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Introduction
In this contribution we discuss enhancements on DL signals and channels from the viewpoint of flexibility and power saving in NR-U. The related agreements in RAN1#94bis and RAN1#95 meetings [1], [2] are as follow, 
Agreement:
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.

Agreement:
Adopt the following text for the TR:
Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.

Note: This is an updated/revised submission of [3].
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]
[bookmark: _Ref228947482]Discussion 
Dynamic PDCCH monitoring
Considering the PDCCH monitoring efforts, the following three phases were raised by feature lead prior to #96bis meeting:
· Phase A: Outside of gNB’s COT
· Phase B: Beginning of gNB’s COT
· Phase C: Remainder of gNB’s COT
[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK94]
[bookmark: OLE_LINK142][bookmark: OLE_LINK143]We will discuss the gNB and UE behaviour in these three phases separately in the following: 
Phase A
[bookmark: OLE_LINK45]In order to access to the channel as soon as possible, it was identified as beneficial in previous meeting that gNB prepares multiple mini-slots in the initial slot and attempts to access the channel before each mini-slot. Correspondingly, UE should monitor the burst detection signal or PDCCH in symbol-level during Phase A for detecting the gNB’s COT, as shown in Fig.1. 
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Phase B
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]From gNB’s perspective, the first slot in an acquired COT is the beginning of gNB’s COT, i.e. Phase B. But from UE’s perspective, the slot in which a PDCCH (UE-specific or group common) was successful decoded will be recognized as Phase B, even though this slot is not the first slot of a gNB’s COT, may be any of the slots in a gNB’s COT. Since UE knows that gNB will transmit mini-slots during Phase B, UE should continue monitoring PDCCH in symbol-level in this recognized Phase B slot. 
[bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK102]Phase C
[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK113][bookmark: OLE_LINK273][bookmark: OLE_LINK274]Even if UE detected a UE-specific PDCCH, UE still not know whether the next slot belongs to gNB’s COT, except for this UE-specific PDCCH scheduled multi-TTIs. Hence, UE should get the COT structure (e.g., COT length or DL duration) to recognize Phase C. When UE got the COT information, it can monitoring PDCCH in slot-level during Phase C for power saving. Because the main reason of introducing mini-slot scheduling in Rel.15 NR is for low latency. There is no such stringent service requirement in NR-U, and the scheduling flexibility already support scheduling a PUSCH with selective length and starting from any symbol in a slot. Therefore, gNB is no need to transmit PDCCH so frequently during Phase C, and it is also necessary for UE power saving to change the PDCCH monitoring granularity to slot-level. 


[bookmark: OLE_LINK103][bookmark: OLE_LINK104]Fig.1 Dynamic PDCCH monitoring

[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK119][bookmark: OLE_LINK120]For the condition of changing the PDCCH monitoring granularity, implicit determination or explicitly signalled, was marked in previous agreement for further study. As mentioned above if UE have no idea of the COT structure, UE cannot recognize Phase C. Hence, the condition of changing the PDCCH monitoring granularity should be the detection of a COT structure indication. 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK33][bookmark: OLE_LINK20][bookmark: OLE_LINK21]The symbol-level and slot-level PDCCH monitoring granularity can be configured in search space configuration. To minimize the specification effort, we found the time domain configuration parameters of search space in table 1 can be reused with some modified interpretation. For example, the parameter ‘monitoringSymbolsWithinSlot’ can be used to configure the symbol-level granularity which applied to Phase A and Phase B, and the combination of ‘monitoringSlotPeridicityAndOffset’, ‘duration’ and first three bits of ‘monitoringSymbolsWithinSlot’ can be used to configure the slot-level granularity which only applied to Phase C. 
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK216][bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK215][bookmark: OLE_LINK214][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK212][bookmark: OLE_LINK213][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK232]There may be two approaches for the configuration, first approach is symbol-level granularity and slot-level granularity of one DCI format are configured in two separate RRC search space information elements, second approach is these two granularities are configured in one RRC search space information element and share the parameter ‘monitoringSymbolsWithinSlot’. In order to guarantee UEs can detected a gNB’s COT even in the middle of the gNB’s COT, the resources of slot-level search space should be a subset of the resources of symbol-level search space. Hence, the second approach that these two granularities are configured in one RRC search space information element seems straight forward.

[bookmark: OLE_LINK24]Table 1 Time domain configuration parameters of search space in Rel.15 NR
	Parameter
	description

	monitoringSlotPeriodicityAndOffset
	Slots for PDCCH Monitoring configured as periodicity and offset.

	duration
	Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset.

	monitoringSymbolsWithinSlot
	The first symbol(s) for PDCCH monitoring in the slots configured for PDCCH monitoring (see monitoringSlotPeriodicityAndOffset and duration).



[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK144][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK267][bookmark: OLE_LINK118][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK129]Proposal 1: A UE should monitor the PDCCH in symbol-level granularity during Phase A and Phase B, and monitor the PDCCH in slot-level granularity during Phase C. 
· FFS: the search space configuration details on the symbol-level and the slot-level PDCCH monitoring granularity.

Proposal 2: Changing the PDCCH monitoring granularity should base on the detection COT structure indication.

