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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 RAN#84 the following guidance was provided on prioritization of work items for DL channels and signals for NR-U:
Essential
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
Optimizations
· CSI-RS enhancement outside of DRS
· More opportunities for CSI-RS to compensate the possible LBT failure
· A-TRS directly QCL with SSB
In this contribution, we present our views on some of the remaining aspects of DL signals and channels.
Previous Agreements
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.
· 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:
· 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.
RAN#97 - 7.2.2.1.2 DL Signals and Channels
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
RAN#98 - 7.2.2.1.2 DL Signals and Channels
Agreement:
· The following is agreed for DM-RS positions for PDSCH mapping Type B of length 9 and 10:

	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
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	10
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· 
If the PDSCH duration  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, 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)
RAN#98bis – 7.2.2.1.2 DL Signals and Channels
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.

Dynamic PDCCH monitoring switching
The RAN1#95 and RAN1#98bis agreements include 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.
· 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 NR release 15, the mini-slot level PDCCH monitoring (or PDCCH search space monitoring in any symbol within the slot) is not mandatory and is based on UE capability. This applies to the additional type-B durations agreed in RAN1#97 as well, and UE capability fields for PDCCH search space monitoring occasions can be enhanced for the additional type-B durations.
[bookmark: p1]Proposal : No enhancement of mandatory UE PDCCH monitoring capability over NR Rel-15 is introduced for NR-U.
· UE capability field for PDCCH search space monitoring occasions to be enhanced for the additional type-B durations.

In RAN1#98bis, it was agreed to provide the UE with at least 2 groups of search space sets, so the UE can switch between them (e.g. between outside and inside COT for UE power saving). Following are the remaining issues on this topic:
· Whether the switching is implicit or explicit
· What is the switching trigger (e.g. DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH)?
· When to switch after detecting the switching trigger?
· How to make the switching robust against missing the trigger?

Implicit vs explicit switching between the search set groups:
Let’s consider the pros and cons of implicit vs explicit indication for switching from group A (outside COT) to group B (inside COT):
Implicit switching pros / Explicit switching cons:
· Switching to group B can happen on detecting any PDCCH, hence robust even if GC-PDCCH is missed.
· Switching to group B can happen even if GC-PDCCH is not configured.
Implicit switching cons / Explicit switching pros:
· Explicit switching gives more gNB control on UE monitoring behaviour. 
· In explicit switching indication, the GC-PDCCH that provides the indication to switch to group B, can also provide the end of COT info to switch back to group A (outside COT)
· In implicit switching, if GC-PDCCH containing COT-SI is not detected, there is no clear indication on when to switch back.
· For example, if UE detects PDCCH only near end of COT, it switches to group B and may continue this even beyond the COT.
The explicit indication provides more gNB control at the cost of power saving or continuing group A search space set monitoring for a longer time inside COT. The COT duration field was agreed to be added to GC-PDCCH in RAN1#98bis. The same COT duration field can also be used as explicit indication from both group-A to B and vice-versa. The first switch happens on detecting the PDCCH and the second switch happens at the end of the COT duration indicated in the GC-PDCCH. Following are the advantages are using this as an explicit indication to switch:
· Single indication for switching both ways, i.e from group-A to group B, and group-B to group-A.
· UE always monitors group-A search space set by default and only switch for a COT duration to group-B. 
· Separate indications for A to B and B to A leads to unpredictable behaviour if UE misses one of them.
A UE specific indication to switch is also useful since this is expected to work even without a GC-PDCCH or COT duration field configured. Regarding the third issue on the timeline for switching, following points are considered.
· UE should have enough time to decode the PDCCH/GC-PDCCH and switch to the new monitoring group.
· Switching boundary should be unambiguous (e.g. a slot boundary)
Based on the above arguments we make the following proposal.
[bookmark: p2]Proposal : A UE switches from monitoring search space sets in a group-A outside COT to a group-B inside COT, and vice-versa based on explicit indication in a common PDCCH or a UE specific PDCCH.
· A non-zero COT duration field in common PDCCH serves as an explicit indication for both the UE to switch from monitoring group-A to group-B, and back to group-A.
· The UE switches to group-B at a slot boundary that is at least N symbols after the common PDCCH containing the COT duration.
· The UE switches back to group-A at the end of the COT duration.
· A UE specific PDCCH contains an explicit bit to indicate the target group to switch.
· The UE switches to the target group at a slot boundary that is at least a N symbols after the UE specific PDCCH.
· The UE, when monitoring group-B, switches back to group-A after a configured maximum duration when no indication to switch back is detected.
· The value of N is based on UE capability.
· RRC configuration to independently enable or disable the common and UE specific PDCCH based switching.

