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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#94bis, the following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst [1]: 
· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary
· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.

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: _Ref129681832]In this contribution, we discuss some aspects of frame structure design for NR-U operation including PDSCH transmission in the partial slot, transmission detection, indication for COT structure and frequency domain aspect.
PDSCH transmission in a partial slot
Once a gNB obtains transmission opportunity (TXOP) via listen before talk (LBT), it should be able to start its PDCCH/PDSCH transmission at any symbol in a slot. Since the length of a partial slot following a successful LBT cannot be known in advance, there are different options for the transport block mapping to such partial slots. 
It has been agreed that it is beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.
Option 2 supports TBS determination according to the full slot and puncture or rate match the encoded data to the resources available in the partial slot [2]. This approach can reduce the overhead as compared to option 3 albeit at the expense of higher effective code rate than the targeted code rate. 
Option 3 supports PDSCH mapping type B including durations other than 2/4/7 symbols transmission granularity to fill up partial slot, following successful LBT and support slot-level granularity from the next slot boundary [3]. 
Option 4 supports TBS determination according to the full slot and aggregate the partial slot with the subsequent full slot [4] and perform rate matching and PDSCH transmission on aggregated slots. This approach can alleviate the higher overhead and higher effective code rate issues associated with the above alternatives. 
Although option 4 increases the likelihood of successful decoding due to lower effective code rate, it may also cause spectral efficiency loss, particularly if partial slot is not significantly shorter than the full slot length. 
Option 2 is a good solution if the fraction of partial slot is close to 1; otherwise option 3 is more suitable. We therefore propose to support a combination of option 2 and option 4 as follows:
[bookmark: _Hlk524442142]Step 1: Define a code rate variation threshold .
Step 2: Support TBS determination and data partition into TB according to full slot length.
Step 3:  If effective code rate in partial slot after successful LBT ≤ target code rate + , puncture or rate match the encoded data to the resources available in the partial slot. Otherwise, rate match the encoded data to the resources available in the aggregated slots (partial slot and subsequent full slot).
Proposal 1: Support TBS determination according to full slot length and puncture or rate match encoded data to partial slot if the difference between effective and target code rate is within a certain threshold. Otherwise, rate match the data to resources in aggregated slot. 
DL transmission detection 
Flexible starting position in NR-U poses a challenge to the UE to blindly detect CORESET. Since the UE does not know the DL transmission start position, it will have to monitor every possible CORESET occasion in every slot, increasing UE’s complexity and power consumption. This unnecessary, high complexity, blind PDCCH detection can be avoided by supporting alternative low complexity DL transmission detection mechanisms as given below:
Alt1: Perform frequent CORESET monitoring to detect the leading PDCCH in a downlink COT, but with a reduced (limited) search space so as to keep the UE’s complexity low. After detection of the beginning of downlink transmission, the UE can switch to less frequent but more complicated PDCCH monitoring [2].
Alt2: Use an initial/wakeup burst identification signal to indicate start of downlink transmission and trigger CORESET monitoring. Use of such a signal is supported by a number of companies [2]-[10] and different proposals are made with respect to the design of burst identification signal such as preamble, cell specific identification signal, DM-RS, PSS/SSS, CSI-RS, PDCCH DM-RS (wideband) etc. This can further reduce UE complexity as compared to Alt1 since UE does not have to monitor PDCCH occasions outside the TXOP.
Proposal 2: Support an initial/wakeup signal to identify the start of downlink transmission in NR-U.
MCOT structure indication
Indication of UL/DL configuration of the MCOT and slot structure to the UE offers several advantages including reduced UE power consumption by monitoring DL control information in the DL portion(s) only instead of every slot in the MCOT, periodic DL/UL signal transmission (e.g., SSB, PRACH, configured grant), fine channel tracking etc. Therefore, it is important to consider how and when MCOT structure can be indicated to the UE. Since MCOT structure can vary frequently due to uncertainty of LBT result and interference environment, dynamic UL/DL configuration is preferred in NR-U operation. This dynamic indication can be performed at the beginning of the MCOT or multiple times per MCOT e.g. every few slots, at the beginning of each slot etc. MCOT structure indication every several slots enables updating/varying the configuration more frequently if needed. However, the periodicity of MCOT structure indication needs not be fixed and, to save the control signal overhead, it is proposed to indicate the structure only when it is changed by the gNB, in order to override the previous structure.
