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Introduction
In 3GPP RAN1 AH1901, the following agreement was reached:
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 discuss our views on using DM-RS for detection of a transmission burst, dynamic PDCCH monitoring, COT structure indication, PDSCH transmission and CSI-RS.

Transmission burst detection and PDCCH monitoring
In RAN1 AH1901 it was agreed that the presence of a signal such as DMRS in a PDCCH transmission can be used by the UE to detect a transmission burst by the serving gNB. At its simplest, the UE can be configured with a DM-RS resource which it may attempt to detect. Such a DM-RS resource can be considered a COT indicating DM-RS configuration. Upon successful detection of the configured DM-RS, the UE can assume that the serving gNB has acquired the unlicensed channel serving the UE.
To monitor the COT indicating DM-RS, the UE can be configured with a PDCCH DM-RS monitoring pattern for COT indication. The UE therefore does not need to monitor multiple search spaces associated with multiple CORESETs with high levels of granularity outside of a COT to enable fine granularity of COT starting points. Furthermore, the UE does not need to perform power consuming PDCCH BD unnecessarily outside of a COT.
Therefore, a successful detection of the COT indicating DM-RS in a PDCCH DM-RS monitoring occasion should be used by the UE to dynamically switch its PDCCH monitoring, for that and possibly other search spaces. A UE could be configured with multiple PDCCH monitoring configurations per search space. For example the PDCCH DM-RS monitoring periodicity and offset can be switched to a less intensive monitoring pattern once a COT indicating DM-RS has been detected by the UE. Furthermore, the PDCCH monitoring configurations for each search space can have a first PDCCH monitoring configuration used for out-of-COT monitoring (possibly to address cases where a UE misses a COT indicating DM-RS), a second PDCCH monitoring configuration used for the beginning of a COT (e.g. to enable mini-slot scheduling in a possibly incomplete slot), and a third PDCCH monitoring configuration used for the remainder of a COT.

Proposal 1:	A UE is configured with a PDCCH DM-RS monitoring configuration to enable PDCCH DMRS monitoring for COT indication.
Proposal 2:	A UE is configured with multiple PDCCH monitoring configurations per search space to enable varying PDCCH monitoring patterns for resource allocation..
Proposal 3:	Upon detection of a COT indicating DM-RS, the UE switches PDCCH monitoring configurations for at least one search space to enable PDCCH monitoring for resource allocation.
Proposal 4:	A UE can use a first PDCCH monitoring configuration for the partial-slot beginning of a COT and switch to a second PDCCH monitoring configuration for the remaining full slots of a COT.

Wideband Operation
For wideband operation, it has been agreed that for DL, a gNB may transmit PDSCH on parts or whole of a single active BWP, where an active BWP may be composed of multiple LBT subbands [3]. For full flexibility, the UE needs to be able to detect the gNB’s acquisition of any set of, possibly contiguous, LBT subbands. Applying the single LBT subband operation principle and assuming the use of PDCCH DM-RS monitoring for COT indication, requires that a UE monitor different DM-RSs in every LBT subband. Furthermore, to ensure appropriate PDCCH monitoring, the detection of each COT indicating DM-RS should be tied to dynamically switching at least one PDCCH monitoring configuration in the associated LBT subband. However, this maycause a large increased in PDCCH monitoring complexity. For example, if the network acquires all LBT subbands of a BWP, the UE could detect all configured COT indicating DM-RSs in each LBT subband. The UE would then switch PDCCH monitoring configurations for search spaces in every LBT subband. This might lead to cases where the UE must monitor too many search spaces or must drastically reduce the number of PDCCH blind decodes due to a large number of CCE channel estimates.
Instead a UE should be configured with multiple COT indicating DM-RS resources, each pointing to a different set of LBT subbands and each leading to a set of PDCCH monitoring configuration switches for a set of search spaces. For example, a UE detecting a first COT indicating DM-RS may be configured to assume all LBT subbands are acquired. The UE can then switch the PDCCH monitoring configurations for a set of search spaces. On the other hand, if the UE detects a second COT indicating DM-RS configuration, it may assume that a configured subset of LBT subbands has been acquired. In such a case, the UE can switch the PDCCH monitoring configuration for a different set of search spaces. The link between COT indicating DM-RS configuration, acquired LBT subband assumption and PDCCH monitoring configuration per search space can be modified via RRC configuration. Figure 1 shows an example where a UE configured with 3 COT indicating DM-RS configurations can determine the appropriate set of active LBT subbands and also the associated PDCCH monitoring configurations based on the detection of a COT indicating DM-RS.


