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1 Introduction
At the last RAN plenary meeting, RAN approved a work item description on NR-based access to unlicensed spectrum [1]. RAN1 started discussing the work item in RAN1 AH 1901 in January and predominantly discussed UE power savings. The following was agreed:
	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 this contribution, we present further details on aspects related to the design of DL signals and channels for NR-U.
2 Design of DL signals and channels for NR-U
For PDSCH transmissions at the beginning of the gNB's COT, the TR captures the following agreements [2]:
	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.

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. The options are not mutually exclusive.

-
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


Rel. 15 NR prioritized three mini-slot lengths for PDSCH mapping type B, namely, {2,4,7} OFDM symbols. Two and four OFDM symbols were motivated by the SSB transmission duration for various subcarrier spacings. This allows to align the PDSCH transmission duration with that of an SSB and thereby to multiplex the two on the same analog beam using the same RF hardware in a frequency-division manner. Mini-slots of length 7, on the other hand, were introduced in lieu of specifying slots of length 7 OFDM symbols as proposed during the NR study item. 

Originally, the Rel. 15 mini-slot design was meant to be fully flexible supporting any duration and any starting symbol. Ultimately, however, only the aforementioned three lengths of {2,4,7} OFDM symbols were specified as part of a prioritization exercise conducted by RAN in 2017. It is, however, possible to start a PDSCH with mapping type B on any OFDM symbol even in Rel. 15.

Due to clear-channel assessment and LBT procedures, the network cannot guarantee that the channel becomes available exactly at the slot boundary. Rather, this may happen at any given time. Nevertheless, especially for LAA, it may still be desirable to have licensed and unlicensed carriers time aligned especially in a carrier aggregation framework. Hence, the NR-U slot boundary is determined by the PCell at least in LAA.

To reconcile these two contradicting requirements, alignment of the slot boundary with random transmission starting symbols, several techniques have been contemplated in LTE such as the floating subframe or the reservation signal. In NR, additional techniques can be leveraged due to the flexible frame structure and numerology of the air interface. 

The time between a positive clear-channel assessment and the next slot boundary can be occupied by a mini-slot transmission. In Rel. 15 the UE can already be configured to monitor for a PDCCH transmission on any symbol. Assuming PDSCH mapping type B will also be specified for mini-slots of length {1,3,5-6,8-13} OFDM symbols, the network can then start transmitting on any symbol. The first symbol(s) would always contain a PDCCH followed by a PDSCH spanning the remaining symbols until the slot boundary.

Proposal 1: Specify PDSCH mapping type B for mini-slots of length {1,3,5-6,8-13} OFDM symbols
For the case where the transmission commences in the latter half of a slot, it would be very inefficient to have another PDCCH right at the beginning of the subsequent slot. Hence, it should be possible for a PDCCH in the middle of a slot to schedule a PDSCH that spans the partial and subsequent slot. In other words, a PDSCH with mapping type B can be aggregated with a PDSCH with mapping type A. Alternatively, additional PDSCH lengths for mapping type B could be specified beyond the 13 OFDM symbol limit, e.g., 15-27 symbols. 

A similar situation occurs at the end of the burst when the COT does not align with the slot boundary. Either, the partial slot incorporating the end of the COT can be scheduled separately using a PDSCH of mapping type A or B, or, alternatively, to minimize the control channel overhead, the partial slot at the end of the COT can be aggregated with the previous slot. 

Proposal 2: Specify either the aggregation of partial slots with full slots using both PDSCH mapping type A and B or, alternatively, specify additional PDSCH lengths for mapping type B beyond the 13 OFDM symbol limit, e.g., 15-27 symbols 

Transmission burst detection was heavily discussed during the study item phase and concerns on the UE power consumption were raised. The following is captured in the TR [2]:
	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.


Monitoring for a PDCCH on each and every OFDM symbol may be too power consuming. For one, it prevents any opportunity for micro-sleep cycles of the UE hardware. Moreover, blind decoding is generally considered a computationally complex task at the UE chipset. This is why other technologies such as IEEE 802.11 rely on energy detection instead.

A preamble can generally serve three use cases, two of which are valid at the link-level and thus for a single gNB and a single UE. The third one is for networks of base stations and UEs and applicable at the system-level. Firstly, a preamble can be used to derive self-contained transmission bursts. In licensed bands, radio access technologies usually rely on periodic signals for tracking, synchronization, channel estimation, and so forth. Alternatively, a preamble-like reference signal can be used for these purposes thereby alleviating or obviating the need for periodic transmissions of CSI-RS, SSB, TRS … 

Secondly, preambles can be used for correlator-based energy detection. The reason blind decodes of PDCCH candidates are complex and power consuming is the involvement of FEC. Correlator-based  energy detection at small time intervals is much friendlier to battery life as opposed to frequent blind detection of PDCCH candidates. Instead of using costly blind decodes to monitor for potential PDCCH candidates, a UE may only initiate decoding of a PDCCH candidate after successful correlator-based energy detection.  Such correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble whereby a dedicated preamble could also be used to serve other purposes such as coexistence as well as CSI acquisition and fine time/frequency tuning. 

