configured, for other coresets it performs regular PDCCH decoding. The gNB is thus oblivious to the UE power save operation. In spec non-transparent mode, gNB is aware that the UE is waiting on WB-DMRS before starting PDCCH detection, and hence will not transmit any PDCCH/GC-PDCCH to the UE before transmitting WB-DMRS. It is also beneficial to introduce a UE capability in this mode. The spec non-transparent mode is preferable as the UE behaviour and power saving is more deterministic.

[bookmark: p1]Proposal : Wideband DMRS can be used to enable UE power saving in one of the following modes:
A. Spec transparent mode: UE saves power only when monitoring PDCCH in coresets where WB-DMRS is configured. For other coresets UE performs regular PDCCH monitoring.
i. In this mode, gNB is oblivious to the UE power save behaviour.
ii. FFS: Is any additional functionality/spec change needed for this mode.
B. Spec non-transparent mode (preferable): UE monitors all PDCCH coresets only after it detects WB-DMRS
i. FFS if configuration is explicit (for example, through RRC) or implicit (for example one of the coresets monitored by the UE (PDCCH/GC-PDCCH) is configured with WB-DMRS)
ii. FFS if a UE capability indication is required
iii. Note: In this mode the gNB is aware of UE power save behaviour, so it does not transmit a grant to the UE before transmitting WB-DMRS

In power save mode, a UE tries to detect wideband DMRS configured for at least one of a common or UE specific PDCCH. The UE shall assume COT start on detection of wideband DMRS and switch from power save mode to monitoring PDCCH as configured. Using GC-PDCCH detection to trigger other PDCCH decoding, will cause significant delay in the receiver processing, and is also very restrictive, hence we don’t support this. This way, an actual GC-PDCCH transmission is not required to signal COT-start to the UE. After detecting wideband DMRS, the UE shall monitor all configured PDCCH CORESET’s for a configured duration of time till it detects a valid PDCCH/GC-PDCCH (Figure 2). In case the UE doesn’t detect a valid PDCCH/GC-PDCCH for the configured duration of time, it goes back into power save mode trying to detect wideband DMRS. If it detects a valid PDCCH, it continues to monitor PDCCH as configured till the end of COT (obtained through a COT-SI if detected) or a timer expiry after which it again switches into the power save mode.


[bookmark: _Ref7794537]Figure 2: UE power save mode (spec non-transparent) operation


[bookmark: p2][bookmark: h]Proposal : When the UE power save, based on spec non-transparent mode is enabled:
· UE is not required to monitor PDCCH sent in a COT (i.e. it remains in a power save mode) if it has not yet detected wideband DMRS in the COT.
· UE shall monitor PDCCH as configured for a duration of time, after detecting the wideband DMRS in a configured CORESET.
· FFS: If this is based on only detecting the WB-DMRS even if a valid PDCCH/GC-PDCCH is not found or also on detecting of PDCCH/GC-PDCCH
[bookmark: p3]
Proposal : A UE that is monitoring control channels, e.g. inside a COT, can switch back to power save mode and start looking for wideband DMRS under the following conditions:
· UE did not receive a valid PDCCH or GC-PDCCH for a configured duration of time
· UE received COT-SI in a GC-PDCCH, and the COT end signalled by the COT-SI is reached.

The wideband DMRS can be sent multiple times in a COT as part of the DMRS for PDCCH, in case UE missed detection at the beginning of the COT. This further reduces the probability of missing the COT when this UE power saving feature is enabled. 

[bookmark: p4]Proposal : NR-U design should not preclude transmitting wideband DMRS inside COT

There were some proposals to support WB-DMRS with precoder cycling. However, with precoder cycling, a simple FFT based receiver for DMRS detection may not be feasible. Also, the performance shown above seems sufficient to meet the performance requirements expected of the initial signal. We hence propose that UE can assume that the WB-DMRS uses the same precoder.

