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During RAN plenary #82, the release 16 work item on unlicensed band operation were approved in [1]. Before that a NR Study Item has been concluded in RAN1 [2].
In RAN plenary #84, down-scoping of features has been agreed in [3]. The relevant scope agreed for this sub-agenda is the following:
7.2.2.1.2 DL signals and channels
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

In RAN plenary #86, NR-U WI has been closed. In this contribution we discuss corrections related to essential features.
On PDCCH monitoring and initial signal reception and design
PDCCH monitoring adaptation in LBE (Issue 1)
In RAN1#99, the following agreement has been reached:

	Agreement:
A UE can be provided with not more than two groups of search space sets (as per previous agreement on search space switching) for PDCCH.
· Note: This resolves the FFS from the previous agreement
Agreement:
When a UE is configured with two groups of search space sets for PDCCH
· The presence of a monitoring group flag in DCI format 2_0 is configurable
· A timer is configured as a number of slots, which is decremented at the end of each slot.
· If the monitoring group flag is present in DCI format 2_0 (Note: Explicit switching between Group1 and Group2 and vice versa, plus implicit switching from Group2 to Group1) 
· If the flag = 1
· Switch to (or keep) monitoring Group2 at the next applicable slot boundary with respect to the detected DCI format 2_0
· The UE starts (or restarts) the configurable timer
· If the flag = 0
· Switch to (or keep) monitoring Group1 at the next applicable slot boundary with respect to the detected DCI format 2_0
· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P1 symbols after
· the end of the slot in which the timer expires, or
· an indicated COT duration is exceeded, whichever comes first
· If the monitoring group flag is not present in DCI format 2_0 (Note: Implicit switching between Group1 and Group2 and vice versa) 
· If any PDCCH in Group1 is successfully detected
· Switch from Group1 to Group2 at the next applicable slot boundary with respect to the detected PDCCH
· The UE starts (or restarts) the configurable timer if it receives any PDCCH 
· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P2 symbols after
· the end of the slot in which the timer expires, or
· an indicated COT duration is exceeded, whichever comes first
· If the UE does not monitor for DCI format 2_0 (Note: Implicit switching between Group1 and Group2 and vice versa) 
· If any PDCCH in Group1 is successfully detected
· Switch from Group1 to Group2 at the next applicable slot boundary with respect to the detected PDCCH 
· The UE starts (or restarts) the configurable timer if it receives any PDCCH 
· The UE switches from Group2 to Group1 at the earliest slot boundary that is at least P2 symbols after the end of the slot in which the timer expires
· The "next applicable slot boundary" is the earliest start of a slot that is at least P1/P2 symbols later than the last symbol of the corresponding PDCCH. P1 and P2 should be no less than the processing time required by the UE for performing search space switching.
· Search space switching is a new UE capability
· Processing time is fixed in the specification
· FFS: Whether P1 and P2 need to be different
· The groups of serving cells to which the above behaviour is applicable can be configured via RRC




While drafting the corresponding parameters, few aspects of the above agreement require clarifications. Firstly, we think that cell grouping is not very useful for NR-U, because LBT is performed by default independently per cell, therefore, if no cell-groups are configured, each cell should be independent. Secondly, it remained unclear whether timer is per cell or per cell-group. This aspect is also dependent on existence of cell groups in the first place. Therefore, we have the following proposal: 

Proposal-1: When UE is not provided with cell groups for purpose of search-space group switching, search space switching mechanisms (including timer) apply independently per cell. When UE is provided with cell groups, search space switching mechanisms (including timer) applies independently to each group of cells.

Thirdly, it remained FFS whether P1 and P2 times shall be the same or different. PDCCH processing (implicit detection requires only CRC check, and does not require decoding of content). At the same time, GC-PDCCH candidates are attempted to be decoded as first. On the other hand, in BWP switching delay, PDCCH decoding time did not play any role, however BWP switching is 3ms and accounts for up to all parameter change, whereas, with SS group switching, only PDCCH monitoring is adapted. If adaptation time is significantly reduced compared to BWP switching time, SS group adaptation could be different for P1 and P2.


Proposal-2: Unless SS-group switching times are significantly reduced compared to BWP switching times, P1 and P2 should be a single value in number of symbols. 

Fourthly, it remained open whether CSS TYPE0-3 can be grouped or not. We think that it would makes sense to adapt TYPE3 CSS scheduling DCI format 2_0 which is important for NR-U. 

Proposal-3: From CSS TYPEs, at least TYPE 3 CSS may be grouped to a search-space group. 


Finally, editor incorrectly captured the following sentence of the above agreement “The "next applicable slot boundary" is the earliest start of a slot that is at least P1/P2 symbols later than the last symbol of the corresponding PDCCH. P1 and P2 should be no less than the processing time required by the UE for performing search space switching.” 

