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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK1]In the RAN #82 meeting, the new WID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify solutions and techniques for next generation wireless systems operating on unlicensed bands. In the WID, one of the objectives is to specify DL physical layer signals and channels. In the RAN1 #AH_1901 meeting, the below agreements were reached on DL reference signals and channels design for NR-U.
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 potential DL reference signals and physical layer channels design for NR-U, including dynamic PDCCH monitoring, COT structure indication, PDSCH transmission, mechanism to detect DL starting point, and DMRS sequence generation and so on.
 DL Reference Signals and Physical Channels Design
 Dynamic PDCCH Monitoring

 

In NR, the PDCCH monitoring information per search space is configured via RRC, such as PDCCH monitoring periodicity, offset and symbols for PDCCH monitoring in the slots. For the first slot of the COT (i.e. Phase B: beginning of gNB’s COT), if small monitoring periodicity is configured, then NR unlicensed systems will have better performance due to the finer time granularity for PDCCH transmission. From the second slot of the COT (i.e. Phase C: remainder of gNB’s COT), the PDCCH monitoring granularity can be bigger, such that slot-level PDCCH monitoring can be performed for UE complexity and power consumption reduction. This approach provides more flexibility, and saving power. One example is shown in Figure 1. In Phase A (outside of gNB’s COT), UE only monitors the initial signal e.g. wideband DMRS for DL burst detection. Only when the initial signal is detected, UE will detect GC-PDCCH and other reference signals/channels. PDCCH monitoring efforts outside of COT is not necessary since PDCCH monitoring can start from the beginning of the COT.
UE determines the transition from Phase A to Phase B based on DL burst detection (initial signal detection). Once UE detects a initial signal e.g. wideband DMRS, UE starts to monitor PDCCH according to the above monitoring strategy in Phase B. After the first slot of the COT, UE determines the transition from Phase B to Phase C. The transition from Phase C to Phase A can depend on the length or end position of the COT, which can be indicated by DCI format 2_0 as discussed in Section 2.2.

                                                             Figure 1 PDCCH monitoring pattern in a COT
Proposal 1: Different PDCCH monitoring patterns can be performed for Phase B (beginning of gNB’s COT) and Phase C (remainder of gNB’s COT). The PDCCH monitoring occasion granularity in the first slot in Phase B is smaller than the remaining slot(s) in Phase C. The PDCCH monitoring patterns can be semi-statically configured.
Proposal 2: UE can determine the transitions between different phases associated with different PDCCH monitoring efforts according to: 
· From Phase A (outside of gNB’s COT) to Phase B  (beginning of gNB’s COT) based on DL burst detection (initial signal detection). 
· From Phase B to Phase C (remainder of gNB’s COT) based on the end boundary of the first slot of the COT. 
· From Phase C to Phase A based on the length or end position of the COT. 
In current Rel-15 specification, UE needs to perform the same PDCCH monitoring pattern configured by RRC until it is re-configured. In order to have different PDCCH monitoring patterns for a COT, some enhancements for PDCCH monitoring configuration should be considered.  Pre-defined or semi-static configuration method can be considered to realize the two detection patterns above. However, for semi-static configuration, as the slot detection PDCCH is an absolute slot index configured through search space configuration in monitoringSlotPeriodicityAndOffset, it may not be the first slot of the COT. Therefore, the slot parameter definition in monitoringSlotPeriodicityAndOffset should be changed to the slot position in the COT, or the slot index should be started from the first slot of the COT. 
Proposal 3: In NR-U, the slot index indicated in parameter monitoringSlotPeriodicityAndOffset of the search space shall be relative to the starting slot of the COT. 
 COT Structure Indication
In licensed band, Rel-15 NR supports dynamic and semi-statically configured slot configuration and the configuration period can be {0.5, 0.625, 1, 1.25, 2, 2.5, 3, 4, 5, 10} ms.  The semi-static DL/UL assignment is done via cell-specific and UE-specific RRC configuration. With the cell-specific configuration, a UE is allocated a DL-unknown-UL pattern. The "unknown" resources are flexible resources that can be assigned DL or UL direction using UE-specific configuration or dynamic signaling. The UE-specific RRC signaling or dynamic signaling includes the indication as per slot basis that can override the "unknown" allocation in the cell-specific configuration. Resources in the slot configuration that are without DL/UL indication remain flexible resources. For NR-U, dynamic and semi-statically configured UL/DL configuration as in licensed band should also be considered. For example, some semi-static UL/DL assignments can be used to indicate DL slots for UE to receive SSB, and some other slots can be assigned for UE to transmit PRACH or configured grant transmission. 
As Rel-15 NR PDCCH can be configured to start from any symbol, and the gNB can start downlink transmission from the nearest symbol after a successful LBT, such as in the middle of the slot transmission through the search space configuration, therefore once the gNB performs LBT successfully on the semi-statically configured DL slot and symbols, the gNB can indicate the COT structure through DCI format 2_0 dynamically. Besides, as DCI format 2_0 can indicate multiple slots and the partial slot structure. The COT length can be derived from the value of a SFI-index field in DCI format 2_0 provided by higher layer parameter slotFormatCombinationId. Therefore, DCI format 2_0 in Rel-15 NR can be directly used for the indication of the COT structure.
Proposal 4:  Rel-15 DCI format 2_0  can be reused to indicate the COT structure for NR-U, e.g, DL/UL/F configuration, COT duration, PDCCH monitoring indicator.
 PDSCH Transmission
In Rel-13 LAA, eNB can only start transmission at slot boundaries (symbol 0/7) with 15 kHz subcarrier spacing. The reservation signal is transmitted before the DL transmission start position, i.e., the slot boundary, to reserve the carrier and prevent other devices from occupying the spectrum, which is the overhead of LAA system. Therefore, the overhead of reservation signal should be minimized. In NR, PDSCH can support type A and type B scheduling, which have much finer granularities (e.g. 2/4/7 OFDM symbols), therefore, more flexible transmission can be reached. 
For NR-U, slot types including slot and mini-slot (non-slot-based scheduling) can be utilized to minimize the reservation signal length. The NR gNB should be able to send DL burst as soon as possible whenever it finishes LBT/CCA, resulting in different slot duration. As illustrated in Figure 2, the gNB can choose the type of first slot i.e. mini-slot based on LBT/CCA success location and slot boundary, and then select the type of following slots with a larger size e.g. slot. The type of last slot(s) is/are chosen according to the remaining time within the MCOT. In Figure 2, the rest of the maximum COT is not enough for a normal slot, but enough for two whole mini-slots.