[bookmark: p5]Proposal : UE may assume the same precoder is used for WB-DMRS across frequency within a subband and/or a CORESET cluster
1. Dynamic PDCCH monitoring switching
The RAN1#95 agreement includes the following with respect to dynamic PDCCH monitoring periodicity:
· Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.
To reduce the LBT related overhead, it is desirable for gNB to have a flexible COT starting point (such as every one or two symbols). However, this would mean the UE has to monitor for the DL burst start continuously. Any design that provides flexible COT starting time in a slot should consider the following:
· UE PDCCH monitoring complexity and power consumption
· Less PDCCH overhead 
· Robust detection of the DL transmission
· Ability for UE that missed detecting the start of transmission to detect at a later time
There are proposals to have gNB schedule data with mini-slot granularity in the beginning of the COT to allow flexible COT start, and then switch to slot level granularity to reduce UE monitoring complexity and PDCCH overhead. The current NR PDSCH transmission type B with 2/4/7 symbol duration supports this.

[bookmark: p6]Proposal : The current NR PDSCH transmission type B scheduling with 2/4/7 symbol duration (mini-slot based scheduling) can be reused for NR-U, to allow flexible gNB COT starting points.

The UE has to monitor the PDCCH at mini-slot granularity before COT start and for some time after COT start. After the first or second slot boundary, the gNB can switch the scheduling to slot level, as shown in Figure 3, to reduce UE PDCCH monitoring complexity. The scheduled frequency resources may also be different before and after COT start.

[bookmark: p7]Proposal : The frequency resources UE monitors for PDCCH may change dynamically, e.g., based on explicit signalling or determined implicitly through the gNB COT start detection.


[bookmark: _Ref534964080]Figure 3: Dynamic PDCCH monitoring
[bookmark: _Hlk534921683]In case the UE missed detection of the initial mini-slot level PDCCH, there should be a way to recover after the slot boundary where slot level PDCCH starts. One way to achieve this is the following (Figure 4). There is one set of decoding candidates (set A for example), that is common between before and after the COT start. This is in a CORESET which is at the start of a slot (slot level granularity). There is another set of decoding candidates (set B), that is different for the monitoring occasions before and after the COT start. Set B for monitoring occasions before the COT start (say B2) and after the COT start (say B1) may be of different size. The set B1 is hashed in coreset(s) at the start of a slot (slot level granularity), and the set B2 is hashed in mini-slot coreset(s). The coreset(s) for A and B1 can be the same. A UE monitors for PDCCH candidates (set A, set B2) before the COT start and (set A, set B1) after the COT start. The total search candidates before and after the COT start is within the UE blind decode capability.
[bookmark: _Hlk534921776]Note: The trigger for UE to switch the PDCCH monitoring pattern (example: A, B2 vs A, B1) may be an explicit (for example, a bit field in DCI) or implicit (for example, successfully decoding PDCCH from set B2) indication as discussed below.




[bookmark: _Ref534920975]Figure 4: Nested PDCCH structure
[bookmark: p8]
Proposal : In case the PDCCH monitoring configuration is changed dynamically and switching trigger is not reliable enough, NR-U should support a mechanism to provide robustness for UE if it misses the switching trigger.

Trigger to indicate the UE to switch PDCCH monitoring:
The UE can be provided with two configurations to monitor PDCCH/GC-PDCCH. The first is applied before COT start where at least one of PDCCH or GC-PDCCH is mini-slot level monitoring. The second configuration can have all common and UE specific PDCCH with slot-level or multiple of slot level monitoring periodicity to save power. The UE can switch monitoring between the candidate configurations before and after COT start, based on one of the following triggers:
· Implicitly based on detection of a DL transmission and the next slot boundary.
· Explicit indication to switch in a common or UE specific PDCCH.
· Implicitly based on past traffic pattern. For example, the UE can monitor the mini-slot level PDCCH candidate only if it was scheduled in the past within a specified time window.
· In NSA case, the licensed carrier may explicitly trigger one of the two PDCCH configurations for UE monitoring. This way the gNB may selectively choose only UEs which have traffic to switch to mini-slot level monitoring.

[bookmark: p9]Proposal : A UE can be provided with two configurations to monitor PDCCH/GC-PDCCH (for example, first at mini-slot level and second at slot or multi-slot level). The following triggers can be considered for switching between the monitoring configurations.
· The UE switches from the first to the second configuration, after detecting a common or UE specific PDCCH
· FFS if explicit (e.g. bits in DCI) or implicit switch (e.g. just detecting PDCCH)
· FFS delay after which the switch is applicable (e.g. next slot boundary after a minimum required processing time)
· The UE switches from second to first configuration after the end of COT determined based on COT structure indication received in a common PDCCH or a timer expiry if COT-SI is not received.

