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1. Introduction
This paper summarizes the text proposals for CRs for NR-U DL signals and channels agenda item.
PDSCH demodulation reference signal mapping to physical resources
The DM-RS symbol locations for PDSCH mapping type B are captured in 38.211, section 7.4.1.1.2 according to the agreements. The table 7.4.1.1.2-3 provides the DMRS symbol locations for single symbol DM-RS. Here, for =5 case, the DMRS symbol locations are given as (l0, 4), when additional DMRS is configured. This value in the table has a conflict with the text in section 7.4.1.1.2 that specifies to not expect DM-RS beyond the :th symbol. The following change is proposed to resolve this conflict.

============TP for 38.211 Section 7.4.1.1.2 ====================================
-------Unchanged part omitted----------------------------
For PDSCH mapping type B

-	if the PDSCH duration  OFDM symbols for normal cyclic prefix or  OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs, and
-	if the PDSCH duration  is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the second symbol,
-	if the PDSCH duration  is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix, 
-	the UE is not expected to receive the front-loaded DM-RS beyond the fourth symbol, and
-	if one additional single-symbol DM-RS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol, respectively, of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not transmitted.
-	if the PDSCH duration  is 12 or 13 symbols, the UE is not expected to receive a DM-RS symbol mapped to symbol 12 or later in the slot;
-	if the PDSCH duration  is 5 symbols, if one additional single-symbol DMRS is configured, the UE expects the additional DM-RS to be transmitted on the 5th symbol.
-	for all other values of the PDSCH duration , the UE is not expected to receive a DM-RS symbol beyond the :th symbol
-	if the PDSCH duration  is 2 or 4 OFDM symbols, only single-symbol DM-RS is supported.
[bookmark: _Hlk26363339]-	if the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList is configured, the PDSCH duration  symbols for normal cyclic prefix, the subcarrier spacing configuration , single-symbol DM-RS is configured, and at least one PDSCH DM-RS symbol in the PDSCH allocation collides with a symbol containing resource elements as indicated by the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList, then  shall be incremented by one in all slots.The time-domain index  and the supported antenna ports  are given by Table 7.4.1.1.2-5 where 
-	single-symbol DM-RS is used if the higher-layer parameter maxLength in the DMRS-DownlinkConfig IE is not configured
-	single-symbol or double-symbol DM-RS is determined by the associated DCI if the higher-layer parameter maxLength in the DMRS-DownlinkConfig IE is equal to 'len2'.
-------Unchanged part omitted----------------------------
=======================================================================
Search space set switching
The following agreement from the work item is captured in 38.213 section 11.5.2. Some aspects however are not accurately captured in the section.
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

The following is a list of a few mismatches between the text added to 38.213 section 11.5.2 and the agreements above.
· The next applicable slot boundary is defined in the agreements as the earliest start of a slot that is at least P1/P2 symbols later than the last symbol of the corresponding PDCCH. In other words, the counting of P1/P2 symbols starts at the end of the PDCCH. The text in 38.213 however is worded to mean that the counting starts at the end of the slot where the PDCCH is detected.
· Similarly, for switching from group 2 to group 1 is at the first slot boundary after P1/P2 symbols after the indicated remaining COT duration. In other words, the counting starts after the remaining COT duration ends. The text in 38.213 however is worded to mean that the counting starts after the last slot of the indicated remaining COT duration. Note that, it is agreed that the granularity of COT duration in DCI format 2_0 is in units of OFDM symbols where the symbol duration is according to a configured reference SCS.
Based on the above we propose the following changes in the text.

============TP for 38.213 Section 11.5.2 ====================================
-------Unchanged part omitted----------------------------
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 Subclause 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 PDCCH symbols containing DCI_2_0 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 PDCCH symbols containing the DCI_2_0 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 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 last symbol of the detected PDCCH 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
-------Unchanged part omitted----------------------------
==================================================================
The values for P1 and P2 are chosen so that a UE has time to process the PDCCH and switch the search space set monitoring. Considering a worst-case scenario, a mini-slot PDCCH can be detected near the end of a slot N (for example, at symbol 12) and the switching may be based on this PDCCH when the UE is not provided with SearchSpaceSwitchTrigger-r16. In this case, considering both the PDCCH processing time and lead time to configure the switch, the UE may be able to switch only at the start slot N+3. This worst-case scenario is also possible when the remaining channel occupancy duration ends at symbol 12 of a slot N. This can occur even for the case where the UE is provided SearchSpaceSwitchTrigger-r16. Configuring P1=P2=28 symbols is required to cover this worst-case scenario.
[bookmark: p1]Proposal : For search space group switching, the P1 and P2 are defined to be 28 symbols for both  and .
CSI-RS
The following agreement in RAN1 #99 is not captured in the standard.
Agreement:
If a UE is configured with a CSI-RS spanning over multiple LBT bandwidths,
· The UE assumes that the CSI-RS is not transmitted if the UE is monitoring DCI format 2_0 carrying an LBT BW indication and detects the DCI format 2_0 indicating any of corresponding LBT bandwidths is not available for DL reception.
We propose the following change in 38.214, section 5.1.6 to capture the above agreement.
============TP for 38.214 Section 5.1.6.1 ====================================
-------Unchanged part omitted----------------------------
[bookmark: _Toc11352098][bookmark: _Toc20317988][bookmark: _Toc27299886][bookmark: _Toc29673151][bookmark: _Toc29673292][bookmark: _Toc29674285]5.1.6.1 CSI-RS reception procedure
The CSI-RS defined in Clause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation and mobility.
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted. 
If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.
For operation with shared spectrum channel access, if the UE is configured with a CSI-RS spanning over multiple RB sets,
· if the UE is configured to monitor DCI format 2_0 with availableRB-SetPerCell-r16 configured, the UE is only expected to receive CSI-RS if the DCI format 2_0 indicates all the RB sets overlaps with the CSI-RS is available for DL reception.