When a UE switches between monitoring one of two groups, it is imperative to configure one of them as a default group. The UE switches back to the default group if there is no indication for some configured duration of time. In the unlicensed context, the group A outside COT can be configured as the default group. The UE monitors this group before gNB acquires the COT.
[bookmark: p3]Proposal : One group out of the group of search space sets provided to the UE, is configured as a default group, and the UE monitors the search space sets in this group if an explicit indication is not received for a duration of time.
· The duration of time is RRC configured
When a UE is enabled to switch based on both common and UE specific PDCCH indications, it is required to define the switching behaviour when both are present. The following simple rule can be used:
· The UE specific indication takes priority over the common PDCCH indication till end of COT indicated by the common PDCCH.
[bookmark: p4]Proposal : A UE specific indication to switch, when enabled, takes priority for a duration of the COT indicated by the common PDCCH.
PDSCH transmission
The following was agreed in RAN1#97 ([8]) and RAN1#98 ([10]):
· 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
The following is agreed for DMRS positions for PDSCH mapping type B of length 9 and 10:

	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
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· 
If the PDSCH duration  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, shall be incremented by 1
· FFS: Whether the increment is applicable to all slots or a subset of slots
· PDSCH type B durations 9,10 will not be optimised for double symbol DM-RS for avoiding LTE-CRS collisions

Additional durations (other than already supported in Rel-15) for PDSCH monitoring type B are optional (not mandatory) from the perspective of this agenda item since the incremental gains do not justify this. 
[bookmark: p5]Proposal : All PDSCH mapping type B durations other than those already supported in Rel-15 are optional UE capability. None of them are made mandatory. 

For the additional durations included for type-B PDSCH, the DMRS locations defined in release-15 for type B PUSCH DMRS can be reused as much as possible to reduce the standardization efforts. However, some changes are needed due to the following reasons:
· The type-B PDSCH may include overlapping coreset symbols not present in PUSCH.
· It will be preferable to reuse DMRS patterns that are similar in structure to the type A/type B DL patterns already supported by UE to avoid increasing UE implementation costs.
· For 12/13 symbol case, the PUSCH type B pattern has a gap of 9 symbols between two DMRS which is currently not supported in DL
Let’s first consider issue of overlap with coreset symbols. In NR release 15, for type-B allocation with L = {2,4,7}, when the PDSCH allocation collides with the CORESET symbols, all the DMRS symbols are shifted right by the number of CORESET overlap symbols. When introducing additional durations for type-B PDSCH, for longer type-B PDSCH durations (>7 symbols) and when 1 additional DMRS is configured, shifting all the DMRS symbols to the right by number of coreset symbols will cause the last DMRS symbol shift to the end, or out of the allocation as shown in the below Error! Reference source not found.. The following are the issues in shifting all the DMRS symbols right by number of CORESET symbols.
· When last DMRS symbol gets shifted out of the PDSCH allocation (with 2 CORESET symbols), we are left with a single front loaded DMRS which can create doppler issues when the duration of the allocation is long (>7 symbols)
· [bookmark: _Ref24050474]When the last DMRS symbol gets shifted to end of the allocation (with 1 CORESET symbol), there may be processing timeline issues for the UE. 
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Figure 1: Type-B PDSCH with L=10, shifting DMRS by number of CORESET symbols

Instead of shifting by number of CORESET symbols, we can map PUSCH DMRS pattern based on the number of Non-CORESET symbols as shown in below Figure 2. In this case for L=10, when there is 1 CORESET symbol overlap, we choose the DMRS pattern from L=9 case and it starts from the second symbol

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


[bookmark: _Ref24054730]Figure 2: Type-B PDSCH with L=10, DMRS pattern mapped based on non-CORESET symbol duration

Based on the above reasoning, we propose that the PUSCH DMRS locations is reused based on the number of non-coreset symbols in the type B PDSCH. For example, a type B PDSCH with 8 symbols including 1 overlapping coreset symbol, can reuse the PUSCH DMRS pattern for 7 symbols. The reuse can be done for up to 11 non-coreset symbols, except for the single symbol DMRS cases with durations of 9/10 symbols for which the DMRS pattern is already agreed in RAN1#98 ([10]). An exception is also made when the number of non-coreset symbols is 5 and two DMRS is configured, by dropping the last DMRS to match it with a 7 symbol type B DMRS pattern with 2 coreset symbols. In other words, only one front loaded single symbol DMRS is supported for up to 5 non-coreset symbols for type-B PDSCH allocation.



