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1. Introduction

In RAN1#94bis and RAN1#95 meetings [1]-[2], we made following agreements related to physical layer design of DL signals and channels for NR-U.

	Agreement:
· Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.

· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.

Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. 

· Adopt the following text proposal to reflect the above

· “Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.

As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.”

Agreement:
Adopt the following text for the TR:

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. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s); consensus was not achieved on any of these proposals. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. The power consumption and detection/decoding complexity of each of the proposals have not been sufficiently evaluated for a complete evaluation of the proposals against each other. The relation of a proposal with C-DRX and/or measurement gap(s) may need further consideration when specifications are being developed.

Agreement:

Adopt the following text for the TR:

Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.

Agreement:

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.

· 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.

Agreement:
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.


In this contribution, we discuss a mechanism to detect gNB’s transmission, PDCCH/PDSCH, and COT structure indication for NR-U operation.
2. Mechanism to detect gNB’s transmission
In RAN1#95 meeting, following candidates were discussed to detect gNB’s transmission for UE power saving but consensus was not reached.

· NR signal(s) with potential enhancement(s)
· NR channel such as PDCCH with potential enhancement(s)
· IEEE 802.11a/802.11ax preamble with potential enhancement(s)
It should be noted that transmission or detection of 802.11a/ax preamble can lead to significantly higher implementation complexity considering different numerology between NR and Wi-Fi. Furthermore, it seems undesirable that NR-U operates with a signal relying on other standardization. Therefore, the mechanism to detect gNB’s transmission should be based on existing signals/channels in NR.
Proposal #1: NR-U gNBs and UEs are not expected to transmit and receive IEEE 802.11 signals/channels.

In order for a UE to identify serving cell’s DL transmission for NR-U, a specific signal or channel can be configured (or pre-defined) for the UE. In this case, (if configured,) the UE normally can try to detect/decode the specific signal or channel without any additional PDCCH monitoring. Once the UE detects/decodes the signal or channel, the UE can expect the following several symbol/slot(s) including the current slot as DL symbol/slot(s). The duration of expected DL symbol/slot(s) after detection/decoding of the signal or channel can be carried on the signal or channel. Possible candidates for the signal or channel can be PSS/SSS, PBCH DM-RS, CSI-RS (for tracking), PDCCH (wideband) DM-RS, and PDCCH.
Proposal #2: For a UE to identify serving cell’s DL transmission for NR-U, consider following signals/channels in NR as candidates for the signal with potential modification from NR.

· PSS/SSS
· PBCH DM-RS
· CSI-RS (for tracking)
· PDCCH (wideband) DM-RS

· PDCCH
3. PDCCH
In RAN1#95 meeting, it was agreed that the support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s) index 0 in NR-U with the understanding that Pattern 1 implies CORESET(s) index 0 and SS/PBCH block(s) occur in different time instances, and CORESET index 0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. From our understanding, at least following aspects should be considered to determine whether any enhancement from Rel-15 NR is necessary or not.
· PDCCH (scheduling PDSCH carrying RMSI) monitoring occasions associated with one SS/PBCH block are configured with two consecutive slots. ( If the PDCCH is transmitted in the second configured slot, corresponding PDSCH and SS/PBCH block in the slot may not be transmitted within the same slot if they are not QCL-ed.

· If two CORESETs index 0 can be configured within a slot, the symbol position of the second CORESET index 0 is next to the last symbol of the first CORESET index 0. ( If each CORESET index 0 is configured with two OFDM symbols, the starting symbol position of the second CORESET index 0 is third OFDM symbol, which can be overlapped with the first SS/PBCH block in the same slot.
According to the above observations, we suggest some modifications of SS/PBCH block and CORESET index 0 configuration for NR-U operation. Firstly, the basic unit for the transmission including a SS/PBCH block and RMSI associated with the SS/PBCH block should be one slot or half-slot. This would be advantageous for simple transceiver behaviour since one basic unit can be simply dropped or deferred if LBT fails. Secondly, it would be better to have multiple candidate positions for CORESET index 0 to provide more opportunities for RMSI PDCCH transmission considering its LBT failure.
Based on above principles, we propose an example on the method for multiplexing between SS/PBCH block and RMSI, as shown in Figure 1. In detail, SSB#n and CORESET index 0 associated with SSB#n (also SSB#n+1 and CORESET index 0 associated with SSB#n+1) are located within the same half-slot, and there are two candidate positions (i.e., symbol 0 or 1 for CORESET index 0 associated with SSB#n and symbol 7 or 8 for CORESET index 0 associated with SSB#n+1). In this case, even if LBT fails at symbol 0 boundary, gNB can try LBT again before symbol 1 boundary and can start transmitting SSB and associated RMSI in the slot if LBT succeeds before symbol 1 boundary. Alternatively, 2-symbol CORESET index 0 can be configured from symbol 0 or 7.
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Figure 1. Example of SSB transmission with RMSI

