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Introduction
In the past few RAN1 meetings, the following agreements were drawn regarding DL signals and channels for NR-U [1, 2]:
Agreement (RAN1 ad-hoc 1901):
· 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
Agreement (RAN1 #97):
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 
· FFS: A duration of 14
· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)
· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.
· FFS: Some duration(s) are mandatory for the UE to support for initial access
· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 
· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI
· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15

In this contribution, we discuss several ongoing issues on DL signals and channels for NR-U focusing on partial slot PDSCH, DL burst detection and dynamic PDCCH monitoring for UE power saving, and channel occupancy indication. This contribution is a revision of R1-1907035.

Discussion
Partial slot PDSCH
To enhance the partial slot PDSCH transmission within a gNB COT, it was agreed to support additional durations other than 2/4/7 symbols for PDSCH mapping type B. It was introduced mainly for DL burst transmission in NR-U, but it is understood to be generally applicable for Rel-16 NR PDSCH.
There are a couple of remaining issues regarding the new type B durations. First one is applicability to the RMSI PDSCH in NR-U initial access. Our view on this issue is shown in a companion contribution [3].
Regarding the 14-symbol duration of type B, we think there is no strong motivation to support it under the current limitation that a PDSCH cannot cross a slot boundary. In addition, as a CORESET is assigned usually in the beginning of a slot, the 1st DMRS would anyway be shifted in order to avoid collision with a CORESET. Therefore, there would not be a practical benefit over existing mapping type A.
Observation 1: Supporting 14-symbol duration for mapping type B doesn’t seem to provide additional benefit over existing mapping type A.

In Rel-15 NR, DMRS position and UE processing time for PDSCH were defined based on extensive discussion and simulation campaigns for each mapping type and duration. Given the Rel-16 limited timeline, it seems impossible to follow the same step, i.e., optimize the design for each of the new type B durations. Instead, it is desirable to find simple solutions to minimize the specification effort.
The PDSCH DMRS consists of front-loaded DMRS and additional DMRS. On the position of the front-loaded DMRS, the Rel-15 rule can be applied, i.e., the DMRS is mapped on the 1st symbol unless there is a CORESET, in which case the DMRS is delayed to be later than the CORESET. For some durations, e.g., 8~13 symbols, additional DMRS may be needed to improve the CE accuracy against high UE velocity. For additional DMRS, configurable DMRS position can be supported. That is, multiple DMRS positions can be defined and gNB may configure one DMRS pattern depending on situation. This approach may help avoiding effort to find the best DMRS pattern for each duration, and is also in line with the goal of TEI16 agreed in RAN #84 [4]. For some durations, e.g., 8~13 symbols, double symbol DMRS can also be considered similar to the 7-symbol case.
The PDSCH processing time can similarly be defined by reusing the Rel-15 PDSCH processing time as much as possible. For example, Tproc,1 of the 4-symbol duration can be applied to 3-symbol duration, and Tproc,1 of the 7-symbol duration can be used for 5/6-symbol durations. For 8~13 symbols, Tproc,1 of the 7-symbol duration for type B or of the same number of symbols for type A can be used directly or with some modification.
Observation 2: The DMRS position and the processing time for PDSCH mapping type B with additional durations can be designed by reusing Rel-15 NR as much as possible.

Since a DL burst should be transmitted immediately after the LBT success, gNB may pre-process some PDSCH(s) and associated PDCCH(s) in advance. One possible gNB implementation is to prepare the 1st PDSCH with a fixed duration, e.g., 2 symbols, before LBT pass and process the subsequent PDSCHs after the LBT success. In such case, for partial slot transmission, up to 2 PDSCHs may be enough since the gNB can allocate any number of symbols to the 2nd PDSCH with mapping type B within the partial slot (assuming UE supports all durations).
This is illustrated in Fig. 1. A gNB-initiated COT starts at the 3rd symbol of a slot. gNB pre-processes the 1st PDSCH with 2-symbol duration and mapping type B and allocates it on 3~4th symbol of the 1st slot, and after the LBT success, encodes the 2nd PDSCH with mapping type B to allocate it on the remaining symbols of the 1st slot.
Under the above gNB implementation, some of the PDCCH MOs in the partial slot (PDCCH MOs in 7th, 9th, 11th, 13th symbol of the 1st slot in Fig. 1) may not be used for scheduling. Therefore, UE may skip PDCCH monitoring in the PDCCH MOs to reduce the power consumption. In this example, UE may monitor up to 2 PDCCH monitoring occasions in the partial slot regardless of the LBT success timing. This behaviour can be applied at least for UEs supporting all or most of PDSCH type B durations (as a UE capability).
Proposal 1: Consider a mechanism to reduce the number of PDCCH blind decodes for partial slot transmission in a gNB-initiated COT.



