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Introduction
RAN #82 officially approved R16 work item on NR-based access to unlicensed spectrum. As part of the agreed WI objectives [1], the following will be specified:

	· [bookmark: _Hlk532422148]Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption


   

Specifically, in TR 38.889, the following proposals, as previously discussed in RAN1, were captured:
· Existing NR signal(s) with potential enhancement(s)
· A channel such as PDCCH with potential enhancement(s)
· The 802.11a/802.11ax preamble with potential enhancement(s).

In previous RAN1 meetings, several contributions were submitted discussing the possible design and use cases of “initial signal” (e.g. [5][6][7][8][9]). In addition, it was also discussed in RAN #81 [10] that adopting a preamble mechanism should be studied for 5GHz band for improving intra and inter-operator NR-U sharing, as well as a new sharing framework should be studied for new unlicensed bands <7GHz.

In RAN1 Ad-Hoc #1901 [11], the following agreement was made
	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 briefly discuss our view on the potential challenges and solutions to the design of DL signal that help detecting DL burst detection in unlicensed spectrum access for the purpose UE power saving, including potential enhancements to existing NR DL control signals.

Power saving for NR-U devices
In existing LAA, UE needs to monitor downlink control channel at the slot boundaries. It is known that control channel monitoring is power consuming, and in a typical “day of use” statistics, large portion of the control channel decoding happens in subframes where the UE receives no grant or scheduling. This issue could potentially be more notable in a loaded deployment in unlicensed spectrum, as the serving gNB may not even get access to the medium due to LBT failures. 

Further, this situation could potentially get worse in NR-U due to the support of flexible frame structure (e.g. mini-slot) and shorter TTI using scaled numerology. From spectrum utilization perspective, the flexible frame structure and shorter TTI can allow gNB to access the available channel faster and more efficiently. On the other hand, this also implies that UE will have to monitor the downlink control channel more often.

A low complexity “initial signal” for efficient detection of DL transmission burst could potentially help achieving a more favorable trade-off between medium access latency and UE monitoring complexity. As agreed in RAN1 Ad-Hoc #1901, such signal(s) should include the following information:
· Low complexity detection sequence (either reference signal or preamble) to avoid unnecessary blind decoding at lower cost.
· COT structure

It should also be emphasized that it is beneficial for the device to identify whether the transmission burst is initiated from the serving gNB, or another interfering gNBs, in which case UE can further decide whether or not to trigger “skipping” of control channel decoding. In this regard, it is also desirable to include cell identification inside the burst detection signal (or, initial signal). 

At high level, the whole procedure should contain at least two different steps: 
1) Detection of presence of a DL transmission burst (possibly including transmitter information)
2) Decoding of the COT length (possibly including transmitter information)

Detection of presence of a DL transmission
The detection of presence of a DL transmission should involve simple and low complexity operation, e.g. simple sequence correlation/detection, at the beginning of the burst. It may include transmitter identity, in which case the number of candidates at UE side should also be kept minimal (e.g. a small size neighbor list to maintain), or may be a common detection sequence, in which case the transmitter identity will be included in a later step processing.

Leveraging/enhancing existing NR signals
One possibility of leveraging existing NR signal is to use existing NR reference signal. However, there are some limitations:
· CORESET resource is configured by the serving gNB, including time (i.e. number of symbols) and frequency resources. This prevents UE from detecting non-serving gNB’s transmission burst
· Existing reference signal may not satisfy the CoB requirement of the 20Mhz, depending on CORESET configuration.

Therefore, it is desirable to support only a unique resource pattern (time/frequency) of wide-band reference signal, at least at the beginning of the COT, to facilitate UE detection of transmission burst, if RAN1 decides to proceed with DM-RS approach.

Defining a new cell-independent common pre-amble
Another approach is to adopt a common pre-amble design, similar as adopted/proven in Wi-Fi. This can be either existing Wi-Fi pre-amble or a new NR-based preamble. With a common preamble, the cell/transmitter information can be obtained at later step with COT length detection. A common pre-amble (i.e. not cell-dependent or time-dependent) can further simplify UE detection complexity and improve battery life.

Proposal 1: For detecting of presence of DL transmission burst, RAN1 to decide between the following:
· Option 1: leveraging and modifying existing NR reference signal, allowing a common time & frequency resource pattern, to simplify UE detection
· Option 2: Defining a new cell-independent common pre-amble.