Figure 3: Type-B PDSCH with 5 non-coreset symbols
[bookmark: p6]Proposal : The DMRS pattern for a type-B PDSCH for durations of 8 to 11 non-coreset symbols, except for single symbol DMRS cases for durations {9, 10}, is obtained by mapping the NR release 15 type-B PUSCH DMRS pattern to the non-coreset symbols of the type-B PDSCH. 
· Length of the type-B PUSCH DMRS pattern to be mapped is same as the number of non-coreset symbols in the type-B PDSCH.

[bookmark: p7]Proposal  : When number of non-coreset symbols is 5, and two DMRS is configured, the last DMRS symbol is dropped
In case of PUSCH with 12 symbol allocation in NR, the gap between first and last DMRS symbols is 9 which exceeds the maximum gap supported by PDSCH type A (8 symbols). To simplify the receiver processing, we propose to modify the PUSCH pattern for this case, so it meets the following constraints:
· Maximum gap between any two DMRS symbols is 8
· Limit the maximum number of symbols to extrapolate the channel estimate in the end to 2.
· DMRS gap pattern is matched to some release-15 type-A PDSCH allocation
Based on the above constraints, the following modification applied on top of the PUSCH DMRS pattern for 12 symbols to obtain the PDSCH DMRS pattern for 12 non-coreset symbols:
· The time domain location of the last DMRS symbol or DMRS symbol pair, is shifted to the previous symbol (as shown in figure below).



Figure 4: DMRS pattern for type-B PDSCH with 12 non-coreset symbols
[bookmark: p8]Proposal : When 12 non-coreset symbols are present in a type-B PDSCH allocation, the DMRS are on:
· Single symbol DMRS
· 2 DMRS: {m, m+9}
· 3 DMRS: {m, m+5, m+9}
· 4 DMRS: {m, m+3, m+6, m+9}
· Double symbol DMRS: {m, m+1, m+8, m+9}
where m is the first non-coreset PDSCH symbol
Type-B PDSCH allocation with 4 single symbol DMRS (or 3 additional DMRS) is not supported when there are 3 coreset symbols (or the first DMRS is in the 4th symbol or pos3). This is taken from a similar restriction in NR release-15 when defining type-A DMRS patterns for 3 additional DMRS (38.211, section 7.4.1.1.2), which states that dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'.
[bookmark: p9]Proposal : Three coreset symbols are not supported for type B PDSCH with 4 single symbol DMRS
It is not beneficial to support type-B PDSCH for L=14 symbols or for L=13 non-coreset symbols (i.e. none of the 13 symbols in the allocation overlaps with a coreset), since PDSCH mapping type-A can be used to support these cases even in current NR.
[bookmark: p10]Proposal : Following durations for PDSCH mapping Type-B are not supported
· L=14 symbols
· L=13 non-coreset symbols
Following table provides a summary of DMRS positions proposed.
Table 1: DMRS positions l for type-B PDSCH


PDSCH ACK timeline for additional type-B durations
The PDSCH to HARQ-ACK timeline is given in section 5.3, 38.214, NR release 15. The minimum time between last PDSCH symbol and start of ACK symbol (including TA) is given by the following equation in terms of number of samples at 30.72MHz sampling rate.
[image: ]
The quantity N1 is based on UE capability given by the tables 5.3-1 and 5.3-2, 38.214. The quantity d1,1 is determined as summarized in the following table:
Table 2: d_1,1 values in NR release 15


