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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK1]At RAN #84 plenary meeting in June 2019, the views on essential/optimization items on each WGs for on time completion of Rel-16 NR-U WI was presented in [1]. Wherein, the essential/optimization items in “7.2.2.1.2 DL signals and channels” are as follows:
Essential
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
Optimization
· CSI-RS enhancement outside of DRS
· More opportunities for CSI-RS to compensate the possible LBT failure
· A-TRS directly QCL with SSB
During Rel-16 NR-U WI, RAN1 has reached a lot of agreements and conclusions on DL signals and channels as follows [2-5]. 
Agreement:
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0
· The following are configurable by RRC:
· Presence of this bit-field
· Location of this bit-field in the DCI
· Length of this bit-field in the DCI 
· FFS: Whether a single value will suffice in which case, the length is not configurable
· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value
· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT
· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)
· FFS: details for this SFI-based mechanism
· FFS: Whether the duration is encoded as e.g., total length or remaining length.
· FFS: Granularity the signalled duration
Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication
· A single search space set can be part of more than one group.
· It is up to RAN2 to optimize the signalling to minimize overhead.
Agreement:
· The following is agreed for DM-RS positions for PDSCH mapping Type B of length 9 and 10:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
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	10
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· 
If the PDSCH duration  is 10 OFDM symbols for normal cyclic prefix, and if at least one of the DM-RS symbols corresponding to the PDSCH allocation collides with resources reserved for at least one of the symbols of a LTE CRS transmission, shall be incremented by 1
· FFS: Whether the increment is applicable to all slots or a subset of slots
Conclusion:
· PDSCH type B durations 9,10 will not be optimised for double symbol DM-RS for avoiding LTE-CRS collisions
Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)
Agreement:
· 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
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
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 remaining issues of DL reference signals and physical layer channels design for NR-U, including PDSCH transmission, dynamic PDCCH monitoring for LBE, COT detection for FBE, COT structure indication, CSI-RS, and DMRS sequence generation.
 DL reference signals and physical channels design
 PDSCH transmission
For PDSCH transmission, additional durations from 2 to 13 symbols (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B has been supported in RAN1 #97 meeting, which duration are supported depend on UE’s capability. Capability signaling will be defined for UEs to indicate which specific subset of durations is supported by the UE. Meanwhile, below four FFSs left in the same meeting still needs to be discussed and clarified.
· FFS: A duration of 14
· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)
· 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) 
For the first FFS of PDSCH duration of 14 symbols, considering a gap is needed for performing CCA and PDSCH mapping type A has already supported duration of 14 symbols, we think that a duration of 14 symbols for PDSCH mapping type B is not necessary to be supported. 
Proposal 1: No need to support a duration of 14 symbols for PDSCH mapping type B in NR-U.
In RAN1 #98 meeting, RAN1 has defined DMRS positions for PDSCH mapping Type B of length 9 and 10. For the other additional durations other than length 9/10, reusing DMRS patterns with the same durations of PUSCH mapping type B in Rel-15 can be considered. DMRS patterns for PDSCH mapping type B corresponding to all durations from 2 to 13 symbols are summarized in Table 1 and Table 2. The highlighted yellow part indicates the DMRS patterns used for the new lengths except for 9/10. The highlighted green part indicates the DMRS patterns used for length 9 and 10.
Proposal 2: For additional durations from 2 to 13 symbols (other than length 2/4/7 and 9/10) for PDSCH mapping type B in NR-U, DMRS positions can reuse DMRS patterns of PUSCH mapping type B with the same durations in Rel-15.

Table 1: PDSCH DMRS positions  for single-symbol DM-RS
	  in symbols
	
DM-RS positions 
PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
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Table 2: PDSCH DMRS positions  for double-symbol DM-RS
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3
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For the PDSCH Default A SLIV Table, RAN1 in RAN1 #98bis meeting has agreed that Type-B PDSCH lengths other than the 2/4/7 lengths already supported in Rel-15 are not introduced for NR-U. Therefore, no other durations except 2/4/7 lengths in the existing PDSCH Default A SLIV Table are mandatory for the UE to support for initial access.