Proposal-4: Adopt the following TP to correctly capture the agreement on search-space groups switching from RAN1#99
	TP for 38.213
10.4	Search space set switching
A UE can be provided a group index for a respective search space set by searchSpaceGroupIdList-r16 for PDCCH monitoring on a serving cell indicated by searchSpaceSwitchingGroup-r16. If the UE is not provided searchSpaceGroupIdList-r16 for a search space set, or for PDCCH monitoring on a serving cell that is not indicated by searchSpaceSwitchingGroup-r16, the following procedures are not applicable for PDCCH monitoring according to the search space set.
A UE can be provided, by searchSpaceSwitchingTimer-r16, a timer value. The UE decrements the timer value by one after each slot in the active DL BWP of the serving cell where the UE monitors PDCCH for detection of DCI format 2_0.
If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set switching field for a serving cell in a DCI format 2_0, as described in Clause 11.1.1, and detects DCI format 2_0 in a slot
-	if the UE is not monitoring PDCCH according to search space sets with group index 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at a first slot that is at least P1 symbols after the detected DCI format 2_0 in the slot in the active DL BWP of the serving cell, if a value of the search space set switching field is 0
-	if the UE is not monitoring PDCCH according to search space sets with group index 1, the UE monitors PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P1 symbols after the detected DCI format 2_0 in the slot in the active DL BWP of the serving cell, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16, if a value of the search space set switching field is 1
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least P1 symbols after a slot where the timer expires or after a last slot of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger-r16 and is for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0 in a slot, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P2 symbols after the detected DCI in the slot in the active DL BWP of a serving cell, the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least P2 symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last slot of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0


PDCCH monitoring adaptation in FBE (Issue 2)
In RAN1#98b, the following agreement has been reached and in this section we tackle the highlighted FFS.
	Agreement:
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· 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
· FFS: Signaling for FBE operation, when the UE operates as an initiating device




When UE is configured with semiStaticChannelAccessConfig-r16 a UE will be aware of FFP parameters. We think that the agreement on the support for the at least two groups of search space sets is applicable also to FBE operation. This will maximize the similarity between LBE and FBE approaches. The main difference between LBE and FBE relates to determination of COT ending:
· In the LBE case, COT ending is determined based on received GC-PDCCH indicating COT-end or the absence of GC-PDCCH based ending UL transmission or “inactivity timer”
· In the FBE case, COT ending is determined based on configured FFP parameters
Figure 1 shows an example of UE monitoring behavior with one SS-set of GROUP 1 (SS set #1) and two SS-sets in GROUP 2 (SS-set #2 and #3). There are two gNB FFPs (Fixed frame period) shown in Figure 1. In the first FFP, UE monitors SS-set of GROUP 1, UE does not detect PDCCH in SS set #1, it does not monitor in SS-sets of GROUP 2. In the second FFP, UE misses the PDCCH of channel in FFP but finds it in the second monitoring occasion of SS set #1. UE starts monitoring SS-sets of GROUP 2 from the next monitoring occasion until end of the FFP.
[image: ]
Figure 1 Example of UE monitoring behaviour
Proposal-4: When UE is configured with semiStaticChannelAccessConfig-r16, UE does not monitor SS-set(s) in GROUP2 in a FFP, unless detects a DCI in a SS-set of GROUP1. 
· Adopt the following TP


	[bookmark: _Toc29894869][bookmark: _Toc29899168][bookmark: _Toc29899586][bookmark: _Toc29917315]TP for 38.213
10.4	Search space set switching
A UE can be provided a group index for a respective search space set by searchSpaceGroupIdList-r16 for PDCCH monitoring on a serving cell indicated by searchSpaceSwitchingGroup-r16. If the UE is not provided searchSpaceGroupIdList-r16 for a search space set, or for PDCCH monitoring on a serving cell that is not indicated by searchSpaceSwitchingGroup-r16, the following procedures are not applicable for PDCCH monitoring according to the search space set.
A UE can be provided, by searchSpaceSwitchingTimer-r16, a timer value. The UE decrements the timer value by one after each slot in the active DL BWP of the serving cell where the UE monitors PDCCH for detection of DCI format 2_0.
If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set switching field for a serving cell in a DCI format 2_0, as described in Clause 11.1.1, and detects DCI format 2_0 in a slot
-	if the UE is not monitoring PDCCH according to search space sets with group index 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at a first slot that is at least P1 symbols after the slot in the active DL BWP of the serving cell, if a value of the search space set switching field is 0
-	if the UE is not monitoring PDCCH according to search space sets with group index 1, the UE monitors PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P1 symbols after the slot in the active DL BWP of the serving cell, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16, if a value of the search space set switching field is 1
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least P1 symbols after a slot where the timer expires or after a last slot of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger-r16 and is not provided with semiStaticChannelAccessConfig-r16 for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0 in a slot, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P2 symbols after the slot in the active DL BWP of a serving cell, the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least P2 symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last slot of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
[bookmark: _Hlk32253293]If a UE is not provided SearchSpaceSwitchTrigger-r16 and is provided with semiStaticChannelAccessConfig-r16 for a serving cell, the UE does not monitor PDCCH according to group index 1 in a period configured by semiStaticChannelAccessConfig-r16, unless it detects PDCCH according to group index 0.



