Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Ref462817227][bookmark: _GoBack]3GPP TSG-RAN WG1 Ad-Hoc Meeting 1901	R1-1900258 
Taipei, Taiwan, January 21st – 25th, 2019	

Agenda Item:	7.2.2.1.2
Source:	Panasonic
Title:	COT structure indication
Document for:	Discussion, Decision
Introduction
In NR-U study item phase, the need for channel occupancy time (COT) indication has been identified. The following is the corresponding agreement and captured in the study report [1]:
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.
[bookmark: _Ref462918989]In this contribution, we discuss the main use cases of COT structure indication, what info is included in the COT indication, and what channel/signal is used for COT structure indication.    
[bookmark: _Ref178064866]Discussion
2.1 Use case of COT indication and COT structure info
Since the answer to what info should be included in the COT structure indication highly depends on the use case of such indication, we discuss following issues together in this section.
Enable resource sharing between gNB and UE
In unlicensed band operation, after acquiring the channel by LBT, the initiating device (e.g. gNB) can occupy the channel up to maximum COT. During the COT, it is beneficial for gNB to share the acquired time-frequency resources with UE. The advantages include:
· To allow flexible resource usage among DL and UL: DL and UL directions can be decided more dynamically based on the traffic dynamics.
· To allow UL transmission without performing LBT in gNB acquired COT or only one shot LBT: If the gap between DL and UL is less than 16us, no LBT needs for UL transmission after the DL burst (i.e. Cat 1 immediate transmission). If the gap between DL and UL is less than 25us, only one LBT needs for UL transmission after the DL burst (i.e. Cat 2 LBT).
To enable resource sharing, it is necessary for gNB to inform UE which symbols are DL, UL and Flexible by COT structure indication. The definition of the flexible symbol can follow what has been defined in Rel-15 NR slot format. Namely, semi-static transmission is not allowed over flexible symbols but dynamic scheduling can make use of flexible symbols. With the DL/UL direction information indicated to the UE, resource sharing between gNB and UE for the acquired COT is realized. The additional benefit of indicating DL/UL direction for the COT is to allow the control of semi-statically configured/periodic transmission. For example, if UL transmission configured by RRC is occurring within the gNB’s COT, but the configured resources are indicated as DL or flexible by gNB, then UL transmission has to be dropped.  
The COT structure indication is associated with a valid time duration. After that duration, UE will expect receiving another indication. One way is to set the valid time the same as COT duration. However, a better way is to set valid time only for one or a few slots, less than the MCOT. With the shorter valid time, the COT structure can be modified more dynamically to adapt to the traffic demand.
Proposal 1: COT structure in time domain defines which symbols are DL, UL, and Flexible for one or a few slots, similar to Rel-15 Slot Format Indication.

Enable UE to skip RRC configured PDCCH occasions
There has been consensus to support different PDCCH monitoring patterns in time domain within and outside a gNB’s COT, for example, before UE identifies the gNB’s COT, it adopts mini-slot monitoring to facilitate fine channel access granularity. Once UE detects the COT, UE can switch to slot-based monitoring to reduce power consumption and scheduling overhead. 
Basically, there are two ways to enable such dynamic switching between different PDCCH monitoring patterns: trigger-based method or signaling-based method or the combination of both.
· Trigger-based method: Two PDCCH monitoring patterns are preconfigured. Before UE identifies a gNB’s COT, UE uses pattern 1. After UE detects some initial signal at the beginning of the COT (e.g. wideband DM-RS), UE switches to pattern 2 (i.e. the identification of COT triggers another PDCCH monitoring pattern). 
· Signalling-based method: UE is explicitly signalled via COT structure info whether UE should spend or reduce its effort on PDCCH decoding. For example, COT structure info can dynamically indicate some CORESET symbols within a COT are non-DL symbols, such that UE can skip monitoring those symbols.
The advantage of explicit signalling is that within the COT more flexible PDCCH monitoring pattern can be indicated, and it is not limited to one single PDCCH monitoring pattern for the entire COT. Therefore, we suggest that COT structure indication should support such use case. 
Proposal 2: COT structure indication defining DL, UL and Flexible symbols can be used to dynamically indicate whether to skip some RRC configured PDCCH monitoring occasions. 