-------Unchanged part omitted----------------------------
=======================================================================

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. Note that the same applies to CSI-RS for tracking (TRS) as well.
The periodic CSI-RS for tracking (TRS) consists of a TRS burst of 1 or 2 slots that occurs periodically. The CSI-RS symbols in one TRS burst is processed together. Thus, it makes sense that they are transmitted only when the all the CSI-RS symbols in one TRS burst falls in the DL portion of the same COT.
[bookmark: p24][bookmark: p2][bookmark: _Hlk32596772]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.
· Additionally, for a TRS, the UE is expected to process the TRS only if it can confirm through COT-SI or other PDCCHs that all CSI-RS symbols in one TRS burst are inside the same gNB 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.

Based on the above proposal, we can add the following text to 38.214, section 5.1.6.1 and 5.1.6.1.1

============TP for 38.214 Section 5.1.6.1 ====================================
-------Unchanged part omitted----------------------------
5.1.6.1 CSI-RS reception procedure
-------Unchanged part omitted----------------------------
For operation with shared spectrum channel access, the UE is not expected to receive CSI-RS if it is not able to confirm through DCI 2_0 or other PDCCHs that the CSI-RS symbol is inside a gNB channel occupancy duration.
-------Unchanged part omitted----------------------------
============TP for 38.214 Section 5.1.6.1.1 ====================================
5.1.6.1.1 CSI-RS for tracking
For operation with shared spectrum channel access, the UE is not expected to receive the NZP CSI-RS resources in a NZP CSI-RS resource set configured with trs-Info as true, if it is not able to confirm through DCI 2_0 or other PDCCHs that all the NZP CSI-RS resources in the NZP CSI-RS resource set is inside a same gNB channel occupancy duration.
-------Unchanged part omitted----------------------------
=======================================================================

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][bookmark: p3]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][bookmark: p4]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: p5]Proposal : UE always rate matches PDSCH around configured ZP-CSI-RS resources.
DCI 2_0 without available RB set bitmap configure
When a UE is configured with DCI 2_0 monitoring for a shared spectrum cell with multiple LBT bandwidth, if the availableRB-setPerCell-r16 is configured, UE can figure out which RB set is available, which may impact CSI-RS reception and RRC configured UL transmission validation. However, it is not yet defined if the DCI 2_0 monitoring is configured, but availableRB-setPerCell-r16 is not configured for a cell with multiple LBT bandwidth. There is no way for a UE to blindly detect which LBT bandwidth is available. Therefore, we propose for this case, the UE will consider all RB sets transmitted and included in COT.
[bookmark: p6]Proposal : For a cell with multiple LBT bandwidth but availableRB-setPerCell-r16 not configured, the UE will consider all RB sets in the COT when DCI 2_0 is detected.
===========TP for 38.213 11.1.1 ==================
[bookmark: _Toc12021490][bookmark: _Toc20311602][bookmark: _Toc26719427][bookmark: _Toc29894863][bookmark: _Toc29899162][bookmark: _Toc29899580][bookmark: _Toc29917319]11.1.1	UE procedure for determining slot format
This clause applies for a serving cell that is included in a set of serving cells configured to a UE by slotFormatCombToAddModList and slotFormatCombToReleaseList.
If a UE is configured by higher layers with parameter SlotFormatIndicator, the UE is provided a SFI-RNTI by sfi-RNTI and with a payload size of DCI format 2_0 by dci-PayloadSize. 
The UE is also provided in one or more serving cells with a configuration for a search space set [image: ] and a corresponding CORESET [image: ] for monitoring [image: ] PDCCH candidates for DCI format 2_0 with a CCE aggregation level of [image: ] CCEs as described in Clause 10.1. The [image: ] PDCCH candidates are the first [image: ] PDCCH candidates for CCE aggregation level [image: ] for search space set [image: ] in CORESET [image: ].
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
[bookmark: _GoBack]-	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 availableRB-SetPerCell-r16 is not provided, all RB sets in the active BWP are considered available for receptions.
-	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.
----Unchanged part omitted------------------------------
=================================================
Summary
In this section, we summarize the new proposals for DL signals and channels for NR-U in SUB-7GHZ BAND.
Proposal 1: For search space group switching, the P1 and P2 are defined to be 28 symbols for both  and .
Proposal 2: 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.
· Additionally, for a TRS, the UE is expected to process the TRS only if it can confirm through COT-SI or other PDCCHs that all CSI-RS symbols in one TRS burst are inside the same gNB 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 3: Aperiodic CSI-RS and its triggering DCI are transmitted in the same COT.
Proposal 4: 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 5: UE always rate matches PDSCH around configured ZP-CSI-RS resources.
Proposal 6: For a cell with multiple LBT bandwidth but availableRB-setPerCell-r16 not configured, the UE will consider all RB sets in the COT when DCI 2_0 is detected.
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