PRACH transmissions in FBE (Issue 3)

When UE is aware of FBE parameters, an idle UE may determine the gNB acquired COT based on existing signals (such as SSB or RMSI PDCCH). However, it’s not possible to have these signals present in each FFP carrying PRACH. Hence, the COT detection should be based on PDCCH monitoring and there should be means for UE to detect a predefined PDCCH at least from the FFPs containing at least one RACH occasions. 
Observation-1: When UE is configured with semiStaticChannelAccessConfig-r16, a gNB should have means to ensure an Idle UE is monitoring within FFP containing at least one RO. 

In order to minimize the configuration overhead for RMSI, the idle UEs should monitor a predefined search space associated to CORESET#0 from the beginning of each FFP containing at least one RO. For this purpose, it should be possible for gNB to configure at least RNTI to be monitored as well as the DCI payload size for idle UEs in RMSI. An idle UE would monitor this DCI format in one or two PDCCH candidates of CSS, and discard content upon detection. This would also enable delivery of GC-PDCCH for both idle and connected UEs, if gNB transmits GC-PDCCH on the common candidate of TYPE3 and TYPE1 CSS.  

The semiStaticChannelAccessConfig-r16 could simply contain a parameter of SFI-RNTI. And UE that intends to transmit PRACH, may monitor for the RNTI in TYPE1 search-space as configured in pdcch-configCommon. 

Proposal-5: When a UE is not provided with C-RNTI and is configured with semiStaticChannelAccessConfig-r16 
· the UE may be configured in SIB1 with at least RNTI and DCI payload size for PDCCH monitoring. 
· the UE is allowed to transmit PRACH if detects PDCCH scrambled with the RNTI in [TYPE1] CSS in FFP period.
· adopt the following TP


	TP for TS38.213
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Prior to initiation of the physical random access procedure, Layer 1 receives from higher layers a set of SS/PBCH block indexes and provides to higher layers a corresponding set of RSRP measurements.
Prior to initiation of the physical random access procedure, Layer 1 may receive from higher layers an indication to perform a Type-1 random access procedure, as described in Clauses 8.1 through 8.4, or a Type-2 random access procedure as described in Clauses 8.1 through 8.2A. 
Prior to initiation of the physical random access procedure, Layer 1 receives the following information from the higher layers:
-	Configuration of physical random access channel (PRACH) transmission parameters (PRACH preamble format, time resources, and frequency resources for PRACH transmission).
-	Parameters for determining the root sequences and their cyclic shifts in the PRACH preamble sequence set (index to logical root sequence table, cyclic shift ([image: ]), and set type (unrestricted, restricted set A, or restricted set B)).
From the physical layer perspective, the Type-1 L1 random access procedure includes the transmission of random access preamble (Msg1) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.
From the physical layer perspective, the Type-2 L1 random access procedure includes the transmission of random access preamble in a PRACH and of a PUSCH (MsgA) and the reception of a RAR message with a PDCCH/PDSCH (MsgB), and when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.
If a random access procedure is initiated by a PDCCH order to the UE, a PRACH transmission is with a same SCS as a PRACH transmission initiated by higher layers.
If a UE is configured with two UL carriers for a serving cell and the UE detects a PDCCH order, the UE uses the UL/SUL indicator field value from the detected PDCCH order to determine the UL carrier for the corresponding PRACH transmission.

When a UE is not provided with C-RNTI and a UE is provided with [SFI-RNTI], payload size and period length by higher-layer parameter semiStaticChannelAccessConfig, the UE may transmit PRACH in the PRACH occasion in a period only if detects DCI scrambled with [SFI-RNTI] in Type1-PDCCH CSS in the period.
<omitted text >



COT structure indication 
Frequency domain indication (Issue 4)
	[bookmark: _Hlk20398688]NR_unlic-Core
	DL signals and channels
	availableLBT-BandwidthsPerCell-r16
availableRB-SetPerCell-r16
	New
	Add in SlotFormatIndicator.
Provides position in DCI of the bit(s) indicating the availability of RB sets (corresponding to LBT bandwidths) of a serving cell with index servingCellId. A list of availableLBT-BandwidthsPerCell-r16 availableRB-SetsPerCell-r16 objects is configured for one or more serving cells. FFS how the RB ranges for each LBT bandwidth is signaled/derived
	FFS with a possible set of parameters as {positionInDCI, servingCellId }