For processing times of PDSCH mapping type B with the additional durations, it can reuse the values of durations of 2/4/7 symbols as specified in chapter 5.3 in TS 38.214, which can have little specification impact. For example, the new durations with greater than 7 symbols can use the same d1,1 in chapter 5.3 as 7, the durations of 5/6  symbols can use the same d1,1 as 4, and the duration of 3 symbols can use the same d1,1 as 2 or 4. Based on this, we don’t think that introducing new durations will lead to an increased requirement in PDSCH processing and decoding capabilities, and thus recommend reusing the values for durations of 2/4/7. 
Proposal 3: Processing times of PDSCH mapping type B with the additional durations can reuse the values of durations of 2/4/7 symbols as specified in chapter 5.3 in TS 38.214.
-	For UE processing capability 1, and 
-	if the number of PDSCH symbols allocated  L = 7 or more, then d1,1 = 0,
-	if the number of PDSCH symbols allocated L = 4, 5, or 6,  then d1,1 = 3,
-	if the number of PDSCH symbols allocated  L = 2 or 3, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-	For UE processing capability 2, and 
-	if the number of PDSCH symbols allocated is L = 7 or more, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is L = 3, 4, 5, or 6, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH,
-	if the number of PDSCH symbols allocated is L = 2, then 
-	if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same starting symbol, then  d1,1 = 3,
-	otherwise d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
 Dynamic PDCCH monitoring for LBE
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. In Phase A (outside of gNB’s COT), in order to improve spectrum utilization and reduce access delay, UE can monitor PDCCH and corresponding DMRS for DL burst detection with a shorter monitoring periodicity. In implementation, UE can decode PDCCH after DMRS has already been detected so as to saving power consumption. For the first slot of the COT (i.e. Phase B: beginning of gNB’s COT), if shorter monitoring periodicity is configured, better performance may be achieved for NR unlicensed systems, due to the increased chance of PDCCH transmission. From the beginning of the second slot of the COT (i.e. Phase C: remainder of gNB’s COT), the PDCCH monitoring granularity can be longer, e.g., slot-level PDCCH monitoring, for the sake of UE complexity and power consumption reduction. One simple example is shown in Figure 1. 
For the above issues, RAN1 in RAN1 #98bis meeting has agreed that a UE can be provided with at least two groups of search space sets for PDCCH. To balance spectrum efficiency and the difficulties of switching as well as standardization complexity, we think the configuration of two groups for search space sets is a trade-off. No need to support more than two groups of search space sets. Configuring sparse (e.g. slot level) or dense (e.g. mini-slot level) PDCCH monitoring periodicity in each group for Phase A/B/C is an implementation problem, which does not need to be further discussed.
Proposal 4: No need to support more than two groups of  search space sets for PDCCH.
RAN1 also provided two alternatives for the UE performing switching between two groups of search space sets:
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
UE determines the transition from Phase A to Phase B based on DL burst detection e.g. initial signal. Once it detects DMRS or PDCCH together with its DMRS, the UE starts to detect other RSs/channels including PDCCH according to the above monitoring strategy in Phase B. After the first slot of the COT, UE would transit from Phase B to Phase C. The transition from Phase C to Phase A can depends on the length or end position of the COT, which has already been agreed to be indicated by DCI format 2_0. Note that not all two ajacent phases in Phase A/B/C need to be switched. In fact, it is possible to configure a same group for two adjacent phases, and there is no need to switch in this case.  In a word, we think UE can be  configured to switch between the groups based on an implicit way.

                                                             Figure 1: PDCCH monitoring pattern in a COT
Proposal 5: Alt 1 is preferred, namely, the UE can be configured to switch between two groups of search space sets based on a implicit way.
In the 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 achieve the two PDCCH 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 defined 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 6: In NR-U, the slot index indicated in parameter monitoringSlotPeriodicityAndOffset of the search space should be defined relative to the starting slot of the COT. 
 UE COT detection for FBE
Frame Based Equipment (FBE) is specified in ETSI  EN 301 893 [6] as equipment where the transmit/receive structure has a periodic timing with a periodicity equal to the Fixed Frame Period, as shown in Figure 2. A single Observation Slot in Idle Period shall have a duration no less than 9 us. 
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Figure 2: Timing for Frame Based Equipment
The Fixed Frame Periods supported by the equipment shall be declared by the manufacturer. This shall be within the range of 1 ms to 10 ms. Transmissions can start only at the beginning of a Fixed Frame Period. An equipment may change its Fixed Frame Period but it shall not do more than once every 200 ms. Immediately before starting transmissions on an operating channel at the start of a Fixed Frame Period, the initiating device shall perform a CCA check during a single Observation Slot. The COT shall not be greater than 95 % of the Fixed Frame Period and shall be followed by an Idle Period until the start of the next Fixed Frame Period such that the Idle Period is at least 5 % of the Channel Occupancy Time, with a minimum of 100 us.