Indicate the DL/UL bandwidth in a gNB acquired COT
As concluded in the study report, wideband operation where a serving cell is configured with bandwidth larger than 20 MHz should be supported in NR-U. In such case, the bandwidth of one NR-U cell may include multiple 20 MHz LBT sub-bands. Currently, option 3 of single BWP operation is supported by majority of companies:
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

Option 3 allows gNB to grab the partial wideband channel that is clear from channel assessment even if the whole wideband is configured as one BWP. In other words, it may happen that gNB does not gain access on some portion of UE’s active BWP due to LBT failure over those portions, but gNB still proceeds for DL transmission over the acquired part. In such case, it is beneficial for the UE to know which part of the active BWP that gNB has failed gaining control, such that UE can skip the PDCCH/PDSCH over those portions. On the other hand, for semi-static configured UL transmission such as PRACH, configured grant type-1 within gNB’s COT, it is also important for UE to know which 20MHz LBT sub-band(s) of the active BWP are allowed.
Either implicit identification or explicit signalling can be considered as follows:
· Implicit method: the DL transmission BW is identified by checking wideband DMRS, TRS, or some kind of preamble at the beginning of DL burst (if supported), then UL BW follows the DL BW. 
· Explicit method: UE is explicitly signalled via COT structure indication the DL/UL BW.
Both methods are workable. However, comparing these two methods, explicit signalling can achieve better flexibility, because it gives more freedom for gNB to control UE’s reception and transmission. More importantly, if COT structure indication is carried by a certain channel such as group common PDCCH, it is much more robust compared to the implicit method which relies on sequence detection without protection of channel coding including CRC. 
Therefore, in wideband operation, the COT structure should include 2-dimension information, time and frequency. Or more precisely, the original meaning of COT structure (as its name suggested) should be associated with a frequency domain applicable range, where the granularity can be per 20MHz LBT sub-band. Specifically, we have the following proposal 3.
Proposal 3: For wideband operation, in addition to time domain structure defining DL, UL and Flexible symbols, COT structure defines in frequency domain which LBT sub-band(s) are accessible to the UE.

2.2 Signalling design of COT structure indication
In Rel-15 NR, a slot format defining DL, UL and Flexible symbols is indicated via group-common PDCCH (DCI format 2_0). It is reasonable for COT structure indication in NR-U to inherit such design as much as possible, because the COT structure indication is to define DL, UL Flexible symbols similarly. Therefore, we propose to use group-common PDCCH for COT structure indication. Compared to DCI format 2_0, additional fields may be added, e.g. for the frequency domain occupancy. 
In the previous meeting, there was proposal to use sequence identification to indicate COT structure information. Such design would have less reliability compared to PDCCH which is protected by channel coding including CRC. Furthermore, the Rel-15 NR slot format requires 8 bits already. Considering the additional bits required for COT structure information, significant amount of orthogonal sequences would be needed, which may not be feasible. 
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. This would bring the power saving benefit compared to the case where UE performs full BDs all the time. If further power saving needs to be pursuit, as an UE implementation option, 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.
Proposal 4: Group-common PDCCH based on SFI-PDCCH is used to indicate COT structure info.

Conclusion
Based on the discussion, we propose following. 
Proposal 1: COT structure in time domain defines which symbols are DL, UL, and Flexible for one or a few slots, similar to Rel-15 Slot Format Indication.
Proposal 2: COT structure indication defining DL, UL and Flexible symbols can be used to dynamically indicate whether to skip some RRC configured PDCCH monitoring occasions. 
Proposal 3: For wideband operation, in addition to time domain structure defining DL, UL and Flexible symbols, COT structure defines in frequency domain which LBT sub-band(s) are accessible to the UE.
Proposal 4: Group-common PDCCH based on SFI-PDCCH is used to indicate COT structure info.
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