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1.	Introduction
Essential topics (guided by RAN)
· 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

In this contribution, we discuss the power consumption issue of dynamic PDSCH starting position, the time domain COT structure indicator and the LBT type switching mechanism in the gNB initiated COT.
2.	Discussion
2.1	Dynamic PDSCH starting position
According to the priority lists in the introduction, topics such as DL burst detection and dynamic PDCCH monitoring are not included in the list. The two topics have been intensively discussed and subject to supporting dynamic PDSCH starting position. This has a common understanding that dynamic PDSCH starting position has to be implemented by configuring frequent PDCCH monitoring pattern. Thus, as addressed the TR and WID, the rationale of introducing DL burst detection is to deal with the power consumption due to frequent PDCCH monitoring configuration.
38.889, “The detection of a gNB's transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised.”
However, from another perspective, with DL burst detection, the base station can support dynamic PDSCH starting position without configuring frequent PDCCH monitoring pattern to the UE. For example we can configure a search space which is triggered by the DL burst detection, thus the UE can skip monitoring PDCCH outside the DL burst. The difference is that, from the first perspective (e.g. TR and WID), the DL burst detection is an optional feature for power saving. Without the feature, the base station still can support dynamic PDSCH starting position. From the second perspective, the DL burst detection is mandatory in order to support dynamic PDSCH starting position, otherwise the search space cannot be triggered. 
According to the agreement in AH1901,
“The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB.”
In our view, the agreement matches the first perspective mentioned above, because Rel-15 NR had already allowed gNB to configure frequent PDCCH monitoring to UE. If UE is capable to detect the DL burst, it can save the power by skipping some PDCCH monitoring outside the COT. For UE is not capable to detect the DL burst, the frequent PDCCH monitoring configuration may drain out UE’s battery.
Proposal 1: The ability of identifying a DL burst by detecting DMRS should be specified as a UE capability.

2.2 COT structure indication
2.2.1 Time domain COT structure
The time domain COT structure identification is addressed in WID as following 
“ DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure ”
Majority companies mentioned that DCI format 2_0 and GC-PDCCH can be enhanced for COT structure indication. In Rel. 15 NR, a gNB can configure 256 slot formats per SFI combination and 512 SFI combinations per set to a UE in a cell by RRC, then the gNB uses DCI format 2_0 to indicate one SFI combination from the SFI combination set. Because one SFI combination can cover a duration of up to 256 slots, the gNB does not have to configure a frequent PDCCH monitoring pattern for DCI format 2_0.
However, according to the current agreements, if the DL burst detection is an optional feature, the gNB has to configure a frequent COT structure monitoring pattern (every slot or mini-slot) to guarantee the COT structure is received in the beginning of the COT. Therefore before further discussing the detail of the COT structure such as supported durations, we should consider following proposal. 
Proposal 2: Determine following options for COT structure indication
· Option-1: COT structure indicator should be transmitted in the beginning of a COT.
· Option-2: COT structure indicator should be transmitted in the first full slot of a COT. 
Proposal 3: Determine the UE behavior while receiving multiple COT structure indicators in a COT
· Option-1: UE does not expect receiving multiple COT structure indicators within a COT (Drop the second indicator or suspend COT structure monitoring).
· Option-2: UE applies the latest COT structure indicator.
Another problem raised if gNB configures a frequent COT structure monitoring pattern to UE. For example, if a gNB has to transmit COT structure indicator in every slot in the COT, each indicator will be a “one slot format removed” version of the previous indicator. Thus, if we further consider all possible transmission lengths in a COT, the maximum number of SFI combinations per set (e.g. 512) is insufficient.
Proposal 4: COT length indicator should consider the following
· Option-1: Indicate a limited set of COT length (e.g. 2ms, 3ms, 6ms, 8ms, 10ms, etc.).
· Option-2: Indicate the exact COT transmission length (i.e. # of slots).
Proposal 5: For transmitting multiple COT structure indicators in a COT, consider following:
· Option-1: Each COT structure indicator comprises the same SFI combination index and a starting index in the SFI combination regards to the current slot.
· Option-2: Each COT structure indicator indicates an individual SFI combination index, which indicates the format of a set of consecutive slots.

If a gNB configures multiple COT structure indicators in a COT, the monitoring periodicity carries partial information about the COT length. Figure 1 shows an example of such design that the total length of the COT is 8, and a gNB transmits COT structure indicators with a periodicity of 3 slots. Considering the gNB includes parameters as shown in the Table 1 in the COT structure indicator. If a UE wakes up in the middle of the COT and receives the COT structure indicator in slot #3, the UE determines the slot format of the current slot in the SFI combination by calculating XY+1 (e.g. 1*3+1=4), which indicate it starts from the 4’th slot format in the SFI combanition (e.g. SFI 3). If the gNB provides the length of the last monitoring duration in Z (i.e. Z=2), the UE can determine that the remaining COT length by calculating (N-X-1)*Y+Z, e.g. (3-1-1)*3+2=5, which indicates the remaining length is 5 slots.
  
Table 1. The COT structure indication
	Option-1
	1. SFI combination for whole COT
2. The total COT structure indication within the COT, i.e. N 	
3. The COT structure indication index, i.e. X = (0…N-1)
4. The monitoring duration of COT structure indication, i.e. Y.
5. The length of the last monitoring duration, i.e. Z.
Note: When a UE receives a COT structure indication, it can find the associated SFI index by calculate XY+1, and calculate the remaining COT length by (N-X-1)Y+Z, or (N-X)Y if Z is not conveyed.