In some scenarios, such as shopping malls, factories, office buildings, FBE (frame based equipment) is a better type of equipment if no other type of equipment exists, as it is beneficial for frequency reuse. From above definition and requirements of FBE, we can see that the channel access mechanism of FBE is based on a fixed frame structure. Therefore, compared with LBE, UE COT detection for FBE is relatively simple. 
In order to save power consumption, UE can do no COT detection (including DMRS and PDCCH) to save the power until Fixed Frame Period starts. UE only needs to start detecting DMRS and GC-PDCCH at the beginning of Fixed Frame Period. UE determines the transition from Phase A to Phase B (beginning of the COT) based on DL burst detection (i.e. DMRS). Once it detects an DMRS, UE starts to monitor PDCCH and other RSs/channels. In order to increase spectrum efficiency and reduce impacts on PDSCH SLIV, the beginning of Fixed Frame Period can be aligned with slot boundary. With this solution, UE can perform same PDCCH monitoring efforts in Phase B and in Phase C (remainder of the COT). The transition from Phase C to Phase A can depends on the length or end position of the COT, which can be indicated by DCI format 2_0.
Proposal 7: For FBE, the beginning of Fixed Frame Period can be aligned with slot boundary to increase spectrum efficiency and reduce impacts on PDSCH mapping.
Proposal 8: For FBE, UE only needs to detect DL burst at the beginning of Fixed Frame Period.
 COT indication in time-domain
In licensed band, Rel-15 NR supports dynamic and semi-static slot configuration with the period of {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 cell-specific configuration, a UE is allocated a DL-F-UL pattern. The "F" 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 "F" allocation in the cell-specific configuration. Resources in the slot configuration that are not indicated as DL/UL 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. 
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, it can dynamically indicate the COT structure via DCI format 2_0 as shown in Figure 3. 
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Figure 3: COT duration indication in GC-PDCCH
RAN1 in RAN1 #98bis meeting has agreed that adding a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0. RRC will configure presence of this bit-field, and location of this bit-field in the DCI. If the GC-PDCCH indicating COT duration/structure is transmitted only once in the COT and if a UE misses it, the UE can not know the end of the COT and COT structure. Thus the GC-PDCCH indicating COT duration and COT structure can be transmitted more than once in a COT. Furthermore, Missing the initial signal or the first GC-PDCCH will also cause the UE can not know where the beginning of the COT is. In this case, defining the indicated COT duration as a total length is not appropriate. So we think the COT duration in each GC-PDCCH can be encoded as remaining length.
Proposal 9: The GC-PDCCH indicating COT duration and/or COT structure can be transmitted more than once in a COT.
Proposal 10: The COT duration in each GC-PDCCH is encoded as remaining length.




The size of the existing DCI format 2_0 is configurable by higher layers up to 128 bits. As illustrated in Figure 3, we can see that even though the total COT length can be an integer multiple of milliseconds/slots (e.g. 10 ms or 10 slots), the remaining length indicated in each GC-PDCCH during the COT may still be fractional milliseconds/slots. If the basic granularity of the COT duration is one slot or one millisecond, it is impossible to indicate the number of remaining symbols in the last partial slot. That will cause the UE not to acquire the knowledge about the exact position of end-of-COT. Therefore, the granularity of the signaled duration can be a OFDM symbol. As the maximum COT is 10 ms in 5 GHz unlicensed band (= 2, 3, 8 or 10 ms according to different channel access priority classes), the maximum number of OFDM symbols of remaining length with 30 kHz SCS  equals to 280. Thus if the length of the COT duration bit-field is not configurable, the bit-field should include = 9 bits. In Rel-15 NR, the SFI-index field includes  bits where maxSFIindex is the maximum value of the values provided by corresponding higher layer parameters slotFormatCombinationId (0-511). As a comparison, we can find that the maximum bit-width of duration bit-field is the same as that of SFI-index field in DCI format 2_0.
Proposal 11: The granularity of the signaled duration can be a OFDM symbol.
Proposal 12: If the length of COT duration bit-field in GC-PDCCH is not configurable, a single value  e.g. 9 bits for it can be considered.
