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1	Introduction
RAN #84
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
· TRS directly QCL with SSB
RAN1 #AH1901
Agreement:
· 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, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving
RAN1 #97
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 plenary #84, some topics in NR-U has been identified having higher priority in the following meetings. Also considering the agreements that we have made in preceding meetings, in this document, we provide our view on Rel. 16 NR-U downlink channel and signal design.
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. These two topics have been intensively discussed and are subject to support the dynamic PDSCH starting position feature. According to the TR and WID, the rationale of introducing DL burst detection to NR-U is due to the concern that power consumption may be raised by configuring frequent PDCCH monitoring in order to support dynamic PDSCH starting position.
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. The difference is that, from the first perspective (e.g. TR and WID), the DL burst detection is an optional feature. 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.”
From our view, it matches the first perspective, 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.
Observation 1: Dynamic PDSCH starting position can be supported based on Rel. 15 NR. However, with DL burst detection as an optional feature, it 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.
[bookmark: _GoBack]
2.2	Indication of time/frequency domain COT structure
2.2.1 Time domain COT structure
The time domain COT structure has been identified as an objective 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 ”
Most companies mentioned that DCI format 2_0 and GC-PDCCH can be enhanced to become the COT structure indicator. 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 can use a DCI format 2_0 to indicate one SFI combination from the set of SFI combinations to the UE per cell. Because a SFI combination can cover a range of 256 slots, the gNB does not have to configure the UE a frequent DCI format 2_0 monitoring pattern. However, according to the agreements we have made so far, if the DL burst detection feature is optional, the gNB should configure a frequent COT structure PDCCH monitoring pattern (every slot or mini-slot) to guarantee that the UE receives the COT structure in the beginning of the COT.
Observation 2: If the COT structure indicator has to be transmitted in the beginning of the COT, gNB should configure UE a frequent COT structure indicator monitoring pattern. 
Proposal 2: Discuss the range of monitoring periodicity of the COT structure indicator. 
Proposal 3: Discuss whether a UE can skip/reduce monitoring of the COT structure indicator within a gNB COT, if the UE has detected one.
There is 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 a COT, each indicator will be a one slot format removed version of the previous indicator. In this case, also considering all the possible transmission lengths, the maximum number of SFI combinations per set (e.g. 512) may not be enough.
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: If a gNB transmits multiple COT structure indicators in a COT, consider following:
· Option 1: Each COT structure indicator of a COT comprises the same SFI combination index and a starting index of the SFI combination to the current slot.
· Option 2: Each COT structure indicator of a COT indicates an individual SFI combination index, which indicates the format of a set of consecutive slots in the COT.

If a gNB configures a UE to monitor multiple COT structure indicators within a COT, the monitoring periodicity carries partial of the COT length information, which can be utilized as a part of the COT length indication. Table 1 depicts a possible design of Option 1 in Proposal 5 with the monitoring periodicity information. Figure 1 shows an example of such design that the total length of the COT is 8 slots, and a gNB transmits multiple COT structure indicators in the 1’st, 4’th, and 7’th slot. If a UE wakes up in the middle of the COT or receives a first COT structure indicator in the 4’th slot, 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. 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 shows an example of the Option 2 in Proposal 5 that each indicator indicates a sequence of slot formats. Additionally, using an offset and a duration to indicate a set of slot formats within the SFI combination can be included as optional variations.
2.2.1 Frequency domain COT structure
 “Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).”
The wide band operation captured in the WID is shows in the paragraph above. According to the description, the CCA granularity (e.g. subband) has been defined as 20MHz for 5GHz band (not yet decided in the 6GHz band).
Proposal 6: For 5GHz band, using a bitmap to indicate the frequency domain COT structure. For 6GHz band, study the necessity of indicating subband granularity by RRC signalling. 
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Figure 2. An example of Option-2 configuration.
	
3	Conclusions
Observation 1: Dynamic PDSCH starting position can be supported based on Rel. 15 NR. However, with DL burst detection as an optional feature, it 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.
Observation 2: If the COT structure indicator has to be transmitted in the beginning of the COT, gNB should configure UE a frequent COT structure indicator monitoring pattern. 
Proposal 2: Discuss the range of monitoring periodicity of the COT structure indicator. 
Proposal 3: Discuss whether a UE can skip/reduce monitoring of the COT structure indicator within a gNB COT, if the UE has detected one.
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: If a gNB transmits multiple COT structure indicators in a COT, consider following:
· Option 1: Each COT structure indicator of a COT comprises the same SFI combination index and a starting index of the SFI combination to the current slot.
· Option 2: Each COT structure indicator of a COT indicates an individual SFI combination index, which indicates the format of a set of consecutive slots in the COT.
Proposal 6: For 5GHz band, using a bitmap to indicate the frequency domain COT structure. For 6GHz band, study the necessity of indicating subband granularity by RRC signalling. 
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