Figure 2: multiple slot durations in an MCOT
For PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst, below options have been identified as possible candidates. 
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
Option 5: Option 3+ Option 4
For Option 1, gNB can transmit PDSCH 2/4/7 symbols according to the remaining symbols of the first slot, which has no specification impact. If further considering less reservation signals overhead, more choices of PDSCH duration should be defined, which is Option 3, but only limited additional symbol number (e.g. 3/9/10 symbols) should be considered for type B mapping in order to reduce blind detection complexity to UE. As other durations is very close to 2/4/7/3/9/10 symbols, the gain may be very small, but the gNB has to prepare multiple data to align with the slot boundary as it does not know when it will perform LBT success in advance. Therefore, Option 3 can be an enhancement design of NR-U. 
For Option 2, due to puncturing, the probability of decoding success will be reduced.  That is to say, the decoding performance cannot be guaranteed when a large portion of the transmission is punctured which in turn hurts the spectrum efficiency.  Besides, it was also proposed that the PDCCH is not punctured, however its DRMS can be shifted to the actual starting position of the DL transmission. However for this method, UE PDCCH monitoring complexity will be extremely increased as UE does not know when gNB perform CCA success. And the DL grant supports any start symbol, any length within the slot and the puncturing and/or rate-matching indication should be introduced.
For Option 4, as the DMRS sequence generation is based on the absolute symbol index and the slot number, some influence on DMRS sequence generation and design should be considered. Therefore, this option should be de-prioritized. Besides, the same problem can be seen in Option 5.
Proposal 5: Among the candidates for PDSCH transmission in the partial slot,
· Option 1 (PDSCH(s) as in Rel-15 NR) is preferred
· If Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) is considered, only limited additional symbol number should be supported for type B mapping.
 DL Burst Detection

In the RAN1 #AH1901 and RAN1 #96 meeting, several candidates for DL burst detection were discussed for UE power saving, such as Wi-Fi-like preamble, DMRS.
It should be noted that the preamble in Wi-Fi is constructed of a training sequence and control information which cannot be identified by LAA devices or Rel-15 NR devices. Detection of Wi-Fi preamble can lead to significantly higher implementation complexity considering different numerology between NR and Wi-Fi at least in 5 GHz unlicensed band. Furthermore, it seems undesirable or strange that NR-U operates with a signal relying on other standardization. Therefore, the mechanism to detect gNB’s transmission should be based on existing signals/channels in NR in 5 GHz band, such as DMRS, CSI-RS. Given the absence of regulatory requirement for 6 GHz operation, whether a common beacon-like preamble design for NR-U and Wi-Fi in 6 GHz band can be FFS. 

Wideband DMRS and narrow band DMRS are supported in Rel-15 NR. And the wideband DMRS can have better detection probability than narrow band DMRS due to more PRBs used for wideband DMRS. Besides, for narrow band DMRS, as it combined with PDCCH position, UE needs to detect the narrow band DMRS blindly in all candidate PDCCH positions which leads to higher complexity. Wideband DM-RS could alleviate this since DM-RS can span over the whole CORESET. Therefore, wideband DMRS is more appropriate for detecting gNB’s DL transmission. UE then attempts GC-PDCCH decoding after successfully detecting the presence of a DL burst. GC-PDCCH is used to indicate the COT structure as suggested in Section 2.2. Since wideband DM-RS is optional in the sub-set resource of the CORESET in Rel-15 NR, it should be mandatory if it is used for NR-U as DL burst detection signal. But this can also be an implementation problem. 

