3GPP TSG RAN WG1 #98b                              	                        R1- 1910026
Chongqing, China, 14th Oct – 20th Oct, 2019

Agenda Item:	7.2.2.1.2
Source:	Spreadtrum Communications
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK28]Title:	Discussion on DL signals and channels for NR-U
Document for:	Discussion and decision

[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN1#97 meeting, the following had been agreed [1]:
	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




In RAN#84 meeting, the prioritization of NR-U had been agreed [2]:
	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
· A-TRS directly QCL with SSB



[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views on the essential parts of DL signals and channels.

[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]Discussion
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]COT structure indication
In RAN1 #94bis, it was agreed that 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. Slot format contains DL, UL and flexible symbols. In DL symbols, UE can receive DL channel and signals in DL symbols. Otherwise, if there are UL symbols, it means COT sharing for UE when gNB access the channel. 
Current DCI format 2_0 in Rel-15 NR can indicate the detailed format for each slot inside a number of slots, where the number of slots is configured by RRC. However the length of the COT can be dynamically determined based on the channel access priority, buffer status, COT sharing with other devices, etc. Therefore, there might be some modifications on the interpretation of the DCI format 2_0. 
DCI format 2_0 can indicates a slot format for each slot in a number of slots for each BWP from a slot where the UE detects the DCI format 2_0. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_0. 
So there are three cases for the relation of DCI format 2_0 periodicity and length of COT:
· Case 1: Periodicity of DCI format 2_0 is shorter than COT length. Several PDCCHs with DCI format 2_0 can be used to indicate the structure of COT, and there is a chance that the length of indicated slot formats is longer than COT’s length.
· Case 2: Periodicity of DCI format 2_0 is equal to COT length
· Case 3: Periodicity of DCI format 2_0 is longer than COT length. It is necessary to indicate “out of COT” in this case. 
In our opinion, “flexible” symbol in a slot format can be reinterpreted into “out of COT” when it is at the end of the slot format which means there are no DL or UL symbols after flexible symbol for the whole periodicity of DCI format 2_0. But according to flexible symbols between DL and UL, or only at the end of one slot which at the middle in the periodicity of DCI format 2_0, it is still with the original meaning.
As shown in the following Figure 2, there are 3 detailed slot formats in DCI format 2_0. For the third slot, there are some flexible symbols and there isn’t any UL or DL symbol behind. In this case, the first of flexible symbols in the third slot can be interpreted as “out of COT”.

Fig.2 An example of COT structure and its DCI format 2_0 indication
Proposal 1: Rel-15 Slot Format Indication including DL/Flexible/UL only can be used to indicate COT structure in time domain.
Proposal 2: Flexible symbol can be used to indicate out of COT, when there are no DL or UL symbols after flexible symbol for the whole periodicity of DCI format 2_0

Dynamic PDCCH monitoring
Dynamic PDCCH monitoring has been discussed in the previous meeting, but no agreement has been achieved. The different PDCCH monitoring phases listed below seem to better reduce the PDCCH blind detection effort.
	The following terminology was suggested by the feature leader prior to RAN1#96bis:
· Phase A: Outside of gNB’s COT
· Phase B: Beginning of gNB’s COT
· Phase C: Remainder of gNB’s COT



