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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreement was agreed in RAN1#96b meeting [1]
· Only further discuss/consider Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) as potential enhancements to PDSCH transmissions.
It was agreed in AdHoc#1901 meeting [2] that
· 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 
According to NR-U WID [3] the following topics related to DL channels will be specified.
· For DL data channel, support of multiple PDSCH starting positions.
· DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure;
In NR-U, the following consensus were captured in TR that [4]:
· The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst. The options are not mutually exclusive.
-	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
· In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.

· The detection of a gNB's transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s).

· Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB's COT, or explicitly signaled by the gNB.
[bookmark: _Ref129681832]In this contribution, we mainly discuss enhancement on flexible starting positions for PDSCH/PUSCH, PDCCH transmission and monitoring, CORESET configuration in wideband operation. Considerations on the initial signal design and indication of COT structure are also discussed. 

[bookmark: OLE_LINK13][bookmark: OLE_LINK36]PDSCH transmission and configuration 
Flexible PDSCH starting position 
In LAA/eLAA/FeLAA, both DL and UL transmission should start and end at certain fixed points. To be more specific, using frame structure type 3, both DL and UL transmission could start at slot boundaries of every 0.5 ms. Since LBT generally ends at any time instance and is not aligned with symbol boundaries, the time period (max 0.5 ms) between the end of LBT and the possible start of a PDCCH/PUSCH transmission is wasted. Similar issue at the end of burst can be improved when more ending points are defined. In LTE LAA and FeLAA, OFDM symbol positions # [2 5 8 9 10 11 13] for DL and # [6 12 13] for UL can be used as partial subframe ending points, but it is still not flexible enough. Therefore, NR-U should provide more frequent start/ending points than LTE LAA/eLAA for more flexible transmission. 
The number of supported starting positions of PDSCH for NR-U shall be carefully investigated. Four schemes are evaluated and labelled scheme a, scheme b, scheme c and scheme d, respectively. DL transmissions starting on slot boundaries, 7OS mini slot boundaries, 2OS mini slot boundaries and 1OS mini slot boundaries are taken into consideration. The transmission bandwidth is 20 MHz. HARQ processing time conforms to UE capability 1 with no additional DMRS. Other simulation assumptions follow latest RAN1 agreement. The simulation results of DL portion with a DL/UL mixed traffic are provided in Figure 1.
   
Figure 1 . Average UPT (Mbps) performance comparisons for flexible multiple points within per slot
Generally, more starting points provides better performance in all SCS cases due to reduced defer time. However, the gain becomes marginal when further increasing the number of starting points. It can be observed that for 15 kHz SCS the scheme d (14 start opportunities within a subframe) can only achieve a marginal performance gain compared with scheme c (7 start opportunities within a subframe ), and for 60 kHz SCS scheme b (8 start opportunities within a subframe ) is flexible enough compared with scheme c and scheme d. Note that UE requires more blind detection when more starting points are applied. Therefore, it is not necessary to support more than 8 possible starting points within a subframe considering the UPT performance gain and UE complexity. Note that the number of start position candidates is not necessary to be the same as the number of actual transmitted DCIs, e.g., only one mini-slot could be transmitted with the duration equal to the gap between LBT succeeds and the nearest slot boundary. In addition, it can be observed that increasing the SCS provides more gain than decreasing the gap between candidate starting points for a given SCS.
Observation 1: Allowing around 8 transmission starting opportunities within a subframe could achieve most of the gain from finer channel access granularity. 
Proposal 1: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.
When a UE is configured with a BWP of 60 kHz SCS, It is frequent enough to allow PDSCH start at either OS#0 or OS#7. A gNB can prepare two versions of the first PDSCH(s) in the burst corresponding to PDSCH mapping type A(slot-based  scheduling) and PDSCH mapping type B(half-slot based scheduling), which is similar as LTE LAA R13. 
When a UE is configured with a BWP of 15/30 kHz SCS, UE should be configured with more start point within a slot duration, e.g. every one or two OS.  According to NR R15, a gNB can prepare a series of PDSCH with same number of OS assuming PDSCH mapping type B (called uniform mini-slot) as well as a PDSCH with PDSCH mapping type A. For example in Figure 2, a gNB prepares 7 PDSCH in series with 2-OS each and 1 PDSCH with 14 OS. If LBT is successful on the 7th OS, 3 PDSCH of 2OS will be transmitted. Regarding that the less number of OFDM symbols in a mini-slot, the higher DMRS/control overhead is, 7-OS mini slot with 60 kHz SCS would have less overhead to achieve flexible start point. 


