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1 Introduction

In RAN#82 plenary meeting, a WI on NR-U [1] was approved. Further in the last RAN1 Ad-Hoc meeting [2], the following agreements were made for DL signals and channels design:

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 

In the RAN1 96th meeting, the PDSCH transmission on partial slot and DL burst detection were discussed, but no consensus was made. In this contribution, we present the discussion on the DL signals and channels design for NR-U.
2 Discussion
Bi-directional COT
Maximum Channel Occupancy Time (MCOT) is defined in the ETSI BRAN regulation as the total time that an equipment makes use of an operating channel in the unlicensed band, after which the device shall perform a new extended CCA (e.g. LBT CAT4). In LAA, only one DL/UL switching is supported in a MCOT. The UE can have a one-shot LBT following the DL transmission to perform the UL transmission with a shared gNB MCOT.

It is agreed that multiple switching points is beneficial to the system performance such as to support fast feedback. In order to save the UE’s power consumption, it can be considered to inform UE of the slot structure within the MCOT. In NR licensed carrier, dynamic DL/UL switch can be supported by the dynamic SFI. The slot format for multiple slots can be indicated by one SFI. To save the UE’s decoding effort, it can be considered to inform UE of the slot format for the MCOT at the beginning of a shared gNB MCOT as illustrated in Fig. 1. Meanwhile, additional SFI can be transmitted multiple times within a COT.
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Fig.1: Illustration of the SFI indication for a COT

The start of a gNB acquired COT may not aligned with the slot boundary, one issue is how to indicate the slot format of the partial slot. One alternative is to introduce new slot format for the partial slot, the other one alternative is to puncture the slot format using current SFI table subject to the LBT result.

Proposal 1: UE can be informed of the slot format for a gNB’s COT at the beginning of the COT.

Proposal 2: Additional SFI can be transmitted multiple times within a COT.

Proposal 3: Further study how to indicate the slot format for partial slot.
Adaptation on PDCCH monitoring

In Rel-15 NR design, UE monitors its control information on configured occasions provided by high layer. In the unlicensed band, as the channel availability is unpredictable, the transmission of the control in formation on the configured occasions cannot be guaranteed. It is power inefficient for the UE to always monitor the control information on the configured occasions. Thus it is beneficial for the UEs if the gNB can adjust the UE’s PDCCH monitoring behavior at the physical layer from the power consumption aspects. It has been agreed during the SI to allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH. Before the start of a COT, UE need to monitor the start of a COT. This can be achieved by detecting some signals such as the DMRS. After detecting the start of a COT, UE can be indicated to perform PDCCH decoding. 
Proposal 4: UE is not required to perform PDCCH decoding outside a COT.
Flexible data starting/ending position

It is beneficial to support flexible data starting/ending position to avoid wasting the resource. However, this may bring additional complexity for the gNB to prepare the data transmission as gNB need to prepare multiple data portions with different TB sizes to accommodate the available time domain resource. It has been identified to be 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. Four 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.

· 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

For option 1, the PDSCH transmission is the same with the one in Rel-15 NR. gNB can schedule type B PDSCH transmission to fill the partial slot. 
For option 2, gNB can prepare the TB for a larger number of resources such as a full slot and then puncture the transmission depending on the LBT results. However, the LBT result has large impact on the decoding performance. The decoding performance cannot be guaranteed when a large portion of the transmission is punctured which in turn hurts the spectrum efficiency.

For option 3, PDSCH type B with durations other than 2/4/7 symbols is introduced, gNB could use this to align the slot boundary as illustrated in figure 2. For example, the partial slot has 5 symbols available for data transmission based on LBT outcome, gNB transmit a pre-determined 2 symbols data and following 3 symbols data to align the slot boundary. However, the key issue is how to proceed the first transmission in our understanding. After that, the gNB have enough time to make further scheduling decision. However, introducing additional PDSCH mapping duration may pose limitation on the gNB’s scheduling flexibility.
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Figure 2: Illustration of option 3
For option 4, a data transmission is allowed to be transmitted across the slot boundary as illustrated in Fig.3. This is a further enhancement to the Rel-15 NR design. Basically gNB can always send the pre-determined scheduling grant and first scheduled TB regardless of the LBT outcome. After the first transmission, gNB have enough time to prepare the next scheduling grant and corresponding data. From the standard impact aspect, minor spec impact is expected except for the resource allocation indication. In this sense, it is suggested to support Alt 4 in addition to Alt1. However from the implementation aspect, additional cost might be introduced as this option might breaks the rule to have data processing on the per-slot basis. If this is a concern, support Alt 1 only.
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Figure 3: Illustration of option 4
Proposal 5: Support Alt 1 + Alt 4 or Alt1 only if the Alt 4 has large impact on the implementation for the PDSCH transmission in partial slot.
3 Conclusions

In this contribution, we present the discussion on the DL signals and channels for NR-U operation. Based on our analysis, we have the following proposals:
Proposal 1: UE can be informed of the slot format for a gNB’s COT at the beginning of the COT.

Proposal 2: Additional SFI can be transmitted multiple times within a COT.

Proposal 3: Further study how to indicate the slot format for partial slot.
Proposal 4: UE is not required to perform PDCCH decoding outside a COT.
Proposal 5: Support Alt 1 + Alt 4 or Alt1 only if the Alt 4 has large impact on the implementation for the PDSCH transmission in partial slot.
References
[1] RP-182878, New WID on NR-based Access to Unlicensed Spectrum, Qualcomm 3GPP RAN 82nd meeting
[2] 3GPP RAN1 Ad-Hoc Meeting 1901 chairman-note
PAGE  
4/4

[image: image1][image: image4.png]2 symbols
data

3 symbols data

One slot

. LBT success . Scheduling grant




[image: image5.png]7 symbols data
transmission

7 symbols data
transmission

7 symbols data
transmission
Slot pboundary

Slot 1 Slot 2

. LBT success