Proposal 3: Consider dynamic UL/DL configuration and indication of the MCOT structure as soon as it is changed overriding the previous structure.
Several options can be considered to indicate MCOT structure (slot format within the MCOT) as listed below:
Option 1: Implicit indication through DL/UL scheduling DCI
This can allow to configure fixed slot formats (either DL centric or UL centric) only and does not allow flexibility to dynamically configure UL and DL resource ratio in a slot.
Option 2: Separate field in DL burst identification signal
Details of the field and burst identification signal are not discussed and, hence, it is not possible to understand the flexibility of adapting and indicating UL/DL resource ratio using this mechanism.
Option 3: Using a preamble for indication
Details of this indication mechanism are also not discussed and, similar to option 2, it is not possible to understand the flexibility of adapting and indicating UL/DL resource ratio using this mechanism.
Option 4: Slot format indicator (SFI) in group common PDCCH (GC-PDCCH)
This seems to be the most widely discussed MCOT structure indication mechanism. SFI is already supported in NR Rel-15 to enable flexible frame structure and can also be introduced in NR-U to indicate slot structure of the MCOT without huge effort to introduce a new signal. Using SFI, network can indicate transmission direction of each symbol in a slot. Modifications to SFI in NR-U still need to be studied and this mechanism also requires configuring a set of slot formats to UEs and it needs to be studied whether the DL/UL direction configuration supported in Rel-15 NR is enough or not. 
Option 5: In order to dynamically configure UL/DL resource configuration in a slot without preconfiguring set of slot formats, we propose to transmit a bitmap in a GC-PDCCH to indicate the UL/DL configuration of each symbol in each slot in a number of slots before another GC-PDCCH is detected with a bitmap overriding previous configuration. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: Transmit a bitmap in a GC-PDCCH to indicate the UL/DL configuration of each symbol of a slot.
[bookmark: _Hlk528058091]Frequency Domain Aspect
NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz. For DL operation, multiple BWPs can be configured, for a UE for BWP-based operation within a carrier with bandwidth larger than 20 MHz. Among the multiple configured BWPs, our view is that actual transmission should be performed only on a single activated BWP [11].
[bookmark: _GoBack]For a single active BWP out of multiple configured BWPs, the actual transmission can be performed over a part of the BWP, where LBT procedure is successful for that part of the BWP. Resource will be wasted if actual transmission can only be performed over the BWP when the LBT procedure is successful for whole bandwidth of the BWP. All parts of the single active BWP on which the LBT procedure are successful can be aggregated in the frequency domain. No transmission can take place on the part of the bandwidth on which the LBT procedure is unsuccessful.  
Proposal 5: For a single active BWP, actual transmission can be performed over a part of the BWP, where LBT procedure is successful for the part of the BWP.
Conclusion
From the discussion, we have the following observations and proposals.
Proposal 1: Support TBS determination according to full slot length and puncture or rate match encoded data to partial slot if the difference between effective and target code rate is within a certain threshold. Otherwise, rate match the data to resources in aggregated slot. 
Proposal 2: Support an initial/wakeup signal to identify the start of downlink transmission in NR-U.
Proposal 3: Consider dynamic UL/DL configuration and indication of the MCOT structure as soon as it is changed overriding the previous structure.
Proposal 4: Transmit a bitmap in a GC-PDCCH to indicate the UL/DL configuration of each symbol of a slot.
Proposal 5: For a single active BWP, actual transmission can be performed over a part of the BWP, where LBT procedure is successful for the part of the BWP.
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