We should confirm the above FFS and send LS to RAN2
Proposal-6: gNB configures positionInDCI, servingCellId. The bitmap size corresponds to number of RB-sets on a carrier. 
Furthermore, it has been unclear how the gNB indicates that it has no knowledge of LBT BW yet. Several companies proposed to indicate ‘’all zeros” when gNB LBT BW is not known. However, in this case gNB could inform UE (by cross-carrier scheduling) that it does not transmit on LAA cell at the moment, and would indicate the validity by indicating COT end larger than 0 symbols.  Therefore, gNB could use combination of “all zeros” and COT-length of 0 symbols to indicate that gNB does not know the availability of sub-bands at the moment, and UE shall monitor still on all sub-bands of WB BWP. 
Proposal-7: If UE receives indication of CO-DurationPerCell-r16 of zero symbols and availableRB-SetPerCell-r16 indicates bitmap of all zeros, the UE shall assume all RB sets in BWP are available for reception until UE receives next DCI format 2_0.
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11.1.1	UE procedure for determining slot format
For each serving cell in the set of serving cells, the UE can be provided: 
-	an identity of the serving cell by servingCellId
-	a location of a SFI-index field in DCI format 2_0 by positionInDCI
-	a set of slot format combinations by slotFormatCombinations, where each slot format combination in the set of slot format combinations includes 
-	one or more slot formats indicated by a respective slotFormats for the slot format combination, and 
-	a mapping for the slot format combination provided by slotFormats to a corresponding SFI-index field value in DCI format 2_0 provided by slotFormatCombinationId
-	for unpaired spectrum operation, a reference SCS configuration [image: ] by subcarrierSpacing and, when a supplementary UL carrier is configured for the serving cell, a reference SCS configuration [image: ] by subcarrierSpacing2 for the supplementary UL carrier
-	for paired spectrum operation, a reference SCS configuration [image: ] for a DL BWP by subcarrierSpacing and a reference SCS configuration [image: ] for an UL BWP by subcarrierSpacing2
-	a location of a bitmap in DCI format 2_0, having a one-to-one mapping with a set of RB sets [6, TS 38.214] of the serving cell, where a value of '0' indicates that an RB set is available for receptions and a value of '1' indicates that an RB set is not available for receptions, by availableRB-SetPerCell-r16, and the bitmap in DCI format 2_0. The RB set remains available or unavailable until the end of the indicated channel occupancy duration. If a UE receives indication of CO-DurationPerCell-r16 of zero symbols and availableRB-SetPerCell-r16 indicates bitmap of all zeros, the UE shall assume all RB sets in BWP are available for reception until UE receives next DCI format 2_0.
-	a location and a length of a channel occupancy duration field in DCI format 2_0, by CO-DurationPerCell-r16, that indicates a remaining channel occupancy duration for the serving cell starting from a slot where the UE detects the DCI format 2_0 by providing a value from CO-DurationList-r16. If CO-DurationPerCell-r16 is not provided, the remaining channel occupancy duration for the serving cell is a number of slots, starting from a slot where the UE detects the DCI format 2_0, that the SFI-index field value provides corresponding slot formats
-	a location of a search space set group switching field in DCI format 2_0, by SearchSpaceSwitchTrigger-r16, that indicates a group from two groups of search space sets for PDCCH monitoring for scheduling on the serving cell as described in Clause 10.4.




Presence of SFI in DCI format 2_0 (Issue 5)
One more aspect which deserves clarification is whether gNB may configure GC-PDCCH 2_0 without SFI. As for 38.213 it seems that it is possible
	For each serving cell in the set of serving cells, the UE can be provided: 
-	an identity of the serving cell by servingCellId
-	a location of an SFI-index field in DCI format 2_0 by positionInDCI
   -  …..


 
However, 38.212 tries to hint that SFI is mandatory present in R16, and therefore the following TP is required
Proposal-8: Adopt the following TP to clarify that SFI field is optionally present in DCI format 2_0
	TP for TS38.212
7.3.1.3.1	Format 2_0
DCI format 2_0 is used for notifying the slot format, COT duration, available RB set, and search space group switching. 
The following information is transmitted by means of the DCI format 2_0 with CRC scrambled by SFI-RNTI:
-	If the higher layer parameter SlotFormatCombinationsPerCell is configured
-  Slot format indicator 1, Slot format indicator 2, …, Slot format indicator N.
-    If the higher layer parameter availableRB-SetPerCell-r16 is configured, 
-	Available RB set Indicator 1, Available RB set Indicator 2, …, Available RB set Indicator N1, 
-   If the higher layer parameter CO-DurationPerCell-r16 is configured
-	 COT duration indicator 1, COT duration indicator 2, …, COT duration indicator N2.
-   If the higher layer parameter searchSpaceSwitching-r16 = “explicit”
-	Monitoring group flag 1, Monitoring group flag 2, …, Monitoring group flag [M].
The size of DCI format 2_0 is configurable by higher layers up to 128 bits, according to Subclause 11.1.1 of [5, TS 38.213]. 





