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Introduction
In RAN1 ad-hoc 1901 meeting, the following agreements were drawn regarding DL signals and channels for NR-U [1]:
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 RAN1 #96, there were further discussions on several issues on DL signals and channels but no conclusion was made. In this contribution, we provide our view on the present issues on NR-U DL.

Discussion
Partial-slot PDSCH
For partial slot PDSCH transmission in the beginning of a gNB COT, various options have been discussed for several meetings, which include:
· 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
All the options except Option 1 may have considerable specification impact and additional implementation complexity. In Option 2, variable DMRS position for Type A resource allocation needs be introduced, and CBG-based retransmission is essential to recover the punctured code block(s). Option 3 and Option 4 may contain larger specification impact than Option 2. For example, to support Option 3, rules to determine DMRS position and relevant PDSCH processing time for each new PDSCH duration with Type B should be defined.
On the other hand, without such enhancement, PDSCH in Rel-15 NR provides enough flexibility on DL burst starting position (e.g., 1- or 2-symbol granularity) by proper combinations of existing Type B durations combined with symbol-level PDCCH monitoring configuration. Potential 1 symbol gain in the beginning of a COT may not be sufficient to motivate improvement for partial slot PDSCH at least within the Rel-16 timeline. Therefore, it is preferred to support Option 1 only for Rel-16 NR-U.
Proposal 1: In Rel-16 NR-U, there is no further enhancement to PDSCH to support partial-slot PDSCH transmission.

DL burst detection
To prohibit unnecessary UE PDCCH monitoring outside a gNB COT, mechanism for DL burst detection is being investigated. During offline discussion in RAN1 #96, options for DL initial signal were discussed and down-selected as the following:
· Alt. 3a: DMRS in GC-PDCCH together with GC-PDCCH content
· Alt. 3b: Wideband DMRS in GC-PDCCH together with GC-PDCCH content
· Alt. 6: Wideband DMRS in CORESET
· Alt. 2: DMRS in GC-PDCCH or CSI-RS (depending on configuration)
· Alt. 7: Wideband DMRS in CORESET transmitting GC-PDCCH
Among the options, Alt. 3a and Alt. 3b are considered as the most reliable approaches. First, the CRC check for GC-PDCCH content guarantees around 1E-6 reliability in decoding performance. Secondly, the use of the wideband DMRS provides better detection performance and lower BD complexity than the narrowband DMRS. Alt. 3b satisfies those conditions, and considering that Alt. 3b is an implementation option of Alt. 3a, Alt. 3a with larger flexibility is also acceptable.
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 Alt. 6 or Alt. 7 is to be supported, such UE assumption on the PDCCH DMRS needs to be modified. In addition, to reduce the number of DMRS blind detections, 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. However, there is no such issue in Alt. 3a and Alt. 3b.
Proposal 2: In NR-U, [wideband] DMRS in GC-PDCCH together with GC-PDCCH content is used for DL burst detection.

Dynamic PDCCH monitoring
In NR-U, as discussed in the previous sections, UE PDCCH monitoring behaviour may depend on gNB’s LBT outcome. UE may not need to perform PDCCH monitoring (depending on DL burst detection mechanism) outside the COT, and UE may need to monitor PDCCH more frequently in the beginning of the gNB COT since the LBT may pass in the middle of a slot. Accordingly, the following three step PDCCH monitoring can be considered.
In outside of gNB COT (Phase A), UE may monitor DL initial signal only. If the initial signal is PDCCH DMRS only, UE may not perform PDCCH blind decoding in Phase A, and if it includes PDCCH or GC-PDCCH, then UE may perform a limited number of PDCCH blind decodings for DL burst detection. After detection of a DL burst, in the beginning of gNB COT (Phase B), UE may perform frequent (e.g., symbol-level) PDCCH monitoring to support non-slot PDSCH transmission(s). And in the remainder of gNB COT (Phase C), regular slot-based transmission can be performed with increased PDCCH monitoring periodicity (e.g., to a slot or slot group). Phase B can be the first slot of a COT and the remaining slots can belong to Phase C. UE can move back from Phase C to Phase A at the end of the COT if the UE acquired the COT information, and after the MCOT duration from the moment of DL burst detection otherwise.
Proposal 3: Three-phase PDCCH monitoring according to DL burst detection is supported for UE power saving in NR-U.

