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1. Introduction
This paper summarizes the text proposals for CRs for NR-U DL signals and channels agenda item.
Search space set switching
For search space set switching, it was agreed in RAN1 #100e that the P1 and P2 values should be the same. The common value is P. However, the value itself is not yet decided. Consider this P value is a common value for all cases, included ones with the heaviest PDCCH computation load under maximum carrier aggregation, a conservative value to handle the worst case is needed. Our calculation shows P=25 symbols for 15KHz/30KHz/60KHz is possible. 
[bookmark: p1]Proposal : For search space group switching, the P value is defined to be 25 symbols for both  and 2.
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. 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.

CSI-RS for RLM can be supported in NR-U. However, due to LBT subband based access in the DL, the number of RB sets used for each COT can be different, and in general, the CSI-RS transmit power can vary. For RLM purpose, the UE can only assume a fixed power for CSI-RS if detected. Therefore, even though CSI-RS for CSI acquisition purpose may support variable power for different COT, the CSI-RS for RLM should be transmitted with fixed power.
[bookmark: p4]Proposal : UE expects CSI-RS for RLM to have fixed transmit power over all COTs.
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
-	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------------------------------
=================================================
COT duration for semi-static channel access
During the COT duration configuration discussion, the focus is for dynamic channel access system. However, for semi-static channel access (FBE), how to handle COT duration needs some additional discussion. 
For initial access UE, there is no COT duration configuration yet. Therefore, effectively the UE will treat the entire fixed frame period (other than the idle region) as in COT if a DL signal/channel is detected in the earlier part of the fixed frame period. For connected mode UE, after the COT duration can be configured, we need clarifications on
· Do we need the COT duration configuration at all?
· If we allow COT duration configuration, what are the restriction on the length of COT duration
Given we already have a clear definition for COT duration for semi-static channel access, as is already used by initial access UEs, we don’t believe there is a need to mandate the COT duration configuration for semi-static channel access. Additionally, by regulation, the initiating device cannot acquire the COT in the next fixed frame period, it does not make sense if an indicated COT duration is beyond the current fixed frame period or extend into the idle period. We have the following proposals
[bookmark: p56]Proposal . When COT duration is not explicitly configured for a semi-static channel access system, the UE assumes the COT ends at the beginning of the idle period in the same fixed frame period.
Proposal . If COT duration is explicitly configured, UE does not expect the COT duration to indicate the COT ends later than the beginning of the idle period in the same fixed frame period that the COT duration information is detected.
On the other hand, it is not clear why the gNB wants to indicate a COT duration ends earlier than the current fixed frame period, we can go one step further to say for semi-static channel access, the COT duration is not configured and the UE always interpret the COT duration from the fixed frame period structure.
[bookmark: p7]Proposal . COT duration is not explicitly configured for a semi-static channel access system. The UE assumes the COT ends at the beginning of the idle period in the same fixed frame period.
==============TP for Proposal 7 and proposal 8=======38.213 11.1.1=================
---------unchanged text omitted------------------
· a location 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. The channel occupancy duration field includes  bits, where  is the number of values provided by 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
· If a gNB provides UE(s) with higher layer parameters ChannelAccessMode-r16 ='semistatic', and CO-DurationPerCell-r16 is not configured, the UE assumes the COT duration end at  before the start of the next periodic channel occupancy starting position [4.3 of 37.213]. 
· If a gNB provides UE(s) with higher layer parameters ChannelAccessMode-r16 ='semistatic', and CO-DurationPerCell-r16 is configured, the UE does not expect the COT duration to end later than  before the start of the next periodic channel occupancy starting position [4.3 of 37.213].
---------unchanged text omitted------------------
=================== ===========================================
==============TP for Proposal 9=======38.213 11.1.1=================
---------unchanged text omitted------------------
· a location 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. The channel occupancy duration field includes  bits, where  is the number of values provided by 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. If a gNB provides UE(s) with higher layer parameters ChannelAccessMode-r16 ='semistatic', the UE does not expect CO-DurationPerCell-r16 to be configured, and the COT duration is  before the start of the next periodic channel occupancy starting position [4.3 of 37.213].
---------unchanged text 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 P value is defined to be 25 symbols for both  and 2.
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: UE expects CSI-RS for RLM to have fixed transmit power over all COTs.
Proposal 5: 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.
Proposal 6. When COT duration is not explicitly configured for a semi-static channel access system, the UE assumes the COT ends at the beginning of the idle period in the same fixed frame period.
Proposal 7. If COT duration is explicitly configured, UE does not expect the COT duration to indicate the COT ends later than the beginning of the idle period in the same fixed frame period that the COT duration information is detected.
Proposal 8. COT duration is not explicitly configured for a semi-static channel access system. The UE assumes the COT ends at the beginning of the idle period in the same fixed frame period.
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