Fig. 1. PDCCH monitoring skipping in the beginning of a COT

Signals for DL burst detection
Mechanism for DL burst detection has been discussed mainly for power saving by prohibiting unnecessary PDCCH monitoring outside a gNB COT. If this mechanism is absent, UE should perform mini-slot level PDCCH monitoring (e.g., union of Phase B and Phase C monitoring) all the time, which is definitely inefficient. Meanwhile, if the mechanism is supported but UE misses the DL burst detection, the UE will not process the whole DL burst reception. Furthermore, gNB may not know the miss-detection until DTX is detected in the PUCCH resource for HARQ-ACK, and even after the DTX detection, there still is an ambiguity, e.g., gNB may not distinguish DL burst detection failure and a PDCCH detection failure. Therefore, the mechanism for DL burst detection should sufficiently be robust.
Among the candidate signals for DL burst detection, the GC-PDCCH reception with CRC confirmation is the most reliable method. The (GC-)PDCCH decoding performance can already be flexibly controlled in Rel-15 based on proper CORESET and search space configurations, which meets the reliability of up to 1E-6 (outcome of URLLC study). Additional complexity for decoding a GC-PDCCH seems not a problem because it comes just once per DL burst detection and no additional blind decoding is needed.
There is another proposal to utilize wideband DMRS as the initial signal. According to Phase 1 NR specification, it is natural that the PDCCH DMRS is transmitted as a part of PDCCH or GC-PDCCH. This is true for wideband DMRS as well, i.e., UE assumes the presence of wideband DMRS only in frequency cluster(s) of a CORESET where PDCCH was successfully detected. If wideband DMRS only is used for DL burst detection, such UE assumption on the PDCCH DMRS needs to be modified. In addition, to reduce the number of blind detections for the wideband DMRS, UE may need to assume the presence of wideband DMRS in every cluster of a CORESET (if multi-cluster CORESET is supported in NR-U as well), which is also not a part of Rel-15 behaviour.
Note that GC-PDCCH is already supported for channel occupancy indication in frequency domain, and it is being discussed to use it for channel occupancy time indication as well (refer to Section 2.4). The channel occupancy indication is not mandatory but practically it is necessary for UE to perform a reasonable amount of PDCCH monitoring especially for wideband operation. Therefore, it may not be additional burden to transmit GC-PDCCH for DL burst detection. When GC-PDCCH is not configured, UE may detect a DL burst based on reception of any PDCCH.
Proposal 2: When the GC-PDCCH is configured, UE performs DL burst detection based on the GC-PDCCH (and its DMRS) reception.

Dynamic PDCCH monitoring
The UE PDCCH monitoring behaviour in NR-U may depend on gNB’s LBT outcome. From the aid of DL burst detection mechanism, UE may skip PDCCH monitoring or perform few blind decoding(s) (depending on outcome of Section 2.2) outside the COT, from which the UE power consumption can be greatly reduced especially when the gNB’s channel occupancy rate is low.
On top of this, dynamic PDCCH monitoring change within a COT (from Phase B to Phase C) can offer additional BD savings. For example, UE may perform frequent (e.g., symbol-level) PDCCH monitoring to support non-slot PDSCH transmission(s) in the beginning of a gNB COT, and in the remainder of the COT, regular slot-based transmission can be performed with increased PDCCH monitoring periodicity (e.g., a slot or a group of slots). The phase transition boundary can be either predefined (e.g., boundary between 1st and 2nd slot) or configured from the gNB (e.g., via DCI or RRC signalling) to provide some flexibility.
If a UE acquired the COT information (e.g., the end of a COT), the UE can move back to Phase A at the end of the COT. If a UE detected the DL burst without provided the COT information (if this case is supported), it may assume the maximum COT duration to perform the phase transition to Phase A.
Proposal 3: Support dynamic PDCCH monitoring change within a COT (from Phase B to Phase C) on top of dynamic PDCCH monitoring change based on DL burst detection (from Phase A to Phase B/C).