Proposal #3: Design SS/PBCH block and associated RMSI multiplexing for NR-U operation, with following principles.
· Basic unit for the transmission including a SS/PBCH block and RMSI associated with the SS/PBCH block as one slot or half-slot
· Provisioning multiple candidate positions for CORESET index 0
With the help of various starting symbols supported by NR, DL transmission burst can start from the instance when LBT has succeeded and finish at the middle of a slot, as depicted in Figure 2. For this operation, UE may need to be configured to monitor PDCCH occasions with a periodicity shorter than slot duration. To reduce UE’s decoding complexity and battery consumption, UE’s PDCCH monitoring occasion may be adapted depending on whether DL transmission burst is detected by the UE or not. As shown in Figure 2, before a DL transmission burst is detected, UE may continue PDCCH detection over PDCCH monitoring occasions defined multiple times within a slot. Then, after the first slot(s) of detected DL transmission burst, UE may perform PDCCH monitoring with longer (e.g., slot-level) periodicity until the DL transmission burst finishes. Alternatively, PDCCH monitoring periodicity can be dynamically indicated via each of transmission burst. In addition, in order to help efficient recovery of partial data transmission due to channel access failure, it may be necessary to introduce an adequate PDSCH coded bits to resource mapping (e.g., by aligning symbol boundary and CBG).
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Figure 2. Example of DL transmission burst and PDCCH monitoring occasions

Proposal #4: Support the procedure that the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.

As for BWP-based DL operation within a carrier with bandwidth larger than 20 MHz, it has been discussed that gNB may transmit DL signals/channels on parts of the activated BWP where CCA is successful at gNB. To cope with this situation, the following enhancements can be considered for the flexibility of PDCCH transmission.

· CORESET is configured to be mapped within a LBT sub-band.

· If it is necessary to consider configuring CORESET to be mapped across multiple LBT sub-bands, a PDCCH candidate can be mapped to be confined within a LBT sub-band.

· The number of PDCCH BD candidates per LBT sub-band is adapted based on actually transmitted LBT sub-band(s) (e.g., allocating N/2 PDCCH BD candidates per each of two LBT sub-bands #1 and #2 in case when both LBT sub-band #1 and #2 are transmitted by gNB while allocating N PDCCH BD candidates only for LBT sub-band#1 in case when only LBT sub-band#1 is transmitted by gNB).

Proposal #5: In case when gNB transmits DL signals/channels on parts of the activated BWP where CCA is successful at gNB, the following enhancements for PDCCH can be considered.

· CORESET is configured to be mapped within a LBT sub-band.

· If it is necessary to consider configuring CORESET to be mapped across multiple LBT sub-bands, a PDCCH candidate can be mapped to be confined within a LBT sub-band.
· The number of PDCCH BD candidates per LBT sub-band is adapted based on actually transmitted LBT sub-band(s).

4. PDSCH
In RAN1#94bis meeting, the following 4 options were 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

Especially for Option 2, the following potential specification impacts can be considered.

· TBS determination based on SLIV information signalled in the DCI scheduling the punctured PDSCH, which may imply DCI information does not change regardless of whether PDSCH is punctured or not depending on LBT outcome
· Derivation of starting/ending symbol index for the punctured PDSCH based on e.g., the resource used to transmit PDCCH carrying the DCI (or corresponding CORESET)

· Derivation of DM-RS symbol index for the punctured PDSCH e.g., based on SLIV information signalled in the DCI or derived by starting and/or ending symbol index
Proposal #6: For punctured PDSCH depending on LBT outcome, as one of possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst, at least the following specification impacts have been identified.