[bookmark: _Ref528072372]Figure 2 Flexible start points with uniform mini slot 
Considering there are only 3 mini slot length (2,4 and 7 OS) supported in NR Rel-15 for PDSCH mapping type B, the DMRS/control overhead of the  uniform mini-slot scheme can be reduced by preparing 4 PDSCHs with length of 2, 4, 7 and 14 (full slot) symbols respectively (called non uniform mini slot). The HARQ process can also be saved with reduced number of PDSCH using PDSCH mapping type B. The various combinations of 3 PDSCHs using mini slot are illustrated in Figure 3, showing how multiple start positions can be realized. Compared with uniform mini slot scheme, fewer mini slots need to be prepared at the gNB side. Besides, the overhead for the control channel and RS can be kept lower when larger mini slot durations are applied. Note that all the possible starting position candidates by combining 3 mini slot lengths provide sufficient starting points and scheduling flexibility for PDSCH transmission. 
As illustrated in Figure 3, 2 symbol and 4 symbol mini slots could be transmitted at multiple occasions depending on LBT results. In NR Rel-15, PDSCH scheduling information in time domain such as PDSCH starting symbol(S) and PDSCH duration (L) are based on absolute value.  Due to transmission uncertainty in unlicensed band, PDSCH resource allocation in time domain could be indicated by relative value, i.e., both starting symbol and PDSCH duration could use the starting/ending symbol of the corresponding PDCCH as the reference point. It is beneficial for DCI preparation at the gNB side since time domain resource allocation indication carried by DCI remains same regardless the actual transmission location of the mini slot.



[bookmark: _Ref528072922][bookmark: _Ref4083659]Figure 3 Flexible start point with non-uniform mini slot 
Observation 2: PDSCH mapping types supported in NR Rel-15 provide enough flexibility for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
[bookmark: _Ref528079246]Proposal 2: NR-U should consider the tradeoff between frequent start points and overhead introduced by scheduling large number of PDSCH with PDSCH mapping type B.
· When a UE is configured with a BWP of 60 kHz SCS, it is beneficial to allow DL burst starts from every 7-OS. 
· When a UE is configured with a BWP of 15/30 kHz SCS, it is beneficial for a gNB to transmit a series of non-uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols.
Proposal 3: Time domain PDSCH scheduling information determination could use the starting/ending symbol position of PDCCH as the reference point.
There are two ways a gNB can handle the symbols of mini slot/slot transmissions which are affected by LBT procedure, either to discard or to postpone. Different choices might have different impacts on the design of common control signaling and periodic signals. For example, multiple COT structure indications might be needed in every mini slot if discarding option is considered while only one COT structure indication is needed in the first mini slot if deferring scheme is used. Detection mechanism of periodic signaling such as CSI-RS will be different when distinct options are considered. The sequences on the DMRS of PDSCH and PDCCH for the slot/mini slot may also be impacted as they are related to slot/symbol index in NR Rel-15.
[bookmark: _Ref528079252]Proposal 4: The following two options to implement mini-slot/slot scheme could be considered. 
· Option 1: The symbols of mini slot/slot(s) is discarded if LBT fails on corresponding mini slot/slot(s).
· Option 2: Mini slot/slot(s) transmission is deferred until the LBT succeeds and the symbols of mini slot(s) beyond slot boundary is (are) punctured.