On the other hand, it was agreed that NR-U supports multiple DL-to-UL and UL-to-DL switching points within a shared gNB COT. Therefore, a COT can include multiple DL bursts with a UL part or a paused duration in between. In this case, two interpretations can be considered with the phase transition for dynamic PDCCH monitoring:
· Alt. 1: Three phases per COT (e.g., Phase A-B-C within a COT as shown in Fig. 2(a))
· Alt. 2: Three (or two) phases per each DL burst (e.g., Phase A-B-C-B-C within a COT, 1st B-C for 1st DL burst and 2nd B-C for 2nd DL burst, as shown in Fig. 2(b))
Alt. 1 is simpler but ending position of a UL burst or a paused duration may not be flexible. Thus, if the flexibility in the location of the UL or paused duration is considered important, it may be desirable to apply the dynamic PDCCH monitoring for each DL burst.
Proposal 4: To clarify the dynamic PDCCH monitoring mechanism when there are multiple DL bursts within a COT.



Fig. 2. Dynamic PDCCH monitoring for two DL burst in a COT: (a) Alt. 1, (b) Alt. 2

Multiple CORESETs can be configured to provide different PDCCH monitoring patterns for different phases. However, this approach may unnecessarily increase the number of CORESETs monitored within a bandwidth part. Therefore, it is desirable to use a single CORESET to cover all the phases or at least to cover Phase B and Phase C. For example, different search space set configurations can be configured for different phases for a given CORESET.
On the other hand, UE may also perform PDCCH monitoring in UE-initiated COT if it is shared to gNB for DL transmission. Basically, this phase can be treated as similar to Phase B or Phase C although it belongs to Phase A according to the above classification. Details of this issue (including the need of a special treatment for this case) can be further discussed, by taking the configured grant UL aspects into account.
Proposal 5: Consider PDCCH monitoring in a DL duration of a UE-initiated COT.

Channel occupancy indication
In the wideband operation, the 2D channel occupancy information should be delivered to UE since the LBT is performed on a subband basis. That is, a certain time period, i.e., channel occupancy time (COT), and a set of LBT bandwidths, as channel occupancy information in frequency domain, can be occupied by gNB per LBT success and can be dynamically indicated to UE. In the last meeting, the following was agreed as a signalling mechanism for the frequency channel occupancy indication:
Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
Regarding the COT indication, on the other hand, it was agreed in RAN1 ad-hoc 1901 that PDCCH and/or GC-PDCCH will be used to indicate the COT structure. In our view, it is desirable that one indicator, i.e., GC-PDCCH, indicates both time and frequency occupancy information. Depending on situations, GC-PDCCH contents may include either the COT structure or the frequency channel occupancy or both.
Proposal 6: When GC-PDCCH is configured, UE can be indicated from GC-PDCCH with either the COT structure or the frequency channel occupancy (Tx bandwidth information) or both.

Fig. 3 describes an example of the frequency channel occupancy indication. A bandwidth part consists of L=3 LBT subbands, and gNB passes LBT in all the 3 LBT subband in the middle of slot n. GC-PDCCH is configured to deliver the channel occupancy information. As depicted in Fig. 3, the GC-PDCCH can be transmitted in the beginning of a COT and in the middle of a COT.



Fig. 3. An example of frequency channel occupancy indication (‘red’: GC-PDCCH)