Proposal 3: A UE initiates decoding of a PDCCH candidate after successful correlator-based energy detection

· Correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble 
· A dedicated preamble could also be used to serve other purposes such as coexistence as well as CSI acquisition and fine time/frequency tuning
Further energy savings at the UE can be obtained within a COT as captured in the TR [2]. 

	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.


NR Rel. 15 defines slot based and non-slot based scheduling: 

· Case 1: PDCCH monitoring periodicity of 14 or more symbols

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

Since a gNB can grab the channel at any time, PDCCH monitoring case 2 is beneficial to reduce the latency of NR-U. However, PDCCH monitoring case 2 comes at the expense of increased power consumption at the UE. The benefits of both PDCCH monitoring periodicities, i.e., the power efficiency of case 1 and the reduced overhead and latency of case 2, could be harnessed by switching between the two cases depending on whether a UE has been scheduled or not. For example, a UE may monitor for PDCCH candidates according to case 2. When a DL or UL assignment is received, in switches to PDCCH monitoring case 1 for the COT duration. Thereafter, it resumes PDCCH monitoring according to case 2.

Proposal 4: Support dynamic switching between PDCCH monitoring case 1 and case 2. A UE monitors for PDCCH candidates according to case 2. When a DL or UL assignment is received, in switches to PDCCH monitoring case 1 for the COT duration. Thereafter, it resumes PDCCH monitoring according to case 2.
The COT structure may be signaled to the UE by means of the GC-PDCCH as captured in the TR [2]:

	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.


However, some enhancements are needed. In Rel. 15 when the UE does not detect a GC-PDCCH it switches to monitoring the PDCCH instead. In other words, Rel. 15 is designed in such a way that successful detection of a PDCCH does not hinge upon successful detection of a GC-PDCCH first. The intended behaviour in NR-U, however, is opposite. Since the GC-PDCCH indicates the COT structure, it implicitly signals the beginning of a COT. Hence, if no GC-PDCCH is detected, LBT was negative and the UE shall not monitor for PDCCH. If, however, a GC-PDCCH is detected the UE shall monitor the PDCCH according to the COT structure. 

Furthermore, according to Rel. 15, DCI format 2_0 can only be transmitted using case 1 PDCCH monitoring. In other words, a UE cannot be configured to receive DCI format 2_0 on any OFDM symbol. A COT, however, can begin on any OFDM symbols. Hence, if DCI format 2_0 is used to indicate the COT structure, additional enhancements are needed relating to the procedures according to which a UE monitors the GC-PDCCH.
Proposal 5: If DCI format 2_0 is used to indicate the COT structure, additional enhancements are needed relating to the procedures according to which a UE monitors the GC-PDCCH. 

· A UE can be configured to monitor for a GC-PDCCH on any OFDM symbol

· If a UE does not detect a GC-PDCCH where it was configured to monitor for one, it does not commence monitoring for a PDCCH instead
3 Conclusion

This contribution presented our views on aspects related to the design of DL signals and channels for NR-U. The following is proposed: 

Proposal 1: Specify PDSCH mapping type B for mini-slots of length {1,3,5-6,8-13} OFDM symbols
Proposal 2: Specify either the aggregation of partial slots with full slots using both PDSCH mapping type A and B or, alternatively, specify additional PDSCH lengths for mapping type B beyond the 13 OFDM symbol limit, e.g., 15-27 symbols 

Proposal 3: A UE initiates decoding of a PDCCH candidate after successful correlator-based energy detection

· Correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble 
· A dedicated preamble could also be used to serve other purposes such as coexistence as well as CSI acquisition and fine time/frequency tuning

Proposal 4: Support dynamic switching between PDCCH monitoring case 1 and case 2. A UE monitors for PDCCH candidates according to case 2. When a DL or UL assignment is received, in switches to PDCCH monitoring case 1 for the COT duration. Thereafter, it resumes PDCCH monitoring according to case 2.
Proposal 5: If DCI format 2_0 is used to indicate the COT structure, additional enhancements are needed relating to the procedures according to which a UE monitors the GC-PDCCH. 

· A UE can be configured to monitor for a GC-PDCCH on any OFDM symbol

· If a UE does not detect a GC-PDCCH where it was configured to monitor for one, it does not commence monitoring for a PDCCH instead
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