· TBS determination based on SLIV information in the DCI scheduling the punctured PDSCH
·  Note: It may imply DCI information does not change regardless of whether PDSCH is punctured or not depending on LBT outcome

· How to derive starting/ending symbol index for the punctured PDSCH

· How to determine DM-RS symbol index for the punctured PDSCH

5. COT structure indication
In RAN1#94bis meeting, it was agreed that the indication of the COT structure in the time domain has been identified as being beneficial. More specifically, at least following advantages can be taken by indicating COT structure for NR-U.
· During indicated DL symbol/slot(s), UE can perform PDCCH monitoring, PDSCH reception, CSI measurement, and so on, same as Rel-15 NR.
· During indicated/shared UL symbol/slot(s), UE can perform dynamically indicated and/or higher layer configured UL transmission, same as Rel-15 NR.

· UE power saving by turning off PDCCH monitoring during UL symbol/slot(s)

· Category 1 or 2 LBT for UL transmission within indicated gNB’s COT

It seems necessary to further discuss whether NR DCI format 2_0 can be used to indicate COT structure in the time domain or new DCI format and corresponding behaviour need to be defined for NR-U operation. If current DCI format 2_0 is reused, higher layer configured reception/transmission will not be performed in case that a UE does not receive DCI format 2_0 for the corresponding symbol/slot(s) for which ‘flexible’ is configured by higher layer signalling. However, considering DCI format 2_0 might not be transmitted due to LBT failure, it seems beneficial that higher layer configured reception/transmission can be performed even in this case.
Proposal #7: In order to indicate COT structure in the time domain, discuss whether DCI format 2_0 can be used or new DCI format and corresponding behaviour need to be defined for NR-U operation.

In addition to the functionality of time domain COT structure indication, we need to consider DL/UL resource alignment in frequency domain. In detail, if transmission BW occupied by a node initiating COT is smaller than operating/scheduled BW, the other node sharing the COT shall occupy the same (or less) BW for the initiating node. Therefore, we need to investigate how to inform DL/UL structure of acquired channel to UEs. For instance, UE-specific DCI or slot format indicator (SFI) indicated by group-common PDCCH in NR can be reused (or modified) to indicate DL/UL direction and shared resource both in frequency and time domain.

Additionally, in case that DCI format 2_0 indicates UL direction for symbols/slots, we may need to discuss whether UL symbols/slots outside gNB’s COT and that within gNB’s COT need to be separately indicated or not. This is because UE would be allowed to perform faster channel access only for UL symbol/slots within gNB’s COT.

6. Conclusion
In this contribution, we provided our views on a mechanism to detect gNB’s transmission, PDCCH/PDSCH, and COT structure indication for NR-U operation and proposals are as follows.
Proposal #1: NR-U gNBs and UEs are not expected to transmit and receive IEEE 802.11 signals/channels.

Proposal #2: For a UE to identify serving cell’s DL transmission for NR-U, consider following signals/channels in NR as candidates for the signal with potential modification from NR.

· PSS/SSS
· PBCH DM-RS
· CSI-RS (for tracking)
· PDCCH (wideband) DM-RS

· PDCCH
Proposal #3: Design SS/PBCH block and associated RMSI multiplexing for NR-U operation, with following principles.

· Basic unit for the transmission including a SS/PBCH block and RMSI associated with the SS/PBCH block as one slot or half-slot
· Provisioning multiple candidate positions for CORESET index 0

Proposal #4: Support the procedure that the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.

Proposal #5: In case when gNB transmits DL signals/channels on parts of the activated BWP where CCA is successful at gNB, the following enhancements for PDCCH can be considered.

· CORESET is configured to be mapped within a LBT sub-band.

· If it is necessary to consider configuring CORESET to be mapped across multiple LBT sub-bands, a PDCCH candidate can be mapped to be confined within a LBT sub-band.

· The number of PDCCH BD candidates per LBT sub-band is adapted based on actually transmitted LBT sub-band(s).

Proposal #6: For punctured PDSCH depending on LBT outcome, as one of possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst, at least the following specification impacts have been identified.

· TBS determination based on SLIV information in the DCI scheduling the punctured PDSCH
·  Note: It may imply DCI information does not change regardless of whether PDSCH is punctured or not depending on LBT outcome

· How to derive starting/ending symbol index for the punctured PDSCH

· How to determine DM-RS symbol index for the punctured PDSCH

Proposal #7: In order to indicate COT structure in the time domain, discuss whether DCI format 2_0 can be used or new DCI format and corresponding behaviour need to be defined for NR-U operation.
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