SP/P-NZP-CSI-RS validity during channel access failure (Issue 6)
It remained unclear under which condition a UE measures periodic NZP CSI-RS. In RAN1#99 it was agreed that UE does not average NZP across DL bursts. However, it remained open whether UE should measure CSI-RS even if they are not transmitted by gNB. We think that a valid DL slot for reference resource is only slot that is part of DL transmission burst.  
Proposal-9: Adopt the following TP to specify condition under which DL slot is a valid slot for reference resource.
	[bookmark: _Toc11352131][bookmark: _Toc20318021][bookmark: _Toc27299919][bookmark: _Toc29673190][bookmark: _Toc29673331][bookmark: _Toc29674324]TP for TS38.214
5.2.2.5	CSI reference resource definition
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
-	In the time domain, the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single downlink slot n-nCSI_ref,



-	where  and and  are the subcarrier spacing configurations for DL and UL, respectively
-	where for periodic and semi-persistent CSI reporting
-	if a single CSI-RS/SSB resource is configured for channel measurement nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or

-	if multiple CSI-RS/SSB resources are configured for channel measurement nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot.

-	where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCSI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCSI_ref is the smallest value greater than or equal to , such that slot n- nCSI_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in Clause 5.4.
-	when periodic or semi-persistent CSI-RS/CSI-IM or SSB is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM/SSB whose last OFDM symbol is received up to Z' symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.
A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it comprises at least one higher layer configured downlink or flexible symbol, and
-	it does not fall within a configured measurement gap for that UE 
[bookmark: _GoBack]-  for operation with shared spectrum channel access it falls within DL transmissions burst (defined in [X, TS 37.213])
If there is no valid downlink slot for the CSI reference resource corresponding to a CSI Report Setting in a serving cell, CSI reporting is omitted for the serving cell in uplink slot n'.



  
Support of new ‘URLLC’ DCI formats 0_2 & 1_2 for NR-U (Issue 7)
As part of the NR Rel-16 URLLC enhancements, two new non-fall-back DCI formats having (more) configurable DCI field sizes have been introduced, namely DCI format 0_2 scheduling PUSCH and DCI format 1_2 scheduling PDSCH. This DCI formats can be configured to have smaller size than the respective non-fallback DCI formats 0_1 & 1_1, but do not provide any additional support that these DCI formats can provide from URLLC enhancements perspective. 
First of all, we think that the new DCI formats in general should be also supported for operation on shared spectrum cells in Rel-16. Moreover, as this is still Rel-16, we think that no new RRC parameters should be introduced for the related support. 
Proposal-10: Support PDSCH & PUSCH scheduling using DCI formats 0_2 and 1_2 for NR-U in Rel-16. No new related RRC parameters to be supported in Rel-16. 
Secondly, looking at the additional features introduced having impact on the scheduling DCIs, they can be categorized into features that need to be supported, features that would be good to support with these formats and features where the support is less essential and looking at the DCI sizes for URLLC operation, should not be supported. 
Rel-16 NR-U features that are clearly required for NR-U operation and therefore need to be included in the new DCI formats 0_2 and 1_2 include: 
· LBT indication in DCI formats 0_2 & 1_2 (i.e. ChannelAccess-CPext-CAPC)
· Related DCI fields from 0_1 and 1_1 need to be introduced in DCI formats 0_2 and 1_2
· Type 2 resource allocation for PUSCH for DCI format 0_2
· Related description to be included for DCI format 0_2
Rel-16 NR-U features that we think would make sense to support in the new DCI formats 0_2 and 1_2 include:
· DFI flag operation (1bit overhead): For CG operation, triggering the HARQ-Ack information of CG-PUSCH is seen as essential especially as for URLLC CG operation is needed to achieve low latency and the HARQ-Ack is useful for the related reliability. As long as the size of the other DCI fields is larger than 18 bits (16 bits for HARQ-Ack + 2 bit for PUSCH TPC) there seems to be no issue to not support it. As the DCI size of DCI format 0_2 is configurable, the gNB will just make sure to have a sufficiently large DCI size which should not be an issue with a DCI size of ~20bits overall. 
· Enhanced dynamic codebook: Introduced in NR-U for purpose of HARQ-ACK feedback retransmission.  We think such feature is essential for NR-U, and if configured the behavior must be defined for all unicast DCI formats. On the other hand, to minimize specification effort, DCI formats 0_2 and 1_2 could be treated the same way as 0_0 and 1_0. In other words, the enhanced CB requires 0_1 and 1_1 DCI format to be configured.
· One-Short HARQ-Ack request: Introduced in NR-U for purpose of HARQ-ACK feedback retransmission as mechanism with lower complexity, but potentially higher UCI overhead.  Support for this feature, requires only 1bit trigger to be added to DCI format 1_2 if TYPE3 CB is configured with existing parameter.
Rel-16 NR-U features that we think makes no sense to be supported with the new DCI formats 0_2 and 1_2 include:
· Multi-PUSCH scheduling: The motivation for multi-PUSCH scheduling has been mainly bulk eMBB traffic but not latency nor reliability critical traffic as such. Therefore, multi-PUSCH scheduling in this respect would be even counter-productive since multi-PUSCH DCI format would be typically with higher payload than single-PUSCH DCI format. In more detail, the DCI overhead especially of the NDI (2…8bits) and RV signaling (2…8bits) will increase the DCI size of DCI format 0_2 dramatically, which defeats the purpose of using DCI format 0_2 as then DCI format 0_1 could be used!
· Therefore, no changes to TDRA, RV, NDI and UL-SCH field descriptions are seen as needed!
· NFI-TotalDAI-Included-r16: If DCI format 1_2 is treated as DCI format 1_0 (see discussions on dynamic enhanced codebook above), the NFI field does not need to be added to DCI format 1_2.