The processing timelines for the additional type-B durations can be extrapolated from the above release-15 numbers, so that no additional processing overhead is imposed on the UE.
[bookmark: p11]Proposal : The value of d_1,1 for additional PDSCH mapping type-B durations is determined as follows:
· UE capability 1:
· For L = {5, 6}: d_1,1 = 7-L
· For L=3: d_1,1 = 4
· For L>7, d_1,1=0
· For UE capability 2:
· For L = {5, 6}: d_1,1 = min(d, 7-L)
· For L=3, d_1,1 = d
· For L>7, d_1,1=0
Where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
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
The following was agreed in RAN1#98 and RAN1#98bis ([10] and [11])
· Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)
· 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
In addition to the sub-band usage indication and the COT duration indication, it is useful to include the pause start and end indication, and channel access priority class (CAPC) since configured grant uplink (CG-UL) transmissions need this information for deciding the LBT type to be used.
[bookmark: p12]Proposal : NR DCI format 2_0 is further enhanced to support the following
· Information on pause durations within the COT comprising a pause start offset and a pause duration in number of symbols, for each pause duration
· Indication of CAPC of the current COT.
Following are remaining issues on COT duration and sub-band indication:
· Whether the duration is encoded as e.g., total length or remaining length.
· Granularity of the signaled duration
· RRC configuration for encoding the bit-field value
· Details of SFI mechanism to indicate end of COT in case COT duration not present
The main purpose of COT duration indication is to help UE to determine whether it is inside or outside gNB COT. This requires knowledge of end of the current COT, since beyond that is outside COT. In case the total length of COT is indicated in a GC-PDCCH, the start of COT is also additionally required to determine the end of COT. Indicating start of COT is additional overhead, hence indicating remaining length is preferable.
[bookmark: p13]Proposal : The remaining COT duration is indicated by the COT length field.

Any design for indicating the remaining COT duration should consider the following:
· DCI overhead should be minimal.
· Indicate long durations (up to MCOT, e.g. 8 ms).
· This may be required when gNB schedules an all UL COT.
· Indicate short durations very precisely (e.g. few symbols)
· In multiple COT-SI indications within COT, the later indications towards end of COT will need this.
· Indication should be reasonably accurate and gNB should ensure the following:
· UE does not transmit outside of gNB COT with cat2 LBT.
· UE does not miss monitoring any PDCCH.
· UE does not process a non-existing DL signal (e.g. P-CSI-RS outside gNB COT)
Firstly, non-linear quantization is allowed for the remaining COT duration to allow both short and long durations with small DCI overhead. Sometimes when the gNB is not sure about the exact COT duration (e.g. it isn’t sure yet how long it wants to use the medium), it can indicate that the COT is longer than a duration X, and then indicate the exact COT duration before end of duration X. Hence, the design should include entries that indicate that the duration is at least X, but gNB is not sure beyond that. Following is an example table to map bits to remaining COT duration indication for 15 kHz SCS. 
Table 3: Example COT duration mapping table
	Remaining COT duration indication (6 bits) M
	Remaining COT duration value (including this symbol)

	0:27
	1:28 symbols

	28:47
	30:2:68 symbols

	48:54
	5:0.5:8 slots

	55-63
	> N slots, N=M-54



The example is for a SCS=15 kHz case and it can indicate up to 8 ms COT duration. The step size is non-uniform so it can indicate smaller COT durations also (e.g. when COT-SI is transmitted towards the end of COT). There are also some entries indicating that the COT is greater than a duration X. This can be used when gNB is unsure of the exact duration.



Figure 5: Example of remaining COT duration indication

[bookmark: p14]Proposal : Index to an entry of a look up table (LUT) is used to indicate the remaining COT duration.
· The LUT contains entries to indicate up to the MCOT duration (e.g. 8ms).
· The LUT may include entries to indicate that the duration is greater than a value.
· The LUT supports non-uniform step sizes.
· FFS: LUT is spec defined or RRC configured.