If COT duration field is not present and if SFI is available, UE should use SFI indication to determined end-of-COT. Specifically speaking, flexible symbol can be used to indicate end-of-COT, as long as there are no DL or UL symbols after flexible symbol in last slot format in the slot format combination indicated by DCI format 2_0. 
Proposal 13: Flexible symbol can be used to indicate end-of-COT, as long as there are no DL or UL symbols after flexible symbol in last slot format in the slot format combination indicated by DCI format 2_0.
Cat 4 LBT UL transmission (including CG) switching to Cat 1 LBT / Cat 2 LBT with 16us or 25us when fall in gNB COT should be supported. For supporting above switching, COT sharing information can be informed to the UE for indicating whether UL transmission (including CG) can share the current COT when fall in gNB COT and LBT type (e.g. Cat 1 LBT or Cat 2 LBT with 16us or 25us) if COT sharing is allowed.
Proposal 14: Cat 4 LBT UL transmission (including CG) switching to Cat 1 LBT / Cat 2 LBT with 16us or 25us when fall in gNB COT should be supported.
Proposal 15: COT sharing information can be informed to the UE, including sharing indicator for indicating whether UL transmission can share the current COT when fall in gNB COT and LBT type (e.g. Cat 1 LBT or Cat 2 LBT with 16us or 25us) if COT sharing is allowed..
1.1  COT indication in frequency-domain
In RAN1 #97 meeting, explicit indication via GC-PDCCH (if it is configured) is supported as a mechanism to inform the UE that one or more carriers 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. In RAN1 #98 meeting, RAN1 further supported to add a bitmap corresponding to available LBT bandwidths in the GC-PDCCH DCI. Some remaining issues on indication in frequency domain i.e. three FFSs in RAN1#97 agreements need to be clarified. 
· 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
Since it is difficult for a gNB or a UE to perform LBT on other LBT sub-bands within a COT obtained in the available sub-band, especially on adjacent LBT sub-bands. The reason is that the transmission power in the available sub-band will leak to other adjacent LBT sub-bands, resulting in inaccurate LBT results, which way is similar to full-duplex operation. Therefore, the time domain validity of indication can be extended to the whole COT. Furthermore, when GC-PDCCH is not configured or not received by the UE, or at the beginning of DL transmission burst, The UE can obtain the information about LBT outcome in each sub-band based on initial signal e.g. DMRS. For example, the UE performs DMRS detection on every LBT sub-band individually within single active DL BWP, and then UE performs other RSs/channels detection on LBT sub-band(s) where DMRS is detected.
Proposal 16: GC-PDCCH indication in frequency domain issues are to be solved in the following way:
· The time domain validity of indication can be extended to a whole COT as LBT results performed in other LBT sub-bands within the COT may not be accurate.
· When GC-PDCCH is not configured or not received by the UE, or at the beginning of DL transmission burst, the UE can obtain the information about LBT outcome in each sub-band based on initial signal e.g. DMRS.
 CSI-RS
Rel-15 NR supports a CSI-RS with 1, 2 and 4 OFDM symbols and up to 32 antenna ports. The functionalities of CSI-RS include mobility support, CSI acquisition, L1 RSRP computation and tracking. CSI-RS can be sent as a NR-U DRS component together with SS/PBCH block, type-0 PDCCH and RMSI PDSCH. How CSI-RS and SS/PBCH block multiplex in time/frequency domain please refer to companion contribution [7].
Similar to LTE, Rel-15 NR also supports periodic, aperiodic and semi-persistent CSI-RS transmission. For NR-U, due to the requirement of LBT, aperiodic CSI-RS can well match the characteristics of opportunistic transmission in unlicensed spectrum. It can be triggered to be sent after gNB obtains a COT. Periodic/semi-persistent CSI-RS may fail to be sent at a time point according to semi-static configuration due to the failure of LBT. However, considering periodic/semi-persistent CSI-RS is conductive to signaling overhead reduction and channel state information maintenance, periodic/semi-persistent CSI-RS should also be supported even if their transmission can not be always guaranteed due to LBT. RAN2 has agreed that RAN2 can assume that missing measurements due to LBT failures do not impact the RAN2 specification of L3 filtering and the subsequent steps. We don’t think there is anything that needs to be specially defined for behavior when P/SP-CSI-RS fail to transmit due to LBT.