[bookmark: p10]Proposal : A UE can switch from a first monitoring configuration (e.g., mini-slot level) to a second monitoring configuration (e.g., slot/multi-slot level), it is not scheduled for a specific duration of time

[bookmark: p11]Proposal : In NSA mode of operation, gNB can explicitly indicate/trigger PDCCH monitoring switch for the unlicensed carrier, using the licensed carrier.

Note that the WB-DMRS based DL burst detection in the previous section is just a UE power save feature, which when enabled can help save power by detecting WB-DMRS first before performing PDCCH BD and it is not to be mixed with the dynamic PDCCH monitoring occasions that can be configured for the benefits discussed above. Specifically, the benefits of changes in PDCCH monitoring occasion are also applicable when none of the PDCCH are configured with WB-DMRS and UE just monitors them with regular DMRS.

[bookmark: o1]Observation 1: The wideband DMRS based DL burst detection discussed in the previous section is just a UE power save feature and is independent of the dynamic switching of PDCCH monitoring occasions that can be configured before and after the start of downlink transmission.

PDSCH transmission
The previous RAN1#92bis to RAN1#95 agreements contains the following with respect to PDSCH transmission
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary
· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.
· It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.
Following was agreed in [6] with respect to PDSCH transmission:
· Only further discuss/consider Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) as potential enhancements to PDSCH transmissions.

Consider the non-trivial standardization effort needed to support new options (other than option 1 already supported in NR Rel.15), and consider the limited time available, we propose the deprioritize the discussion of other options.
[bookmark: p12]Proposal : PDSCH(s) as in Rel.15 NR (Option 1) is used to support multiple DL starting positions and other options need not be considered.
CSI-RS
In NR, CSI-RS transmission can be periodic, semi-persistent, and aperiodic. In NR-U, due to the LBT requirement for DL transmission, aperiodic CSI-RS fits the opportunistic transmission of a DL burst. On the other hand, NR periodic CSI-RS and semi-persistent CSI-RS cannot carry over to NR-U directly, considering the fact that the configured transmission opportunity may not be useable due to LBT failure. 
Simple changes to periodic and semi-persistent CSI-RS can be introduced to make it more LBT friendly. For example, if the periodic and semi-persistent CSI-RS are configured, they can be only transmitted when the configured transmission opportunity falls in the DL portion of a COT. On the UE side, if the processing of periodic and semi-persistent CSI-RS is conditioned on the detection of COT start, these CSI-RS types can still be supported in NR-U, as a scheduler choice.
[bookmark: j][bookmark: p13]Proposal : Periodic, semi-persistent, and aperiodic CSI-RS can be supported in NR-U. The transmission and processing of periodic and semi-persistent CSI-RS should be conditioned on the detection that the transmission opportunity falls in the DL portion of a COT.
COT structure indication
The work item description includes the following with respect to COT structure indication (COT-SI):
· DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure;
The RAN1#94bis and AH#1901 agreements includes the following with respect to COT structure indication:
· In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving

SFI feature was introduced in Rel.15 NR to indicating to the UE on the format of slot(s). The UE configured to monitor the SFI will be informed the OFDM symbols in a slot or a sequence of slots to be DL, UL, or flexible.
In LTE-LAA, C-PDCCH was introduced to indicate to the UE the structure of COT, including the length of DL portion of COT, the length of gap, and the length of UL portion. 
As we can see, the key functionality of C-PDCCH can be achieved by using SFI. However, the Rel.15 NR SFI functionality is limited as the slot formats that can be indicated, and the monitoring of the GC-PDCCH carrying SFI were optimized for licensed operation. The concept of a COT is specific to unlicensed operation, and the parameters mentioned above for LTE-LAA, along with the NR SFI, define the COT structure. The COT structure indicator (COT-SI) may refer to the enhanced SFI for NR-U. For NR-U, it is possible to add some more enhancements to the SFI, to make it more unlicensed operation friendly.
Some features already in LTE-LAA C-PDCCH that can be considered, includes:
· 2-stage PUSCH trigger
· COT sharing indicator for AUL (or CG-UL in NR-U)
Some additional features to be considered for COT-SI includes
· Using GC-PDCCH carrying COT-SI to indicate the subband usage if subband LBT is applied 
· Triggered RACH occasions
· RRC configured RACH
[bookmark: k]In NR-U, it is beneficial for a UE to know if it is inside or outside of a gNB COT. The UE can use this information to determine the type of LBT to use for RRC configured transmissions like CG-UL, PRACH, periodic SRS, etc. Another use case is UE power saving based on detecting an initial signal, given in the earlier section. A UE can switch back into power save mode at the end of the COT. Thus, in addition to the slot format indication in NR (DCI format 2_0), the COT structure indicator (COT-SI) for NR-U, may contain information like remaining COT duration (or COT end), pause start and end for each pause duration in the COT. COT pause is considered outside of the gNB COT.

[bookmark: p14]Proposal : NR SFI can be enhanced to support the functionality of LTE-LAA C-PDCCH and support sub-band based channel access. The proposed enhancements include at least the following
· Include a bitmap to indicate which sub-bands/carriers are acquired by the gNB
· Information of remaining COT duration in number of symbols
· FFS if full flexibility is provided or if it is quantized 
· Information of pause durations within the COT comprising a pause start offset and a pause duration in number of symbols, for each pause duration
· FFS if full flexibility is provided or if this is quantized
· FFS: Number of pauses supported

A UE can miss detecting a COT-SI sometimes, possibly due to a hidden node interference. It is thus beneficial to transmit at least some COT information in the COT-SI, like the COT duration and DL/UL/pause durations, multiple times within a COT.

[bookmark: p15]Proposal : At least some COT information, like the DL/UL/pause durations can be transmitted more than once within the COT. 

NR-U will likely follow NR to have RRC configured PRACH opportunities. However, due to unlicensed nature of the channel, it is not desirable to configure high density PRACH transmission opportunities to avoid too much medium reservation. The RRC configured PRACH transmissions are also subject to Cat-4 LBT, so a UE may not be able to take advantage of the RRC configured PRACH transmission opportunities. Additional PRACH transmission occasions can be dynamically triggered by a DCI, and a UE can perform a Cat-2 LBT for the transmission within gNB acquired COT which increases the probability of a successful PRACH transmission. It would thus be beneficial for idle mode UEs to also decode the COT information. Hence it is beneficial to configure the COT structure indication (or SFI) monitoring in the RMSI. 

[bookmark: p16]Proposal : NR-U shall support configuring the COT-SI (or SFI) monitoring in the RMSI.

[bookmark: p17]Proposal : NR SFI can be enhanced to support the following additional functionalities
· Information on additional dynamically triggered RACH resources.
· E.g. Resource location (may be relative), enable disable flag, LBT type
· Traffic priority class of the current COT.
· Information related to CG-UL configured for the current COT.
· E.g.  Whether it is allowed, and LBT type if it is allowed.

Summary
In this section, we summarize the proposals for DL signals and channels for NR-U in SUB-7GHZ BAND.
 Proposal 1: Wideband DMRS can be used to enable UE power saving in one of the following modes:
C. Spec transparent mode: UE saves power only when monitoring PDCCH in coresets where WB-DMRS is configured. For other coresets UE performs regular PDCCH monitoring.
i. In this mode, gNB is oblivious to the UE power save behaviour.
ii. FFS: Is any additional functionality/spec change needed for this mode.
D. Spec non-transparent mode (preferable): UE monitors all PDCCH coresets only after it detects WB-DMRS
i. FFS if configuration is explicit (for example, through RRC) or implicit (for example one of the coresets monitored by the UE (PDCCH/GC-PDCCH) is configured with WB-DMRS)
ii. FFS if a UE capability indication is required
iii. Note: In this mode the gNB is aware of UE power save behaviour, so it does not transmit a grant to the UE before transmitting WB-DMRS
Proposal 2: When the UE power save, based on spec non-transparent mode is enabled:
· UE is not required to monitor PDCCH sent in a COT (i.e. it remains in a power save mode) if it has not yet detected wideband DMRS in the COT.
· UE shall monitor PDCCH as configured for a duration of time, after detecting the wideband DMRS in a configured CORESET.
· FFS: If this is based on only detecting the WB-DMRS even if a valid PDCCH/GC-PDCCH is not found or also on detecting of PDCCH/GC-PDCCH