[bookmark: _Toc415085486][bookmark: _Toc503902285]Proposal-11: Adopt the following text proposals for the support of DCI formats 0_2 and 1_2 for NR-U to TS 38.212 & 38.213 with the absolutely required changes marked in red and the suggested additional feature support marked in magenta:
	TP for TS38.212 
[bookmark: _Toc19798772][bookmark: _Toc26467243][bookmark: _Toc29326604][bookmark: _Toc29327754]7.3.1	DCI formats
The DCI formats defined in table 7.3.1-1 are supported.
Table 7.3.1-1: DCI formats
	DCI format
	Usage

	0_0
	Scheduling of PUSCH in one cell

	0_1
	Scheduling of one or multiple PUSCH in one cell, or indicating downlink feedback information for configured grant PUSCH (CG-DFI)

	0_2
	Scheduling of PUSCH in one cell, or indicating downlink feedback information for configured grant PUSCH (CG-DFI)

	1_0
	Scheduling of PDSCH in one cell

	1_1
	Scheduling of PDSCH in one cell, and/or triggering one shot HARQ-ACK codebook feedback

	1_2
	Scheduling of PDSCH in one cell, and/or triggering one shot HARQ-ACK codebook feedback

	2_0
	Notifying a group of UEs of the slot format, available RB sets, COT duration and search space set group switching

	2_1
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE

	2_2
	Transmission of TPC commands for PUCCH and PUSCH

	2_3
	Transmission of a group of TPC commands for SRS transmissions by one or more UEs

	2_4
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL transmission from the UE

	2_5
	Notifying the availability of soft resources as defined in Clause [x.x] of [10, TS 38.473]

	2_6
	Notifying the power saving information outside DRX Active Time for one or more UEs