COT structure indication
[bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK121][bookmark: OLE_LINK122]DCI format 2-0 (i.e. SFI) in Rel.15 NR was identified as beneficial for indicating the COT structure. In Rel.15 NR, the search space of SFI can only be configured in the first three symbols of a slot. This slot-level search space may lead to the COT information unable to be delivered in a gNB’s COT if the COT only configured with one DL slot, as shown in Fig.3. The UEs could not get the COT structure information in this situation. Therefore, it is necessary for SFI as the COT structure indicator to follow the same monitoring principle which discussed in section 2.3, i.e. applying different PDCCH monitoring granularity between Phase A,B and Phase C. 


[bookmark: OLE_LINK138][bookmark: OLE_LINK139]Fig. 2 SFI may not be transmitted in a gNB’s COT based on slot-level search space configuration

[bookmark: OLE_LINK285][bookmark: OLE_LINK286][bookmark: OLE_LINK145][bookmark: OLE_LINK136][bookmark: OLE_LINK137]Proposal 3: Support symbol-level search space configuration for the COT structure indication in NR-U.

[bookmark: OLE_LINK279][bookmark: OLE_LINK280][bookmark: OLE_LINK27][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK281][bookmark: OLE_LINK282][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK56][bookmark: OLE_LINK57]According to current SFI indication method, a later received SFI cannot overrides the previous received SFI if they indicate the overlapped slot(s), as Fig. 3. If this mechanism is reused in COT structure indication, after a UE successful decoded a COT structure indication, the UE already has the knowledge of the COT structure for current COT, it can suspend monitoring the COT structure indication during Phase C up to UE implementation. The symbol-level search space configuration for SFI may be enough, power saving can be determined by UE implementation. 

 
Fig. 3 SFI as a COT structure indication
[bookmark: OLE_LINK17][bookmark: OLE_LINK283][bookmark: OLE_LINK284]However, SFI as a COT structure indication also carries other common information for UEs. Whether other information need to be updated during Phase C, and further whether gNB can extend the COT during the acquired MCOT, or the necessary of changing Rel.15 NR rule are need further study. 

[bookmark: OLE_LINK287][bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK125][bookmark: OLE_LINK126]Observation 1: According to the SFI indication method by GC-PDCCH in Rel-15 NR, a later received SFI cannot overrides the previous received SFI if they indicate the overlapped slot(s). UE can suspend monitoring of COT structure indication during Phase C for power saving up to UE implementation. 
· FFS: Whether SFI as a COT structure indication need to be updated during Phase C. 

For the same requirement in FeLAA, the COT structure indication in NR-U at least including the following fields defined in common DCI format 1C in FeLAA：
· DL/UL symbol allocation information
· Two-stage grant PUSCH trigger field
· Configured grant UL sharing indication field
In addition, subband/CC usage information should also be included in the COT structure indication. The subband/CC usage information is used for UE to determine on which subband to stop PDCCH monitoring from the power saving viewpoint, details in our companion contribution [5]. And we discussed the necessity to support two-stage grant in NR-U in our companion contribution [6].

Conclusions
In this contribution, we discussed PDCCH monitoring and COT structure indication. Based on the above discussion, we have following observation and proposals:
Proposal 1: A UE should monitor the PDCCH in symbol-level granularity during Phase A and Phase B, and monitor the PDCCH in slot-level granularity during Phase C. 
· FFS: the search space configuration details on the symbol-level and the slot-level PDCCH monitoring granularity.

Proposal 2: Changing the PDCCH monitoring granularity should base on the detection COT structure indication.

Proposal 3: Support symbol-level search space configuration for the COT structure indication in NR-U.

Observation 1: According to the SFI indication method by GC-PDCCH in Rel-15 NR, a later received SFI cannot overrides the previous received SFI if they indicate the overlapped slot(s). UE can suspend monitoring of COT structure indication during Phase C for power saving up to UE implementation. 
· FFS: Whether SFI as a COT structure indication need to be updated during Phase C.
1. References
0. [bookmark: _GoBack]3GPP RAN1#94bis Chairman’s Notes, Oct. 2018
0. 3GPP RAN1#95 Chairman’s Notes, Nov. 2018
0. [bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66]R1-1904586, “On DL siganls and channels for NR-U”, Fujitsu, April, 2019
0. [bookmark: OLE_LINK107][bookmark: OLE_LINK108]R1-1906435, “On wideband operation for NR-U”, Fujitsu, May, 2019
0. [bookmark: OLE_LINK290][bookmark: OLE_LINK291]R1-1906434, “Scheduling/HARQ enhancements for NR-U”, Fujitsu, May, 2019

2

oleObject2.bin
�

�

gNB's COT


SFI monitoring occasion


Phase A


Phase B


Phase C


Busy


Idle


UL


UL


DL



image3.emf
Phase B Phase C

Idle

DL

UL

DL DL

UL

DL UL DL UL

1

SlotFormat

CombinationId

2

SFI

gNB's COT


oleObject3.bin
�

DL


UL


DL


UL


Phase B


Phase C


1


DL


UL


DL


SlotFormat
CombinationId


DL


2


SFI


UL


gNB's COT


Idle



image1.emf
Slot Slot

Phase A Phase B Phase C

Busy

Idle

search space gNB's COT PDCCH


oleObject1.bin
�

PDCCH


Slot


Slot


Phase A


Phase B


Phase C


Busy


Idle


search space


gNB's COT



image2.emf
gNB's COT

Phase A

Phase B Phase C

UL

UL

DL

SFI monitoring 

occasion

Busy Idle