Proposal 17: There is nothing that needs to be specially defined for behavior when P/SP-CSI-RS fail to transmit due to LBT.
 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.
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 the subsequent 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 believed that the implementation complexity can increase if the existing DMRS generation mechanism is reused for NR-U and a potential solution 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 increased 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 the solution mentioned above is adopted. If a UE misses detection of wideband DMRS as the initial signal at the start of DL burst, it would miss the entire gNB initiated COT. To solve that, wideband DMRS may be supported and has to be transmitted multiple times in a COT. Further, 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  leads to a chain effect, e.g., losing all the following DMRSs and other remaining transmissions from the gNB. Based on this, even if sending DMRS multiple times in a COT is supported , it cannot also improve robustness of DL burst detection. Therefore, no change to DMRS sequence generation is needed.
Proposal 18: No change to DMRS sequence generation is needed.
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[bookmark: _GoBack]In this contribution, we discuss some remaining issues for NR-U DL reference signal design and physical channel design, and have the following  proposals:
Proposal 1: No need to support a duration of 14 symbols for PDSCH mapping type B in NR-U.
Proposal 2: For additional durations from 2 to 13 symbols (other than length 2/4/7 and 9/10) for PDSCH mapping type B in NR-U, DMRS positions can reuse DMRS patterns of PUSCH mapping type B with the same durations in Rel-15.
Proposal 3: Processing times of PDSCH mapping type B with the additional durations can reuse the values of durations of 2/4/7 symbols as specified in chapter 5.3 in TS 38.214.
-	For UE processing capability 1, and 
-	if the number of PDSCH symbols allocated  L = 7 or more, then d1,1 = 0,
-	if the number of PDSCH symbols allocated L = 4, 5, or 6,  then d1,1 = 3,
-	if the number of PDSCH symbols allocated  L = 2 or 3, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-	For UE processing capability 2, and 
-	if the number of PDSCH symbols allocated is L = 7 or more, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is L = 3, 4, 5, or 6, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH,
-	if the number of PDSCH symbols allocated is L = 2, then 
-	if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same starting symbol, then  d1,1 = 3,
-	otherwise d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
Proposal 4: No need to support more than two groups of  search space sets for PDCCH.
Proposal 5: Alt 1 is preferred, namely, the UE can be configured to switch between two groups of search space sets based on a implicit way.
Proposal 6: In NR-U, the slot index indicated in parameter monitoringSlotPeriodicityAndOffset of the search space should be defined relative to the starting slot of the COT. 
Proposal 7: For FBE, the beginning of Fixed Frame Period can be aligned with slot boundary to increase spectrum efficiency and reduce impacts on PDSCH mapping.
Proposal 8: For FBE, UE only needs to detect DL burst at the beginning of Fixed Frame Period.
Proposal 9: The GC-PDCCH indicating COT duration and/or COT structure can be transmitted more than once in a COT.
Proposal 10: The COT duration in each GC-PDCCH is encoded as remaining length.
Proposal 11: The granularity of the signaled duration can be a OFDM symbol.
Proposal 12: If the length of COT duration bit-field in GC-PDCCH is not configurable, a single value  e.g. 9 bits for it can be considered.
Proposal 13: Flexible symbol can be used to indicate end-of-COT, as long as there are no DL or UL symbols after flexible symbol in last slot format in the slot format combination indicated by DCI format 2_0.
Proposal 14: Cat 4 LBT UL transmission (including CG) switching to Cat 1 LBT / Cat 2 LBT with 16us or 25us when fall in gNB COT should be supported.
Proposal 15: COT sharing information can be informed to the UE, including sharing indicator for indicating whether UL transmission can share the current COT when fall in gNB COT and LBT type (e.g. Cat 1 LBT or Cat 2 LBT with 16 us or 25us) if COT sharing is allowed.
Proposal 15: GC-PDCCH indication in frequency domain issues are to be solved in the following way:
· The time domain validity of indication can be extended to a whole COT as LBT results performed in other LBT sub-bands within the COT may not be accurate.
· When GC-PDCCH is not configured or not received by the UE, or at the beginning of DL transmission burst, the UE can obtain the information about LBT outcome in each sub-band based on initial signal e.g. DMRS.
Proposal 16: There is nothing that needs to be specially defined for behavior when P/SP-CSI-RS fail to transmit due to LBT.
Proposal 17: No change to DMRS sequence generation is needed.
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