Proposal 3: A UE that is monitoring control channels, e.g. inside a COT, can switch back to power save mode and start looking for wideband DMRS under the following conditions:
· UE did not receive a valid PDCCH or GC-PDCCH for a configured duration of time
· UE received COT-SI in a GC-PDCCH, and the COT end signalled by the COT-SI is reached.
Proposal 4: NR-U design should not preclude transmitting wideband DMRS inside COT
Proposal 5: UE may assume the same precoder is used for WB-DMRS across frequency within a subband and/or a CORESET cluster
Proposal 6: The current NR PDSCH transmission type B scheduling with 2/4/7 symbol duration (mini-slot based scheduling) can be reused for NR-U, to allow flexible gNB COT starting points.
Proposal 7: The frequency resources UE monitors for PDCCH may change dynamically, e.g., based on explicit signalling or determined implicitly through the gNB COT start detection.

Proposal 8: In case the PDCCH monitoring configuration is changed dynamically and switching trigger is not reliable enough, NR-U should support a mechanism to provide robustness for UE if it misses the switching trigger.
Proposal 9: A UE can be provided with two configurations to monitor PDCCH/GC-PDCCH (for example, first at mini-slot level and second at slot or multi-slot level). The following triggers can be considered for switching between the monitoring configurations.
· The UE switches from the first to the second configuration, after detecting a common or UE specific PDCCH
· FFS if explicit (e.g. bits in DCI) or implicit switch (e.g. just detecting PDCCH)
· FFS delay after which the switch is applicable (e.g. next slot boundary after a minimum required processing time)
· The UE switches from second to first configuration after the end of COT determined based on COT structure indication received in a common PDCCH or a timer expiry if COT-SI is not received.
Proposal 10: A UE can switch from a first monitoring configuration (e.g., mini-slot level) to a second monitoring configuration (e.g., slot/multi-slot level), it is not scheduled for a specific duration of time
Proposal 11: In NSA mode of operation, gNB can explicitly indicate/trigger PDCCH monitoring switch for the unlicensed carrier, using the licensed carrier.
Observation 1: The wideband DMRS based DL burst detection discussed in the previous section is just a UE power save feature and is independent of the dynamic switching of PDCCH monitoring occasions that can be configured before and after the start of downlink transmission.
Proposal 12: PDSCH(s) as in Rel.15 NR (Option 1) is used to support multiple DL starting positions and other options need not be considered.
Proposal 13: Periodic, semi-persistent, and aperiodic CSI-RS can be supported in NR-U. The transmission and processing of periodic and semi-persistent CSI-RS should be conditioned on the detection that the transmission opportunity falls in the DL portion of a COT.
Proposal 14: NR SFI can be enhanced to support the functionality of LTE-LAA C-PDCCH and support sub-band based channel access. The proposed enhancements include at least the following
· Include a bitmap to indicate which sub-bands/carriers are acquired by the gNB
· Information of remaining COT duration in number of symbols
· FFS if full flexibility is provided or if it is quantized 
· Information of pause durations within the COT comprising a pause start offset and a pause duration in number of symbols, for each pause duration
· FFS if full flexibility is provided or if this is quantized
· FFS: Number of pauses supported
Proposal 15: At least some COT information, like the DL/UL/pause durations can be transmitted more than once within the COT. 
Proposal 16: NR-U shall support configuring the COT-SI (or SFI) monitoring in the RMSI.

Proposal 17: NR SFI can be enhanced to support the following additional functionalities
· Information on additional dynamically triggered RACH resources.
· E.g. Resource location (may be relative), enable disable flag, LBT type
· Traffic priority class of the current COT.
· Information related to CG-UL configured for the current COT.
· E.g.  Whether it is allowed, and LBT type if it is allowed.
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