	3_0
	Scheduling of NR sidelink in one cell

	3_1
	Scheduling of LTE sidelink in one cell




[bookmark: _Toc29326609][bookmark: _Toc29327759]TP for TS 38.212
7.3.1.1.3	Format 0_2
DCI format 0_2 is used for the scheduling of PUSCH in one cell, or indicating CG downlink feedback information (CG-DFI) to a UE. 
The following information is transmitted by means of the DCI format 0_2 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
-	Identifier for DCI formats – 1 bit
-	The value of this bit field is always set to 0, indicating an UL DCI format
-	Carrier indicator – 0, 1, 2 or 3 bits determined by higher layer parameter CarrierIndicatorSize-ForDCIFormat0_2, as defined in Clause 10.1 of [5, TS38.213].
-	DFI flag – 0 or 1 bit
-	1 bit if the UE is configured to monitor DCI format 0_2 with CRC scrambled by CS-RNTI and for operation in a cell with shared spectrum channel access. For a DCI format 0_2 with CRC scrambled by CS-RNTI, the bit value of 0 indicates activating type 2 CG transmission and the bit value of 1 indicates CG-DFI. For a DCI format 0_2 with CRC scrambled by C-RNTI/SP-CSI-RNTI/MCS-C-RNTI, the bit is reserved.
-	0 bit otherwise; 
If DCI format 0_2 is used for indicating CG-DFI, all the remaining fields are set as follows:  
-	HARQ-ACK bitmap – [16] bits, where the order of the bitmap to HARQ process index mapping is such that HARQ process indices are mapped in ascending order from MSB to LSB of the bitmap. For each bit of the bitmap, value 1 indicates ACK, and value 0 indicates NACK. 
-	TPC command for scheduled PUSCH – 2 bits as defined in Clause 7.1.1 of [5, TS38.213]
-	All the remaining bits in format 0_1 are set to zero.
If DCI format 0_2 is used for the scheduling PUSCH in one cell or activating or releasing type 2 CG transmission, all the remaining fields are set as follows:
-	UL/SUL indicator – 0 bit for UEs not configured with supplementaryUplink in ServingCellConfig in the cell or UEs configured with supplementaryUplink in ServingCellConfig in the cell but only one carrier in the cell is configured for PUSCH transmission; otherwise, 1 bit as defined in Table 7.3.1.1.1-1.
<text is omitted>
-	Frequency domain resource assignment – number of bits determined by the following:
-	If higher layer parameter useInterlacePUSCH-Dedicated-r16 is not configured
-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 6.1.2.2.1 of [6, TS 38.214]
-	[] bits if only resource allocation type 1 is configured, or [] bits if both resource allocation type 0 and 1 are configured, where  is defined in clause 7.3.1.0 and  is given by higher layer parameter ResourceAllocationType1-granularity-ForDCIFormat0_2. If the higher layer parameter ResourceAllocationType1-granularity-ForDCIFormat0_2 is not configured,  is equal to 1.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 
-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Clause 6.1.2.2.1 of [6, TS 38.214].
-	For resource allocation type 1, the [  ] LSBs provide the resource allocation as follows:
-	For PUSCH hopping with resource allocation type 1:
-	MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214], where  if the higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 contains two offset values and if the higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 contains four offset values
-	[] bits provides the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
-	For non-PUSCH hopping with resource allocation type 1:
-	[] bits provides the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
-	If the higher layer parameter useInterlacePUSCH-Dedicated-r16 is configured 
-	5 + Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz
-	6 + Y bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz
The value of Y is determined by  where  is the number of RB sets contained in the UL BWP as defined in clause 7 of [38.213].
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if both resource allocation type 0 and 1 are configured for the indicated bandwidth part, the UE assumes resource allocation type 0 for the indicated bandwidth part if the bitwidth of the "Frequency domain resource assignment" field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource assignment" field of the indicated bandwidth part.
<text is omitted>
[bookmark: OLE_LINK70]-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if the higher layer parameter frequencyHopping-ForDCIFormat0_2 is not configured, or if only resource allocation type 2 is configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, as defined in Clause 6.3 of [6, TS 38.214].
<text is omitted>
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is not configured or when provided with pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16 ;
-	1, 2 or 4 bits otherwise,
-	1st downlink assignment index – 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise.
<text is omitted>
-	UL-SCH indicator – 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. [Except for DCI format 0_2 with CRC scrambled by SP-CSI-RNTI,] a UE is not expected to receive a DCI format 0_2 with UL-SCH indicator of "0" and CSI request of all zero(s).
-	ChannelAccess-CPext-CAPC – 0, 1, 2, 3, 4, 5 or 6 bits. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter ULDCI-trigerred-UL-ChannelAccess-CPext-CAPC-List-r16 for operation in a cell with shared spectrum channel access and ChannelAccessMode-r16 = "dynamic"; otherwise 0 bit. One or more entries from Table 7.3.1.1.2-35 are configured by the higher layer parameter ULDCI-trigerred-UL-ChannelAccess-CPext-CAPC-List-r16.
-	Open-loop power control parameter set indication – 0 or 1 or 2 bits. 
-	0 bit if the higher layer parameter P0-PUSCH-Set-List is not configured;
-	1 or 2 bits otherwise,
-	1 bit if SRS resource indicator is present in the DCI format 0_2;
-	1 or 2 bits as determined by higher layer parameter OLPCParameterSet-ForDCIFormat0_2 if SRS resource indicator is not present in the DCI format 0_2;
<text is omitted>
TP to TS38.212 
[bookmark: _Toc29326613][bookmark: _Toc29327763]7.3.1.2.3	Format 1_2
<text is omitted>
	Downlink assignment index – 0, 1, 2 or 4 bits
[bookmark: OLE_LINK43]-	0 bit if the higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 is not configured or when provided with pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16;
-	1, 2 or 4 bits determined by higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 otherwise,
-	4 bits if more than one serving cell are configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI
-	1 or 2 bits if only one serving cell is configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 1 bit or 2 bits are the counter DAI.
When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
-	One-shot HARQ-ACK request – 0 or 1 bit.
-	1 bit if higher layer parameter pdsch-HARQ-ACK-OneShotFeedback-r16 is configured;
-	0 bit otherwise.
-	Antenna port(s) – 0, 4, 5, or 6 bits 
<text is omitted>
-	Priority indicator – 0 bit if higher layer parameter PriorityIndicator-ForDCIFormat1_2 is not configured; otherwise 1 bit as defined in Clause 9 in [5, TS 38.213]. 
-	ChannelAccess-CPext – 0, 1, 2, 3 or 4 bits. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter DLDCI-trigerred-UL-ChannelAccess-CPext-List-r16 for operation in a cell with shared spectrum channel access and ChannelAccessMode-r16 = "dynamic"; otherwise 0 bit. One or more entries from Table 7.3.1.2.2-6 are configured by the higher layer parameter DLDCI-trigerred-UL-ChannelAccess-CPext-CAPC-List-r16.
If DCI formats 1_2 are monitored in multiple search spaces associated with multiple CORESETs in a BWP for scheduling the same serving cell, zeros shall be appended until the payload size of the DCI formats 1_2 monitored in the multiple search spaces equal to the maximum payload size of the DCI format 1_2 monitored in the multiple search spaces.