Even after receiving the COT-SI, when the sub-band usage is unknown to the UE (example all zero bitmap for sub-band usage), the UE behavior must be defined for transmission and reception. Firstly, the UE continues to monitor PDCCH in all sub-bands till a valid sub-band usage indication is received. For dynamically scheduled transmissions, the UE follows LBT type in the grant, and for configured transmissions, the UE performs cat4 LBT. For RRC configured DL signals like periodic CSI-RS, the UE assumes that these are cancelled.
[bookmark: p15]Proposal : In case a UE detects gNB COT but the sub-band usage is unknown, the UE behavior is determined as follows:
· Continue PDCCH monitoring in all sub-bands
· For dynamic UL grants in the same COT, use LBT type mentioned in the grant 
· For RRC configured uplink transmissions/grant from another COT, no change from cat-4 LBT to cat-2 LBT is allowed on subbands where UE is not sure gNB has acquired COT
UE COT detection for FBE
In FBE mode a UE can just monitor for a PDCCH/GC-PDCCH for a configured duration at the start of every fixed frame period (FFP). In case it detects a PDCCH/GC-PDCCH, it assumes that the serving gNB has acquired the FFP. In case it does not detect a PDCCH/GC-PDCCH within the configured duration, it can stop monitoring PDCCH till end of the FBE frame duration. Sometimes before detecting any PDCCH, the UE may detect a valid PDSCH which was scheduled by a DL grant in a previous FFP or a DL SPS transmission. In this case also the UE can assume that the current FFP is in the serving gNB COT.
[bookmark: p18]Proposal : UE only transmits on an UL resource if it detects at least one of 
· a valid PDCCH N2 symbols before the UL start location in the same FFP
· a valid PDSCH N1 symbols before the UL start location in the same FFP

A UE in idle mode performing initial access (PRACH transmission) is also required to transmit only in FFP acquired by serving gNB. The UE is required to know the FFP structure (e.g. the FFP duration, FFP boundaries). Hence, the RMSI has to include information related to gNB operating in FBE mode and the FFP structure.
[bookmark: p19]Proposal : gNB indicates the operating mode as FBE and the fixed frame period (FFP) structure to the UE through RMSI

In RAN1#98bis FBE mode operation was agreed and the agreement includes the following:
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs.
Thus, GC-PDCCH monitoring configuration in RMSI thus becomes imperative for idle UEs. Additionally, RAN2 had indicated earlier that UE is required to monitor additional paging PDCCH monitoring occasions for NR-U considering the delay to acquire channel by gNB. In order to improve UE power efficiency, they further asked RAN1 to check if there are any other DL signals available which can be used for determining if gNB has access to the unlicensed channel. In general, if the UE detects any PDCCH, the CRC in the PDCCH is reliable enough to indicate to the UE the gNB is transmitting/accessing the unlicensed channel. COT-SI indication is beneficial for this purpose as well. Hence, we make the following proposal.
[bookmark: p20]Proposal : NR-U shall support configuring the GC-PDCCH monitoring in the RMSI to enable COT detection for a UE in idle mode. The UE may additionally use detection of any configured PDCCH to detect gNB COT.
gNB control for switching from cat4 to cat2 LBT type.
The default LBT type for any transmission in LBE mode is cat4. However, when inside a gNB acquired COT, in both frequency and time, and the traffic priority class is higher than that used by the gNB to acquire the COT, the UE can switch the LBT type from cat4 to cat2. The following information in the enhanced SFI or COT-SI is used by the UE to determine whether the switch is allowed:
· Remaining COT duration
· Sub-band usage indication
· LBT priority class of this COT
· Pause indication inside the COT
· SFI information 
A pause inside the gNB COT is considered to be out of COT and a UE can only use cat4 LBT for any transmission. Location of the pause inside the COT can be explicitly indicated in the COT-SI. The gNB can also explicitly indicate LBT types for configured transmissions like CG-UL or RACH.
[bookmark: p21]Proposal : UE determines if UL resource is inside or outside gNB COT based on the following information.
· Remaining COT duration
· Sub-band usage indication
· CAPC of this COT
· Pause duration inside the COT

[bookmark: p22]Proposal : UE can switch LBT type for UL transmission from cat-4 to cat-2 if it determines that the UL resource in time and frequency is inside gNB COT.
· Note: It may also have to look at SFI to confirm that transmission is not cancelled as in NR.