[bookmark: _Ref1048417]Figure 1 Multiple COT indicating DM-RS indicating different active LBT Subbands

[bookmark: _Hlk961150][bookmark: _GoBack]Proposal 5:	A UE is configured with a set of COT indicating DM-RS configurations each linked to a set of active LBT subbands and to a set of PDCCH monitoring configuration switches for a set of search spaces.
COT structure indication
As discussed above, the COT indicating DM-RS can effectively activate PDCCH monitoring in a set of search spaces. In wideband operation, the UE should not be expected to monitor PDCCH in every acquired LBT subband. Therefore, the UE could be unaware of the actual acquired set of LBT subbands. However, the COT structure indication should nevertheless include the set of LBT subbands, especially if it is not clear from the detected COT indicating DM-RS. This indication is important, given that wideband COTs should be sharable, and thus the UE should be aware of the set of LBT subbands that are available for UL in a gNB-acquired COT.
At RAN1 AH1901 a proposal was discussed that states that information should be transmitted to the UE(s) regarding COT structure [4]. The proposal includes having additional SFI entries for partial slots. There is a need to modify the Slot Format Indicator (SFI) currently specified in NR Release 15 as the current SFI is constructed for complete slots. This is to enable UEs to identify the time domain COT structure based on the possibility of partial slots at the beginning of the COT.

Proposal 6:	NR-U should consider defining new entries in the SFI table to account for partial slots due to the COT starting immediately after a successful LBT.
DL Data
In the Study Item, single and multiple DL to UL and UL to DL switching points within a shared gNB COT were identified to be beneficial with LBT requirements to support single or multiple switching points identified. In addition, support of multiple PDSCH starting positions for the DL data channel was agreed on [2].
In [2], for uplink transmission, scheduling multiple TTIs for PUSCH transmission using a single UL grant or separate UL grants in the same PDCCH monitoring occasion have been identified as beneficial. However, there is no corresponding agreement for the PDSCH.
For single and multiple DL-to-UL or UL-to-DL switching within a shared gNB COT, and with a gap of up to 16µs, no-LBT can be used. In this case there is no need for any changes to the NR Release 15 DL data channels for use in NR-U. However, when the gap exceeds 16µs one-shot LBT is needed. This may occur for example in a scenario with 15 kHz SCS where the OFDM symbol duration is around 71 msec. In this case, there is a possibility that there may be an LBT failure and no guarantee of available resources, and scheduling cannot be done in a deterministic manner. As such, multiple LBT attempts may be made. 
[bookmark: _Hlk525913125]To enable PDSCH transmission in this scenario, the PDCCH, combined with higher layer signaling, may configure multiple transmission opportunities for data or signal transmission. If transmission in one resource is successful, the additional transmission opportunities can be reallocated by the gNB and ignored by the UE. If the transmission in one resource fails, the additional transmission opportunities may be used by the gNB without the need for additional signaling and the UE is going to monitor PDSCH on those additional resources. This may be important for a DL data channel in which a DCI with slot aggregation is used to schedule data transmission over multiple downlink slots that span transmission over single or multiple switching points within a shared gNB COT as illustrated in Figure 2 as it reduces the need for additional signaling to allocate resources in the middle of the aggregation. 