TP to TS38.213
[bookmark: _Toc29894860][bookmark: _Toc29899159][bookmark: _Toc29899577][bookmark: _Toc29917316]10.5	HARQ-ACK information for PUSCH transmissions
A UE can be configured a number of search space sets to monitor PDCCH for detecting a DCI format 0_1 or 0_2 with CRC scrambled with a CS-RNTI provided by cs-RNTI. The UE determines that the DCI format provides HARQ-ACK information for PUSCH transmissions based on an XYZ field value, as described in [5, TS 38.212], if a PUSCH transmission is configured by ConfiguredGrantConfig or is an activated PUSCH transmission configured by semiPersistentOnPUSCH.
The HARQ-ACK information corresponds to transport blocks in PUSCH transmissions for a number of HARQ processes provided by nrofHARQ-Processes for a serving cell of a PDCCH reception that provides DCI format 1_0 0_1 or 0_2 or, if DCI format 1_0 0_1 or 0_2 includes a carrier indicator field, for a serving cell indicated by a value of the carrier indicator field. 
<text is omitted>



Conclusion 
In this contribution, we have discussed potential solutions and techniques for NR unlicensed related to DL physical channels and signals. Based on the discussion, we make the following observations and proposals:
Issue 1: 
Proposal-1: When UE is not provided with cell groups for purpose of search-space group switching, search space switching mechanisms (including timer) apply independently per cell. When UE is provided with cell groups, search space switching mechanisms (including timer) applies independently to each group of cells.
Proposal-2: Unless SS-group switching times are significantly reduced compared to BWP switching times, P1 and P2 should be a single value in number of symbols. 
Proposal-3: From CSS TYPEs, at least TYPE 3 CSS may be grouped to a search-space group. 
Proposal-4: Adopt the following TP to correctly capture the agreement on search-space groups switching from RAN1#99

Issue 2: 
Proposal-4: When UE is configured with semiStaticChannelAccessConfig-r16, UE does not monitor SS-set(s) in GROUP2 in a FFP, unless detects a DCI in a SS-set of GROUP1. 
· Adopt the following TP
Issue 3: 
Observation-1: When UE is configured with semiStaticChannelAccessConfig-r16, a gNB should have means to ensure an Idle UE is monitoring within FFP containing at least one RO. 
Proposal-5: When a UE is not provided with C-RNTI and is configured with semiStaticChannelAccessConfig-r16 
· the UE may be configured in SIB1 with at least RNTI and DCI payload size for PDCCH monitoring. 
· the UE is allowed to transmit PRACH if detects PDCCH scrambled with the RNTI in [TYPE1] CSS in FFP period.
· adopt the following TP

Issue 4: 
Proposal-6: gNB configures positionInDCI, servingCellId. The bitmap size corresponds to number of RB-sets on a carrier. 
Proposal-7: If UE receives indication of CO-DurationPerCell-r16 of zero symbols and availableRB-SetPerCell-r16 indicates bitmap of all zeros, the UE shall assume all RB sets in BWP are available for reception until UE receives next DCI format 2_0.
Issue 5:
Proposal-8: Adopt the following TP to clarify that SFI field is optionally present in DCI format 2_0
Issue 6: 
Proposal-9: Adopt the following TP to specify condition under which DL slot is a valid slot for reference resource.
Issue 7: 
Proposal-10: Support PDSCH & PUSCH scheduling using DCI formats 0_2 and 1_2 for NR-U in Rel-16. No new related RRC parameters to be supported in Rel-16. 
Proposal-11: Adopt the following text proposals for the support of DCI formats 0_2 and 1_2 for NR-U to TS 38.212 & 38.213 with the absolutely required changes marked in red and the suggested additional feature support marked in magenta.
References 
[1] [bookmark: _Ref534191929][bookmark: _Ref521401214]RP-182878, “New WID on NR-based Access to Unlicensed Spectrum”, Qualcomm
[2] [bookmark: _Ref534191941]TR 38.889, “Study on NR-based access to unlicensed spectrum (Release 16)”, 3GPP v16
[3] [bookmark: _Ref15459134]RP-191581, “Guidance on essential functionality for NR-U”, Qualcomm


image1.emf
FFP

Slot grid

SS set #1

SS set #2

SS set #3

UE detects  predefined signal or channelin FFP


image2.wmf
CS

N


image3.wmf
SFI

m


image4.wmf
SUL

SFI,

m


image5.wmf
DL

 

SFI,

m


image6.wmf
 UL

SFI,

m


image7.wmf
2

'

2

DL

UL

nn

m

m

êú

=×

êú

ëû


oleObject1.bin

image8.wmf
DL

m


oleObject2.bin

image9.wmf
UL

m


oleObject3.bin

image10.wmf
52

DL

m

×


oleObject4.bin

image11.wmf
ë

û

slot

symb

N

Z

/

'


oleObject5.bin