	Option-2
	1. SFI combination for partial COT
2. The starting index of the SFI combination
3. The available length of the SFI combination
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Figure 1. An example of Option-1 configuration.

In contrast, Figure 2 depicts an example of the Option-2 in Proposal 5 that each indicator indicates the formats of a set of consecutive slots. In slot #0, the COT structure indicates SFI combination 1, which comprising a sequence of SFI indexes from 0 to 6. In addition, the COT structure can indicate an offset (e.g. 2. Starting index) and a duration (e.g. 3. Length) to indicate a set of SFIs within the SFI combination 1. As shown in the figure, the first indicator indicates SFI indexes 1 to 5 in the SFI combination 1 for slot #0 to slot #4, and the second indicator indicates SFI indexes 7 to 9 in the SFI combination 2 for slot #5 to slot #7. In this case, the UE doesn’t have to know the exact COT length. If the indicated length is over and the UE doesn’t receive next indicator, the UE expects the COT is over. 
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Figure 2. An example of Option-2 configuration.
 
2.3 LBT type switching in the gNB COT
In LTE LAA, for dynamic grant, if a base station configures a UE a UL grant with channel access type 1 (LBT Cat. 4) and if the base station acquires a COT later which overlaps with the UL transmission, the base station uses a common control DCI (e.g. DCI 1C) to inform the UE an available range for UL transmission. In response to the information, the UE may use channel access type 2 (LBT Cat. 2) for the UL transmission. For autonomous UL (AUL) in LTE LAA, the base station further includes the field “COT sharing indication for AUL” in the DCI 1C. If the field states true for COT sharing for AUL, the UE may use channel access type 2 for the UL transmission.
NR-U can adopt similar procedures as LTE LAA for handling LBT type switching, that gNB can use the COT structure indicator to convey the COT sharing information, and UE determines whether to switch the LBT type according to the information. However it should be addressed that NR-U supports multiple transmission direction switching points in the COT. For the case that gNB configures a DL or flexible transmission after a UL transmission, if the UL transmission fails due to LBT, the gNB might unable to transmit the subsequent transmissions. In this regard, to secure the subsequent transmissions, the gNB should mandate UE to switch to the LBT type indicated in the control information.
Proposal 6: gNB should indicates channel access type switching explicitly or implicitly in the COT structure indicator. 
Proposal 7:  For UL grant, if the scheduled UL transmission is in the UL region indicated by the COT structure indicator, 
· the UE applies the channel access type indicated by gNB if there is a non-UL region indicated after the scheduled UL region, or
· the UE may apply the channel access type indicated by the COT structure if there is no non-UL region indicated after the scheduled UL region. 
Proposal 8:  For configured grant, if the gNB indicates COT sharing for configured grant and the UL transmission falls in a UL region indicated by the COT structure indicator, 
· the UE applies the channel access type indicated by the COT structure if there is a non-UL region indicated after the scheduled UL region, or
· the UE may apply the channel access type indicated by the COT structure if there is no non-UL region indicated after the scheduled UL region.
[bookmark: _GoBack]In NR-U standalone, the networks configures random access resources on shared spectrum, and UE transmits RACH preamble on the RACH occasion. For the scenario that a gNB acquires a COT including the RACH occasion, if the gNB does not schedule transmissions on the RACH occasion, the gNB may leave the RACH occasion for RA preamble transmission. Similar to the issue of securing subsequent transmissions, the gNB should indicate “COT sharing for RACH” in the common control information (i.e. COT structure indication) as well.   
Proposal 9: gNB should indicate “COT sharing for RACH” in the common control information
3. Conclusions
Proposal 1: The ability of identifying a DL burst by detecting DMRS should be specified as a UE capability.
Proposal 2: Determine following options for COT structure indication
· Option-1: COT structure indicator should be transmitted in the beginning of a COT.
· Option-2: COT structure indicator should be transmitted in the first full slot of a COT. 
Proposal 3: Determine the UE behavior while receiving multiple COT structure indicators in a COT
· Option-1: UE does not expect receiving multiple COT structure indicators within a COT (Drop the second indicator or suspend COT structure monitoring).
· Option-2: UE applies the latest COT structure indicator.
Proposal 4: COT length indicator should consider the following
· Option-1: Indicate a limited set of COT length (e.g. 2ms, 3ms, 6ms, 8ms, 10ms, etc.).
· Option-2: Indicate the exact COT transmission length (i.e. # of slots).

Proposal 5: For transmitting multiple COT structure indicators in a COT, consider following:
· Option-1: Each COT structure indicator comprises the same SFI combination index and a starting index in the SFI combination regards to the current slot.
· Option-2: Each COT structure indicator indicates an individual SFI combination index, which indicates the format of a set of consecutive slots.
Proposal 6: gNB indicates the channel access type switching explicitly or implicitly by the COT structure indicator. 
Proposal 7:  For UL grant, if the scheduled UL transmission is in the UL region indicated by the COT structure indicator, 
· the UE applies the channel access type indicated by gNB if there is a non-UL region indicated after the scheduled UL region, or
· the UE may apply the channel access type indicated by the COT structure if there is no non-UL region indicated after the scheduled UL region. 
Proposal 8:  For configured grant, if the gNB indicates COT sharing for configured grant and the UL transmission falls in a UL region indicated by the COT structure indicator, 
· the UE applies the channel access type indicated by the COT structure if there is a non-UL region indicated after the scheduled UL region, or
· the UE may apply the channel access type indicated by the COT structure if there is no non-UL region indicated after the scheduled UL region.
Proposal 9: gNB should indicate “COT sharing for RACH” in a common control information (i.e. COT structure indicator)
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