[bookmark: _Ref534913818]Figure 2 Multiple Transmission Opportunities for DL data channel
Proposal 7:	Scheduling multiple transmission opportunities for PDSCH over multiple TTIs each using a separate DL grant in the same PDCCH monitoring occasion is beneficial and should be supported in NR-U.
CSI-RS
NR Release 15 supports aperiodic CSI-RS, semi-persistent CSI-RS and periodic CSI-RS and may be transmitted independently of a DL data transmission.
For aperiodic CSI-RS, in the case that there is no need for LBT (e.g. < 16 us), the existing NR aperiodic CSI-RS mechanism can be used in NR-U. However, in the case that the value of the aperiodic triggering offset in the DCI requires that there is a need for LBT before the CSI-RS is sent, NR-U should consider enabling multiple CSI-RS transmission opportunities for the transmission of the aperiodic CSI-RS.
This may be implemented by allocating separate CSI-RS resources for each transmission opportunity or creating a CSI-RS resource window within which the UE may monitor for the transmission of the CSI-RS as illustrated in Figure 3.


[bookmark: _Ref950897]Figure 3: Aperiodic CSI-RS for NR-U with LBT
For periodic and semi-persistent CSI-RS, the possibility of LBT failure means that it may be difficult to schedule the transmission of CSI-RS with fixed periodicity. LBT failure may occur where the gNB is not in possession of the channel at the desired time or where there may be multiple switching points within a shared gNB COT. 
For SS/PBCH block transmission in NR-U DRS, it has been identified as beneficial to include CSI-RS and RMSI-CORESET(s) and RMSI-PDSCH(s) in the same contiguous burst when transmission of CSI-RS/RMSI are configured [2]. This mechanism may be used to approximate periodicity for periodic or SPS CSI-RS. However, in the case that the minimum periodicity of the NR-U DRS is larger than the periodicity needed for the CSI-RS, additional solutions are needed.
To allow for more flexibility in scheduling, NR-U should consider configuring a CSI-RS resource window for periodic or semi-persistent CSI-RS resources. Note that a CSI-Report window may be configured independently of the CSI-RS resource for periodic or semi-persistent CSI-reporting. This mechanism (and the corresponding CSI feedback) is illustrated in Figure 4.


[bookmark: _Ref950908]Figure 4: Periodic/SP CSI-RS and Periodic/SP CSI-reporting

Proposal 8:	For aperiodic CSI-RS, NR-U should consider enabling multiple CSI-RS resource transmission opportunities in the case that LBT is needed before the CSI-RS transmission.
Proposal 9:	For periodic and semi-persistent CSI-RS, NR-U should consider configuring a dedicated CSI-RS resource window that is transmitted in a periodically occurring time window that has a fixed duration, a configurable period and is subject to LBT.

Summary
This contribution discussed some details regarding the DL channels for NR-Unlicensed. In the following, the discussed proposals are listed:   
Proposal 1:	A UE is configured with a PDCCH DM-RS monitoring configuration to enable PDCCH DMRS monitoring for COT indication.
Proposal 2:	A UE is configured with multiple PDCCH monitoring configurations per search space to enable varying PDCCH monitoring patterns for resource allocation..
Proposal 3:	Upon detection of a COT indicating DM-RS, the UE switches PDCCH monitoring configurations for at least one search space to enable PDCCH monitoring for resource allocation.
Proposal 4:	A UE can use a first PDCCH monitoring configuration for the partial-slot beginning of a COT and switch to a second PDCCH monitoring configuration for the remaining full slots of a COT.
Proposal 5:	A UE is configured with a set of COT indicating DM-RS configurations each linked to a set of active LBT subbands and to a set of PDCCH monitoring configuration switches for a set of search spaces.
Proposal 6:	NR-U should consider defining new entries in the SFI table to account for partial slots due to the COT starting immediately after a successful LBT.
Proposal 7:	Scheduling multiple transmission opportunities for PDSCH over multiple TTIs each using a separate DL grant in the same PDCCH monitoring occasion is beneficial and should be supported in NR-U.
Proposal 8:	For aperiodic CSI-RS, NR-U should consider enabling multiple CSI-RS resource transmission opportunities in the case that LBT is needed before the CSI-RS transmission.
Proposal 9:	For periodic and semi-persistent CSI-RS, NR-U should consider configuring a dedicated CSI-RS resource window that is transmitted in a periodically occurring time window that has a fixed duration, a configurable period and is subject to LBT.
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