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 in between. In this case, two interpretations of the above method can be considered:
· Alt. 1: Three phases per COT (e.g., Phase A-B-C within a COT as shown in Fig. 1(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. 1(b))
Alt. 1 is simpler but ending position of UL burst may not be flexible. Thus if the flexibility of the UL burst position is considered important, it may be desirable to apply the dynamic PDCCH monitoring for each DL burst.
Observation 1: The phased approach for PDCCH monitoring needs to be clarified when there are multiple DL bursts within a COT.



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

For configuring different PDCCH monitoring patterns for different phases, multiple CORESETs can be used. However, considering the limited number of CORESETs in each LBT subband or in a BWP, a better way is to use a single CORESET to cover all the three phases or at least Phase B and C. Hence, for NR-U, different search space set configurations can be configured under a given CORESET for different phases. A simple approach to allow this is to add a parameter which indicates to which phase the configuration applies.

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 similar to Phase B or 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 into account the future progress of configured grant transmission procedure.
Observation 2: PDCCH monitoring in a DL duration of a UE-initiated COT needs to be discussed.

COT structure indication
According to the agreement in RAN1 ad-hoc 1901, the payload of a PDCCH and/or GC-PDCCH can contain information regarding COT structure that may be used by the UE for power saving. Generally, the structure of a COT can be represented by its starting time, ending time, total duration, DL burst and UL burst durations, etc. Among those parameters, only essential information can be delivered to UEs as DCI.
Basically the COT structure indication can include slot structure, i.e., DL, UL, and flexible symbols within a COT. In addition to that, the followings can be included in the COT structure indication:
· End of a gNB COT: Beneficial since UE behaviours inside and outside the gNB COT can be different, e.g., LBT, PDCCH monitoring, configured grant UL transmission, HARQ-ACK feedback, etc.
· Occupied bandwidth: Explicit indication of the successful LBT subbands is preferred to implicit indication considering UE detection complexity and performance (refer to a companion contribution [2]).
· COT sharing: UE can be indicated with whether the UL transmission in CG resources is allowed or not in the shared COT.
Proposal 4: In addition to the slot structure, the COT structure indication includes at least the following information: end of a COT, occupied bandwidth, and COT sharing.

DMRS sequence generation
In NR-U, time-independent DMRS initialization is beneficial to relieve the DL pre-processing complexity against the LBT uncertainty, in particular at the starting slot of a COT. A potential solution is to remove the symbol number (or set to 0) in the initialization. In addition, the slot number may also be adjusted as relative to the starting position of a COT. Another aspect is the transmission of GC-PDCCH including the COT structure indication. If it serves as the DL initial signal and if it can be additionally transmitted in the middle of a COT, a special treatment for its DMRS initialization may be needed. For example, both slot and symbol indices can be removed or set to a fixed number for DMRS of the GC-PDCCH.
Proposal 5: Support time-independent initialization of DMRS for PDCCH and PDSCH.
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Conclusion
In this contribution, we share our view on DL signals and channels for NR-U. From the discussion, the following proposals and observations are drawn:
Proposal 1: In Rel-16 NR-U, there is no further enhancement to PDSCH to support partial-slot PDSCH transmission.
Proposal 2: In NR-U, [wideband] DMRS in GC-PDCCH together with GC-PDCCH content is used for DL burst detection.
Proposal 3: Three-phase PDCCH monitoring according to DL burst detection is supported for UE power saving in NR-U.
Observation 1: The phased approach for PDCCH monitoring needs to be clarified when there are multiple DL bursts within a COT.
Observation 2: PDCCH monitoring in a DL duration of a UE-initiated COT needs to be discussed.
Proposal 4: In addition to the slot structure, the COT structure indication includes at least the following information: end of a COT, occupied bandwidth, and COT sharing.
Proposal 5: Support time-independent initialization of DMRS for PDCCH and PDSCH.
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