It is useful to include some features in LAA like an explicit bit indication whether or not to allow configured grant uplink (CG-UL) transmissions in this COT.
[bookmark: p23]Proposal : Explicit indication whether to allow configured grant uplink transmissions in the gNB CO is included in COT-SI
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. By conditioning on UE detecting the COT, UE implementation impact is minimized as it does not have to do a detection of presence/absence of CSI-RS.
[bookmark: p24]Proposal : Periodic, semi-persistent, and aperiodic CSI-RS can be supported in NR-U. UE is expected to process periodic and semi-persistent CSI-RS only if it is able to confirm through COT-SI or other PDCCHs that the CSI-RS is inside a gNB COT and that the REs configured for the CSI-RS lie in valid sub-bands of the COT.
· FFS: Minimum time duration required between the COT-SI/other PDCCH and the CSI-RS resource for the UE to process the CSI-RS.
In NR, an aperiodic CSI-RS is triggered by a DCI. The offset from the trigger to the CSI-RS resource is RRC configured. In NRU, to avoid LBT related issues and simplify the CSI-RS reception at the UE, it is beneficial to transmit the DCI trigger and the aperiodic CSI-RS in the same COT.
[bookmark: p28][bookmark: p25]Proposal : Aperiodic CSI-RS and its triggering DCI are transmitted in the same COT.

In the event, that a UE detects CSI-RS (P/SP/AP), but is unable to transmit the CSI report due to LBT failure there must be a mechanism to retransmit the CSI report. The gNB can transmit a DCI to trigger the UE to retransmit the CSI report. This is like the aperiodic trigger, but without a new CSI-RS transmission. This requires the UE to save the CSI report for some configured duration of time after the CSI report transmission opportunity.
[bookmark: p29][bookmark: p26]Proposal : Aperiodic trigger to retransmit periodic/semi-persistent/aperiodic CSI report is supported in case the UE is unable to transmit CSI report due to LBT failure.
· FFS: A maximum time duration after the first CSI report transmit opportunity when the UE expects the trigger.
· UE does not expect a DL CSI-RS transmission after the trigger.
[bookmark: _Hlk16844715]
ZP-CSI-RS resources are configured by the gNB for the UE to rate match PDSCH around these resources. The ZP-CSI-RS is used by the gNB to reserve resources for transmission of NZP-CSI-RS or for interference measurement. The gNB may dynamically decide whether to use these resources or not for a NZP-CSI-RS transmission based on which sub-bands are valid in the current COT, the REs configured for the CSI-RS and the COT-SI sub-band usage indication transmitted. However to enable a robust decoding of PDSCH, the UE always rate matches around the configured ZP-CSI-RS resources whether or not they are used for an actual CSI-RS transmission.
[bookmark: p31][bookmark: p30][bookmark: p27]Proposal : UE always rate matches PDSCH around configured ZP-CSI-RS resources.
Summary
In this section, we summarize the proposals for DL signals and channels for NR-U in SUB-7GHZ BAND.