COT length detection
As agreed in RAN1 Ad-Hoc #1901, UE should be able to extract COT structure from DL control channels. It is not only helpful to extra the CoT structure and UL/DL pattern from serving gNB, but also beneficial to extra the COT length from other transmitter as well. UE can use this information to make further decision on whether to “go-to-sleep”, depending on other factors.

[bookmark: _Ref1136816]Leveraging/enhancing existing GC-PDCCH
It was proposed that existing NR GC-PDCCH design already contain enough information on UL/DL pattern of each slot. Plus, existing R15 specification allows the network to flexibly concatenate multiple slots as indicate the concatenated pattern, which also may indicate information on COT length (at least in unit of slot).

However, existing R15 GC-PDCCH mechanism only allows UE to decode DCI 2-0 from the serving gNB:
· The SFI-RNTI is configured by serving gNB
· The DCI 2-0 only indexing to a SFI table, which is RRC configured by serving gNB
· The size of DCI 2-0 and bit-locations are also configured by the serving gNB
· The CORESET and search space are also configured by gNB
Therefore, a UE would not be able to decoding or interpret the DCI 2-0 from non-serving gNB and extract information on even the COT length.

In case RAN1 decides to proceed with COT structure detection using GC-PDCCH, it is desirable to extend the payload of the GC-PDCCH for usage in unlicensed spectrum as follows:
· Prepend the existing DCI 2-0 payload with a fixed size header, indicating COT length. For example, 4 bits can represent up to 16 slots in slot resolution, or up to 8 slots in half-slot resolution.
· Only allow a fixed size payload in DCI 2-0 for unlicensed spectrum, i.e. N is fixed. For example, only allow N=1, so that it always indicate COT length of just 1 sub-channel.
· Define a common CORESET and aggregation level configuration for GC-PDCCH for usage in unlicensed spectrum

This will potentially allow UE to detect COT length of certain interferer if necessary.

Observation 1: Existing R15 GC-PDCCH design does not support COT length detection from non-serving gNB, and require changes to facilitate COT structure detection in unlicensed spectrum.


Clean slate design with new DCI format
As shown in 2.2.1, substantial changes are needed on the existing GC-PDCCH design in order to leverage it for delivering COT length information to UEs from other cells. Another alternative would be simply defining a new DCI format with fixed configuration (targeting a 20Mhz sub-channel) for NR-U.

Preferrably, the new DCI format should include at least the following:
· Cell specific identifier: indicating transmitting cell.
· COT length

Proposal 2: For detecting COT length information, RAN1 to decide between the following:
· Option 1: modifying existing GC-PDCCH, including 
· Prepend existing GC-PDCCH payload with a fixed-size header containing COT length information
· Only allow a fixed size payload in DCI 2-0 for usage in unlicensed spectrum.
· Specify a common CORESET and aggregation level configuration for DCI 2-0 for usage in unlicensed spectrum
· Option 2: a clean slate design with new DCI format, including the following information in payload
· Cell specific identifier
· COT length
Conclusions
In this contribution, we discuss the possible options to facilitate DL transmission burst detection in NR-U and COT structure detection for the purpose UE power saving. Specifically, we have the following observations:

Observation 1: Existing R15 GC-PDCCH design does not support COT length detection from non-serving gNB, and require changes to facilitate COT structure detection in unlicensed spectrum.

We also make the following proposals:

Proposal 1: For detecting of presence of DL transmission burst, RAN1 to decide between the following:
· Option 1: leveraging and modifying existing NR reference signal, allowing a common time & frequency resource pattern, to simplify UE detection
· Option 2: Defining a new cell-independent common pre-amble.

Proposal 2: For detecting COT length information, RAN1 to decide between the following:
· Option 1: modifying existing GC-PDCCH, including 
· Prepend existing GC-PDCCH payload with a fixed-size header containing COT length information
· Only allow a fixed size payload in DCI 2-0 for usage in unlicensed spectrum.
· Specify a common CORESET and aggregation level configuration for DCI 2-0 for usage in unlicensed spectrum
· Option 2: a clean slate design with new DCI format, including the following information in payload
· Cell specific identifier
· COT length
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