In RAN1#98 an elaboration is made by several company as follows: 
· Support a mechanism for the UE to change its PDCCH (incl. GC-PDCCH) monitoring behavior based on one or more of the following, to be further discussed:
· Indication, such as by a DCI content or DCI CRC pass, for example 
· Indication of flexible symbol in GC-PDCCH to drop monitoring
· Relation to the detection of a DL burst, for example
· [A->B] before and after the start of the DL burst 
· [B->C] before and after the end of the first full slot of a detected burst
· [C->B] before and after the end of the DL burst
· [B->A] before and after the end of the last slot of a detected burst
· Timer after DCI detection
· Configuration
· Note spec change may not be needed
· Note: monitoring behavior may include CORESET and search space set parameter(s)
[bookmark: OLE_LINK7][bookmark: OLE_LINK9]In Phase A, when outside of gNB’s COT, UE may perform detection of the wideband DMRS on the symbols according to the CORESET configuration. In order to start downlink transmission as soon as possible once the gNB obtains the channel, UE is required to monitor PDCCH more frequently at the beginning of the COT (e.g. Phase B). On the contrast, the PDCCH monitoring period should be increased (e.g. Phase C) for the remaining of the COT to save power of the UE. Therefore, different PDCCH monitoring period should be configured during Phase B and Phase C.
Proposal 3: Different PDCCH monitoring period should be configured during Phase A, Phase B and Phase C.
In order to handle dynamic PDCCH monitoring switching, two mechanisms have been proposed in previous meeting.
Option 1：Reuse Rel-15 behavior
If the gNB indicate all symbols to be flexible using these configurations of tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or does not provide tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated to the UE. As per Rel-15 behavior, (see below), the UE will then stop monitoring the PDCCH in these symbols if the GC-PDCCH indicates that one or more of these symbols are flexible[3].
“ For a set of symbols of a slot indicated to a UE as flexible by TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	if one or more symbols from the set of symbols are symbols in a CORESET configured to the UE for PDCCH monitoring, the UE receives PDCCH in the CORESET only if an SFI-index field value in DCI format 2_0 indicates that the one or more symbols are downlink symbols.”
However, the behaviour of cancellation frequent PDCCH monitoring through indicating the symbols as flexible will introduce the impact of high layer configured PDSCH or CSI-RS reception (see below). 
“-	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink.”
Option 2: dynamic switch between two search spaces
In previous meetings, it has been proposed that UE could implicitly or explicitly switch the PDCCH monitoring when the GC-PDCCH is detected. In order to support dynamic switching of PDCCH monitoring period, some enhancements should be considered. One mechanism is to introduce a new type of search space set that can be activated/deactivated [4]. Different search space sets with different PDCCH monitoring occasions can be configured for different Phases. The search space set associated with Phase B can be activated when the GC-PDCCH id detected at the beginning of the DL burst. This search space set can be deactivated at the end of Phase B (e.g., the end of the first full slot of a detected burst). After deactivating the search space set associated with Phase B, the search space set associated with Phase C can be activated. This search space set can be deactivated after the end of the DL burst. The GC-PDCCH will indicate the COT structure to the UE at the beginning of the DL burst set, so the search space set can be activated/deactivated only by detecting the GC-PDCCH.
Comparing these two options, option 1 has less impact on the specification, but limits high layer configured PDSCH or CSI-RS reception. Option 2 will introduce new specification impact.
Proposal 4: Down selection should be made between these two options:
· Option 1: Reuse Rel-15 behaviour: 
· Cancellation frequent PDCCH monitoring through indicating the symbols as flexible by GC-PDCCH
· Option 2: UE could implicitly or explicitly switch the PDCCH monitoring when the GC-PDCCH is detected. 

UE COT detection for FBE
According to the regulatory requirements [ETSI BRAN, Sec. 4.2.7.3.1.4 and Sec. 4.2.7.3.1.5][5], an initiating device is allowed to grant an authorization to one or more associated responding devices to transmit on the current operating channel within the current FFP. A responding device that received a transmission grant from an associated initiating device may proceed with transmissions on the current operating channel:
· Sec. 4.2.7.3.1.4: “(3) An Initiating Device is allowed to grant an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Channel Occupancy Time. A Responding Device that receives such a grant shall follow the procedure described in clause 4.2.7.3.1.5.”
· Sec. 4.2.7.3.1.5: “A Responding Device that received a transmission grant from an associated Initiating Device may proceed with transmissions on the current Operating Channel:
a. The Responding Device may proceed with such transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 μs after the last transmission by the Initiating Device that issued the grant.
b. The Responding Device that does not proceed with such transmissions within 16 μs after the last transmission from the Initiating Device that issued the grant, shall perform a Clear Channel Assessment (CCA) on the Operating Channel during a single observation slot within a 25 μs period ending immediately before the granted transmission time. If energy was detected with a level above the ED Threshold Level (TL) defined in clause 4.2.7.3.1.4, point 6), the Responding Device shall proceed with step 3). Otherwise, the Responding Device shall proceed with step 2). ”
According to the regulatory requirements listed above, whether a UE can transmit in a particular Channel Occupancy Time (COT) depends on if the gNB acquired the channel of that fixed frame period (FFP). Therefore, for FBE, the COT can only be acquired and indicated to UE by the gNB. In some cases, UL transmissions need to be transmitted in the next FFP due to the scheduling delay. In order to meet the regulatory requirements, one option could be that gNB sends a COT indication through group common PDCCH at the beginning of the COT. UE can then adjust its transmission based on the COT indication detection. Alternatively, additional gNB signal (such as PDCCH) could be used as authorization for UE transmitting in the FFP. It should be noted that UE cannot transmit until it detects such signal (COT indication or other PDCCH). 
Proposal 5: The UE can transmit in the FFP only after detecting the COT indication or other DL signals transmitted in the same FFP. 

gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
It is agreed that a group common PDCCH is used to indicate the Channel occupancy time (COT) and frequency domain structure. In this way, when a UE detects a group common PDCCH, it obtains the current COT information. The UE can then determine whether the UL transmission occurs within the current COT. If the UL transmission occurs within the current COT, the LBT category that the UE performs before UL transmission could be indicated by gNB (e.g. Cat 2 or Cat 1). In this case, the gNB should ensure the gap between two transmissions should not be large than 25us. In case the UL transmission is outside the current COT, the LBT category 4 could be indicated to UE through DL control information. The UE should monitor the group common PDCCH while preparing the UL transmission. When it detects a gNB acquired COT before the UL transmission, the LBT category that the UE performs before UL transmission could switch to category 2. In this case, the gNB should ensure the gap between two transmissions should be equal to 25us. Therefore, in the case where UL transmission falls into gNB acquired COT, Cat 4 UL transmission (including CG) can be switched to cat 2 by detecting the PDCCH (group common PDCCH or UE specific PDCCH).
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 6: In the case where UL transmission falls into gNB acquired COT, Cat 4 UL transmission (including CG) can be switched to cat 2 by detecting the PDCCH.

CSI-RS
Periodic, semi-persistent and aperiodic CSI-RS transmission is supported in NR. 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. Two options[6][7] have been proposed, one option is the periodic/semi-persistent CSI-RS is transmitted even if configured transmission occasion falls outside COT which means the gNB shall also perform LBT prior to the pre-configured CSI-RS occasion in case there is no DL data to transmit.  However, the actual transmission of CSI-RS depends on the LBT outcome, which is uncertain. One enhancement is the gNB should send notification after CSI-RS transmission occasion(s) with regard to transmission state(s) of one or multiple periodic CSI-RS, and measurement results at UE side could be updated accordingly. However, this will introduce additional UE measurements and complexity.
The other option is the periodic and semi-persistent CSI-RS can be only transmitted when the configured transmission occasion falls in the DL portion of a COT. On the UE side, if the configured periodic and semi-persistent CSI-RS transmission occasion(s) fall within a detected COT, these CSI-RS types can still be detected in NR-U.
Proposal 7: The UE is not expected to receive P/SP CSI-RS transmitted without notification by GC-PDCCH. 

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the COT structure indication, Dynamic PDCCH monitoring, UE COT detection for FBE, LBT category change and periodic and semi-persistent CSI-RS transmission for NR-U operation. Based on the discussion in section 2, we provide the following proposals.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: Rel-15 Slot Format Indication including DL/Flexible/UL only can be used to indicate COT structure in time domain.
Proposal 2: Flexible symbol can be used to indicate out of COT, when there are no DL or UL symbols after flexible symbol for the whole periodicity of DCI format 2_0.
Proposal 3: Different PDCCH monitoring period should be configured during Phase A, Phase B and Phase C.
Proposal 4: Down selection should be made between these two options:
· Option 1: Reuse Rel-15 behaviour: 
· Cancellation frequent PDCCH monitoring through indicating the symbols as flexible by GC-PDCCH
· Option 2: UE could implicitly or explicitly switch the PDCCH monitoring when the GC-PDCCH is detected. 
Proposal 5: The UE can transmit in the FFP only after detecting the COT indication or other DL signals transmitted in the same FFP.
Proposal 6: In the case where UL transmission falls into gNB acquired COT, Cat 4 UL transmission (including CG) can be switched to cat 2 by detecting the PDCCH.
[bookmark: _GoBack]Proposal 7: The UE is not expected to receive P/SP CSI-RS transmitted without notification by GC-PDCCH.
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