Proposal 1: No enhancement of mandatory UE PDCCH monitoring capability over NR Rel-15 is introduced for NR-U.
· UE capability field for PDCCH search space monitoring occasions to be enhanced for the additional type-B durations.
Proposal 2: A UE switches from monitoring search space sets in a group-A outside COT to a group-B inside COT, and vice-versa based on explicit indication in a common PDCCH or a UE specific PDCCH.
· A non-zero COT duration field in common PDCCH serves as an explicit indication for both the UE to switch from monitoring group-A to group-B, and back to group-A.
· The UE switches to group-B at a slot boundary that is at least N symbols after the common PDCCH containing the COT duration.
· The UE switches back to group-A at the end of the COT duration.
· A UE specific PDCCH contains an explicit bit to indicate the target group to switch.
· The UE switches to the target group at a slot boundary that is at least a N symbols after the UE specific PDCCH.
· The UE, when monitoring group-B, switches back to group-A after a configured maximum duration when no indication to switch back is detected.
· The value of N is based on UE capability.
· RRC configuration to independently enable or disable the common and UE specific PDCCH based switching.
Proposal 3: One group out of the group of search space sets provided to the UE, is configured as a default group, and the UE monitors the search space sets in this group if an explicit indication is not received for a duration of time.
· The duration of time is RRC configured
Proposal 4: A UE specific indication to switch, when enabled, takes priority for a duration of the COT indicated by the common PDCCH.
Proposal 5: All PDSCH mapping type B durations other than those already supported in Rel-15 are optional UE capability. None of them are made mandatory. 
Proposal 6: The DMRS pattern for a type-B PDSCH for durations of 8 to 11 non-coreset symbols, except for single symbol DMRS cases for durations {9, 10}, is obtained by mapping the NR release 15 type-B PUSCH DMRS pattern to the non-coreset symbols of the type-B PDSCH. 
· Length of the type-B PUSCH DMRS pattern to be mapped is same as the number of non-coreset symbols in the type-B PDSCH.
Proposal  7: When number of non-coreset symbols is 5, and two DMRS is configured, the last DMRS symbol is dropped
Proposal 8: When 12 non-coreset symbols are present in a type-B PDSCH allocation, the DMRS are on:
· Single symbol DMRS
· 2 DMRS: {m, m+9}
· 3 DMRS: {m, m+5, m+9}
· 4 DMRS: {m, m+3, m+6, m+9}
· Double symbol DMRS: {m, m+1, m+8, m+9}
where m is the first non-coreset PDSCH symbol
Proposal 9: Three coreset symbols are not supported for type B PDSCH with 4 single symbol DMRS
Proposal 10: Following durations for PDSCH mapping Type-B are not supported
· L=14 symbols
· L=13 non-coreset symbols
Proposal 11: The value of d_1,1 for additional PDSCH mapping type-B durations is determined as follows:
· UE capability 1:
· For L = {5, 6}: d_1,1 = 7-L
· For L=3: d_1,1 = 4
· For L>7, d_1,1=0
· For UE capability 2:
· For L = {5, 6}: d_1,1 = min(d, 7-L)
· For L=3, d_1,1 = d
· For L>7, d_1,1=0
Where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
Proposal 12: NR DCI format 2_0 is further enhanced to support the following
· Information on pause durations within the COT comprising a pause start offset and a pause duration in number of symbols, for each pause duration
· Indication of CAPC of the current COT.
Proposal 13: The remaining COT duration is indicated by the COT length field.
Proposal 14: Index to an entry of a look up table (LUT) is used to indicate the remaining COT duration.
· The LUT contains entries to indicate up to the MCOT duration (e.g. 8ms).
· The LUT may include entries to indicate that the duration is greater than a value.
· The LUT supports non-uniform step sizes.
· FFS: LUT is spec defined or RRC configured.
Proposal 15: In case a UE detects gNB COT but the sub-band usage is unknown, the UE behavior is determined as follows:
· Continue PDCCH monitoring in all sub-bands
· For dynamic UL grants in the same COT, use LBT type mentioned in the grant 
· For RRC configured uplink transmissions/grant from another COT, no change from cat-4 LBT to cat-2 LBT is allowed on subbands where UE is not sure gNB has acquired COT
Proposal 16: UE only transmits on an UL resource if it detects at least one of 
· a valid PDCCH N2 symbols before the UL start location in the same FFP
· a valid PDSCH N1 symbols before the UL start location in the same FFP
Proposal 17: gNB indicates the operating mode as FBE and the fixed frame period (FFP) structure to the UE through RMSI
Proposal 18: NR-U shall support configuring the GC-PDCCH monitoring in the RMSI to enable COT detection for a UE in idle mode. The UE may additionally use detection of any configured PDCCH to detect gNB COT.
Proposal 19: UE determines if UL resource is inside or outside gNB COT based on the following information.
· Remaining COT duration
· Sub-band usage indication
· CAPC of this COT
· Pause duration inside the COT
Proposal 20: UE can switch LBT type for UL transmission from cat-4 to cat-2 if it determines that the UL resource in time and frequency is inside gNB COT.
· Note: It may also have to look at SFI to confirm that transmission is not cancelled as in NR.
Proposal 21: Explicit indication whether to allow configured grant uplink transmissions in the gNB CO is included in COT-SI
Proposal 22: Periodic, semi-persistent, and aperiodic CSI-RS can be supported in NR-U. UE is expected to process periodic and semi-persistent CSI-RS only if it is able to confirm through COT-SI or other PDCCHs that the CSI-RS is inside a gNB COT and that the REs configured for the CSI-RS lie in valid sub-bands of the COT.
· FFS: Minimum time duration required between the COT-SI/other PDCCH and the CSI-RS resource for the UE to process the CSI-RS.
Proposal 23: Aperiodic CSI-RS and its triggering DCI are transmitted in the same COT.
Proposal 24: Aperiodic trigger to retransmit periodic/semi-persistent/aperiodic CSI report is supported in case the UE is unable to transmit CSI report due to LBT failure.
· FFS: A maximum time duration after the first CSI report transmit opportunity when the UE expects the trigger.
· UE does not expect a DL CSI-RS transmission after the trigger.
Proposal 25: UE always rate matches PDSCH around configured ZP-CSI-RS resources.
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