To transmit GC-PDCCH in the beginning of a COT, the GC-PDCCH should be pre-processed before LBT success. However, due to LBT uncertainty, it is difficult to pre-determine the frequency channel occupancy information, e.g., bitmap of length L (number of LBT subbands). Here is one solution to resolve the problem.
When the GC-PDCCH is transmitted in the beginning of a COT, the GC-PDCCH can be transmitted per LBT subband and each GC-PDCCH can include information that only its own LBT subband is occupied. Since this information is independent of the LBT outcome, the GC-PDCCHs can be prepared in advance. For example, as shown in Fig. 3, the GC-PDCCH in the 2nd LBT subband can include ‘010’ meaning only the 2nd LBT subband is ‘on’, and the GC-PDCCH of the 3rd LBT subband can include ‘001’ meaning only the 3rd LBT subband is ‘on’.
UE can perform the GC-PDCCH monitoring in each LBT subband. In Fig. 3, UE successfully receives 2 GC-PDCCHs in the 2nd and the 3rd LBT subband and fails to detect it in the 1st LBT subband in the beginning of the COT. Then, if multiple GC-PDCCHs are detected at the same time, UE can perform ‘OR’ operation across the multiple bitmaps and the resulting bitmap can be used to interpret the frequency channel occupancy. In this example, UE acquires ‘010’ and ‘001’ from the 2nd and the 3rd LBT subband, respectively, and performs ‘OR’ operation to derive ‘011’, from which the UE assumes that gNB occupied the 2nd and the 3rd LBT subband.
In such manner, the channel occupancy information can be explicitly delivered to UE even in the beginning of a COT. Moreover, the size of GC-PDCCH contents, e.g., the size of DCI format 2_0, can be kept consistent irrespective of when it is transmitted.
On the other hand, when the GC-PDCCH is transmitted in the middle of a COT, there is no need of pre-processing. Thus, the GC-PDCCH can be transmitted as gNB desires, at any time and with any number of transmissions as long as it is transmitted where UE minotors it. In Fig. 3, gNB transmits a GC-PDCCH containing ‘111’ in slot n+3 on the 3rd LBT subband. The UE receiving the GC-PDCCH assumes all the 3 LBT subbands are occupied.
Observation 3: GC-PDCCH including (frequency) channel occupancy information can be successfully transmitted both in the beginning of a COT and in the middle of a COT.
Proposal 7: Frequency channel occupancy information is represented by a bitmap, each bit indicating on/off of each LBT subband. If multiple bitmaps are detected from multiple GC-PDCCHs at the same time, UE applies ‘OR’ operation across them.

[bookmark: _GoBack]Details on information of the COT structure have not been decided yet. Slot structure can be included in the COT structure information for dynamic indication of DL/UL/flexible symbols. The set of indicated slots can range from the slot where the COT structure indication is received to the COT ending slot. UE can implicitly determine where the COT ending slot is from the number of slots indicated by the SFI. COT ending symbol may need to be informed using a separate information. In our view, COT starting time (actual COT strat time from gNB perspective) is not beneficial to be known at UE. Together with the slot structure information, UE can also be indicated with whether the UL transmission in CG resources is allowed or not in the shared gNB COT.
Proposal 8: The COT structure information can include dynamic slot structure, COT ending time, and COT sharing information for CG UL transmission.

Conclusion
In this contribution, we share our view on DL signals and channels for NR-U. From the discussion, the following observations and proposals are drawn:
Observation 1: Supporting 14-symbol duration for mapping type B doesn’t seem to provide additional benefit over existing mapping type A.
Observation 2: The DMRS position and the processing time for PDSCH mapping type B with additional durations can be designed by reusing Rel-15 NR as much as possible.
Proposal 1: Consider a mechanism to reduce the number of PDCCH blind decodes for partial slot transmission in a gNB-initiated COT.
Proposal 2: When the GC-PDCCH is configured, UE performs DL burst detection based on the GC-PDCCH (and its DMRS) reception.
Proposal 3: Support dynamic PDCCH monitoring change within a COT (from Phase B to Phase C) on top of dynamic PDCCH monitoring change based on DL burst detection (from Phase A to Phase B/C).
Proposal 4: To clarify the dynamic PDCCH monitoring mechanism when there are multiple DL bursts within a COT.
Proposal 5: Consider PDCCH monitoring in a DL duration of a UE-initiated COT.
Proposal 6: When GC-PDCCH is configured, UE can be indicated from GC-PDCCH with either the COT structure or the frequency channel occupancy (Tx bandwidth information) or both.
Observation 3: GC-PDCCH including (frequency) channel occupancy information can be successfully transmitted both in the beginning of a COT and in the middle of a COT.
Proposal 7: Frequency channel occupancy information is represented by a bitmap, each bit indicating on/off of each LBT subband. If multiple bitmaps are detected from multiple GC-PDCCHs at the same time, UE applies ‘OR’ operation across them.
Proposal 8: The COT structure information can include dynamic slot structure, COT ending time, and COT sharing information for CG UL transmission.
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