Observation 1: The preamble in Wi-Fi does not fit perfectly in the NR numerology. NR-U operates with a signal relying on other standardization is undesirable at least in 5GHz band.
Proposal 6: The following aspects should be considered when designing a signal for DL burst detection in NR-U:
· NR-U UE is not expected to receive Wi-Fi preamble at least in 5GHz unlicensed band..
· Wideband DMRS is more appropriate for used to detect gNB’s DL transmission.
· No further enhancement is needed for wideband DMRS.
 DMRS sequence generation
The sequence generation of PDSCH/PDCCH DMRS in Rel-15 NR depends on the absolute slot/symbol index. The pseudo-random sequence generator for PDSCH/PDCCH DMRS shall be initialized with
[image: ]                                                                                                                   (for PDSCH DMRS)
                   (for PDCCH DMRS)                 

where  is the OFDM symbol number within the slot,  is the slot number within a frame.
[bookmark: _GoBack]In NR-U, the gNB needs to perform LBT first before PDSCH/PDCCH transmission. If LBT succeeds, the gNB can start PDCCH/PDSCH transmission. But if LBT fails, the gNB should continue performing LBT for later slot/mini-slot transmissions and regenerate absolute slot/symbol index dependent PDSCH/PDCCH DMRS sequence in advance, or regenerate it in a short time after LBT is successful. Some companies in last meeting believed that it will increase the implementation complexity if the existing DMRS generation mechanism is reused for NR-U. Therefore, one option is that the slot/symbol number for generating DMRS in the first slot of the COT can be set to 0, and the slot number in the remaining slots of the COT are relative to the first slot. However, in our view, the increase in complexity would be very minor, and the existing implementation of the gNB can support the generation of one or more absolute slot/symbol-index dependent PDSCH/PDCCH DMRS sequences in advance. Moreover, there may be some problems if above option is adopted. If a UE misses detection of wideband DMRS as the initial signal at the start of DL burst, then it will miss the full gNB’s COT. Thus, wideband DMRS should be transmitted multiple times in a COT. However, if above DMRS sequence generation option is applied, the first DMRS for indicating DL burst uses slot index 0 to generate its sequence, and the following DMRSs will use the relative slot/symbol index. If UE loses the first DMRS, it will lose all the following DMRSs and other remaining transmissions from the gNB. Sending DMRS multiple times in a COT cannot improve robustness of DL burst detection. Therefore, we think no change to DMRS sequence generation is needed.

Proposal 7: No change to DMRS sequence generation is needed.
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0995] Conclusion 
In this contribution, we discuss some potential solutions and techniques for NR-U DL reference signal design and physical channel design, and have the following observation and proposals:
Observation 1: The preamble in Wi-Fi does not fit perfectly in the NR numerology. NR-U operates with a signal relying on other standardization is undesirable at least in 5 GHz band.
Proposal 1: Different PDCCH monitoring patterns can be performed for Phase B (beginning of gNB’s COT) and Phase C (remainder of gNB’s COT). The PDCCH monitoring occasion granularity in the first slot in Phase B is smaller than the remaining slot(s) in Phase C.
Proposal 2: UE can determine the transitions between different phases associated with different PDCCH monitoring efforts according to: 
· From Phase A (outside of gNB’s COT) to Phase B (beginning of gNB’s COT) based on DL burst detection (initial signal detection). 
· From Phase B to Phase C (remainder of gNB’s COT) based on the end boundary of the first slot of the COT. 
· From Phase C to Phase A based on the length or end position of the COT. 
Proposal 3: In NR-U, the slot index indicated in parameter monitoringSlotPeriodicityAndOffset of the search space shall be relative to the starting slot of the COT. 
Proposal 4:  Rel-15 DCI format 2_0  can be reused to indicate the COT structure for NR-U, e.g, DL/UL/F configuration, COT duration, PDCCH monitoring indicator.
Proposal 5: Among the candidates for PDSCH transmission in the partial slot,
· Option 1 (PDSCH(s) as in Rel-15 NR) is preferred.
· If Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) is considered, only limited additional symbol number should be supported for type B mapping.
Proposal 6: The following aspects should be considered when designing a signal for DL burst detection in NR-U:
· NR-U UE is not expected to receive Wi-Fi preamble at least in 5GHz unlicensed band.
· Wideband DMRS is more appropriate for used to detect gNB’s DL transmission.
· No further enhancement is needed for wideband DMRS.
Proposal 7: No change to DMRS sequence generation is needed.
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