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Introduction
In RAN1#93, the following was agreed in the NR-U frame structure discussion:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

In RAN1#94bis, the transmit preamble and initial signal design have been discussed in NR-U DL Signals and Channels agenda, and the following is the offline discussion status by the end of the meeting:
· Benefits of using a signal/channel that facilitates its detection with low complexity have been discussed and at least the following scenarios/use cases have been identified:
· UE power consumption due to frequent CCA monitoring should be improved.
· Can be improved by
· Signal/Channel that facilitates its detection with low complexity (e.g. based on existing NR signal/channel such as PDCCH, DM-RS, CSI-RS, PSS/SSS, 802.11a preamble, new design)
· Different monitoring in different parts of COT/outside COT
· Facilitate the UE to detect whether a transmission burst is initiated by a serving gNB or another node (same/different RAT)
· May be used at least for purposes of
· Measurements based on serving gNB’s signals 
· Can be improved by
· Signal that facilitates its detection with low complexity (e.g. based on existing NR signal such as DM-RS, CSI-RS, PSS/SSS, new design)
· Signal that facilitates its detection with higher than low complexity (e.g. PDCCH, signal/channel combined with 802.11a preamble)
· Fair coexistence or/and Spatial reuse within the RAT and with other RATs should be improved
· Can be improved by usage of a signal based on 802.11a preamble
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2.1 signal/channel facilitating UE power saving
The concern of UE power consumption due to frequency CCA monitoring mainly stems from the assumption that at each monitoring location, full set or majority of blind decodings need to be performed. If only one BD is performed, e.g. to detect group-common PDCCH, at each monitoring location at the first step, the power consumption is not an issue any more. Under such scheme, UE only proceeds to the rest of BDs if and only if the UE finds the first PDCCH, e.g. group-common PDCCH, and such first PDCCH indicates the UE to do so.   
Note that in NR-U frame structure agenda in the last meeting, the following has been agreed:
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.
From our perspective, knowing the COT structure, e.g. DL/UL symbols and COT duration, is necessary for the UE power saving, because UE can skip the PDCCH monitoring in the UL symbols. In addition, as discussed in the next section, UE can skip the PDCCH monitoring in a non-serving cell's COT period if UE knows the COT is not from the serving cell.. A natural choice to signal COT structure is based on the group-common PDCCH, since Rel-15 SFI-PDCCH design has already provides a flexible framework for such indication. 
If the group-common PDCCH is adopted to indicate the COT structure at the beginning of the COT, it would be a natural choice to define group-common PDCCH as the only PDCCH that UE needs to monitor before knowing the COT. As explained above, single BD will not burn out UE battery even if it is configured very frequent. If further power saving needs to be pursuit, DM-RS sequence correlation in the group-common PDCCH can be used as the first step instead, meaning that UE would try to decode group-common PDCCH if and only if the DM-RS sequence correlation passes the threshold or the channel estimation from DM-RS provides good enough channel strength.
For AGC/AFC purpose and transition time handling of PA, we see the need of preamble before the group-common PDCCH. On the other hand, during AFC/AGC stabilization time, UE may not able to receive these preamble correctly but only used for AFC/AGC. Therefore, we propose power saving does not rely only such preamble. On the other hand, in some situation, UE is not required to have AFC/AGC. Then to allow power saving using such preamble should not be precluded. 
For the signal facilitating Wi-Fi terminal power saving, 802.11a preamble is beneficial. This aspect is discussed in section 2.3.
Proposal 1: Group-common PDCCH based on SFI-PDCCH can be used to indicate COT structure.
Proposal 2: Group-common PDCCH based on SFI-PDCCH can be used as the “signal/channel” to facilitate UE power saving.
Proposal 3: DM-RS sequence correlation detection can be considered as prerequisite for UE to decode PDCCH for power saving. 
Proposal 4: For AGC/AFC purpose and transition time handling of PA, in the beginning of COT, preamble is available but the power saving design should not be based on the assumption that preamble can be received always. On the other hand, such preamble can be also used for power saving when UE can receive the preamble information.

2.2 Signal/channel facilitating detection of transmission burst
At the beginning of the gNB transmission burst, in additional to COT structure, it is necessary to indicate other information, such Cell ID and PLMN ID. Then the unintended UEs can skip the whole COT, which has significant power saving. As discussed in the previous section, preamble may not be able to receive well by UE by AFC/AGC processing and it cannot carry such information. Therefore, group-common PDCCH should be used for such purpose. As mentioned in previous section, monitoring only one group-common PDCCH before knowing COT at preconfigured locations will not cause so much concern on the UE power consumption. Therefore, group-common PDCCH or DMRS for group-common PDCCH can be used as the “signal/channel” facilitating detection of transmission burst. 
Proposal 5: Group-common PDCCH based on SFI-PDCCH can be used as the “signal/channel” to facilitate detection of transmission burst.
Proposal 6: DM-RS sequence can be considered as “signal/channel” to facilitate detection of transmission burst.  

2.3 Signal/channel facilitating coexistence and spatial reuse
To facilitate coexistence, 802.11a preamble has been proposed for NR-U. However, the 802.11a preamble cannot carry cell-specific, beam-specific indication and NR-U COT structure because the 802.11a preamble is not designed to carry such NR-U information. As a result, the usage will be limited from NR-U perspective. Instead, Group-common PDCCH based on SFI-PDCCH (as suggested in previous two sections) can provide the following advantages compared to 802.11a preamble:
1. Group-common PDCCH (and its DM-RS sequence) can be cell-specific, PLMN-specific, or beam-specific, which can facilitate UE to identify whether the transmission burst is targeted to it or not. Spatial reuse can also be enhanced by e.g. beam-specific DM-RS.
2. No additional overhead
3. Unified design for all NR-U specific use cases described above
On the other hand, NR-U specific group-common PDCCH would not be received by Wi-Fi node. For the situation where legacy Wi-Fi node is expected, to transmit 802.11a preamble before above group common PDCCH can be beneficial as it allows Wi-Fi node power reduction and signal based detection of coexistence in addition to energy based detection. Such 802.11a preamble can be an implementation choice and not by the specification.
Proposal 7: group-common PDCCH (and its DM-RS) can be considered as “signal/channel” to facilitate coexistence and spatial reuse.  
Proposal 8: 802.11a preamble is beneficial for Wi-Fi node. To transmit 802.11a preamble before group-common PDCCH is up to gNB implementation.

 

Conclusion
Based on the discussion, we propose following. 
Proposal 1: Group-common PDCCH based on SFI-PDCCH can be used to indicate COT structure.
Proposal 2: Group-common PDCCH based on SFI-PDCCH can be used as the “signal/channel” to facilitate UE power saving.
Proposal 3: DM-RS sequence correlation detection can be considered as prerequisite for UE to decode PDCCH for power saving. 
Proposal 4: For AGC/AFC purpose and transition time handling of PA, in the beginning of COT, preamble is available but the power saving design should not be based on the assumption that preamble can be received always. On the other hand, such preamble can be also used for power saving when UE can receive the preamble information.
Proposal 5: Group-common PDCCH based on SFI-PDCCH can be used as the “signal/channel” to facilitate detection of transmission burst.
Proposal 6: DM-RS sequence can be considered as “signal/channel” to facilitate detection of transmission burst.  
Proposal 7: group-common PDCCH (and its DM-RS) can be considered as “signal/channel” to facilitate coexistence and spatial reuse.  
Proposal 8: 802.11a preamble is beneficial for Wi-Fi node. To transmit 802.11a preamble before group-common PDCCH is up to gNB implementation.
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