Enhancements to mapping type B PDSCH transmission
As discussed in our companion contribution [7], at most 2 SSBs and the corresponding RMSI may be transmitted within one slot, and duration of each DRS block that consists of one SSB and the corresponding RMSI could be at most 7 symbols. When 1 or 2 symbol(s) are used for RMSI CORESET, RMSI PDSCH could occupy 5 or 6 symbols. In such case, mini slot with length of 5 and/or 6 symbols shall be supported in NR-U at least for RMSI PDSCH transmission. 
For mapping type B PDSCH, if PDSCH is transmitted in the same symbol as CORESET configured for GC-PDCCH, PDSCH shall rate-match around the configured CORESET. Furthermore, when time/frequency resources allocated for GC-PDCCH is fixed, only those reserved resources that are subset of CORESET (if present) instead of the whole CORESET will be punctured in the allocated PDSCH. In addition, if PDSCH is transmitted in the same symbol as the CORESET configured for GC-PDCCH, PDSCH DMRS cannot be transmitted at that symbol. According to NR Rel-15, time location of PDSCH DMRS shall be shifted. For example, when 1 symbol CORESET is configured for 2 symbol mini slot, PDSCH DMRS could be transmitted at the second symbol 2; when 1/2 symbol CORESET is configured for 4 symbol mini slot, PDSCH DMRS could be transmitted at the second/third symbol, respectively.  
Proposal 5: At least 5 symbol and/or 6 symbol mapping type B PDSCH shall be introduced to support RMSI transmission in NR-U. 
Proposal 6: DMRS for mapping type B PDSCH will be transmitted at the first available symbol which doesn’t collide with configured CORESET.

PDCCH transmission and monitoring in time domain
DL burst identification
According to the agreement in RAN1 Adhoc#1901 meeting, at least DMRS of any [PDCCH or GC-PDCCH] can be used by the UE to detect transmission bursts by the serving gNB. DMRS of GC-PDCCH is more preferred than DMRS of UE specific PDCCH because the initial signal is required by all the UE within the serving cell.  In order to reduce false detection rate (correspondingly improve miss detection performance), GC-PDCCH at beginning of COT could be detected together with its DMRS if the UE is configured to monitoring GC-PDCCH. The flexibility of GC-PDCCH in Type3-PDCCH common search space can be restricted in order to avoid blind decoding. For example, the GC-PDCCH can use fixed aggregation level for a predefined PDCCH candidate in the Type3-PDCCH common search space. The GC-PDCCH and its DMRS at beginning of COT could also provide extra functionalities, such as fine synchronization, phase tracking and spatial reuse and COT structure indication. 
The detection performance is also evaluated in our companion paper [5], showing that GC-PDCCH with the corresponding DMRS provides good detection performance.
Proposal 7: The group common PDCCH together with its DMRS could be used by UE to identify the DL burst from serving cell. 
· FFS: mechanism to reduce blind decoding of GC-PDCCH
· FFS: wideband DMRS for GC-PDCCH
GC-PDCCH and its DMRS could be transmitted at the beginning of a gNB’s acquired COT. Considering the UE will miss all resources allocated to it within the COT when missing GC-PDCCH, it is beneficial to transmit the GC-PDCCH multiple times within a COT, e.g. similar mechanism as DCI format 2_0 with CRC scrambled by SFI-RNTI. Besides, DCI content indicating COT structure could be updated since it may indicate the remaining COT information.
Proposal 8: NR-U should support to transmit GC-PDCCH and its DMRS multiple times within a gNB’s acquired COT.
Dynamic adjustment of PDCCH monitoring in NR-U
In NR Rel-15, a UE can be semi-statically configured to monitoring PDCCH within the first 3 OS of a slot or any OS of a slot or both. Different from the use case of URLLC, the UE is only required to monitor PDCCH more frequently at the beginning of the COT. It allows NR-U to start transmission as soon as possible once the gNB passes LBT. Increasing the monitoring period in the remaining COT helps to reduce UE’s energy consumption on PDCCH blind detection. Thus, NR-U UE should support a PDCCH search space configuration which allows the UE dynamically adjust monitoring periodicity depending on the start of DL burst, according to following steps:
1. When outside of gNB’s COT, the UE will only perform GC-PDCCH detection according to limited type-3 PDCCH common searching space configuration at every possible starting position periodically in order to save power. The UE identifies start of DL burst from serving cell once the GC-PDCCH is detected.
2. After the UE detects start of DL burst in a slot duration until the first full slot boundary, the UE could continue monitoring PDCCH at each possible starting positions in the remaining partial slot. If the UE detects start of DL burst right at the slot boundary, go to step 3.
3. From the first full slot until the end of the DL COT, the UE could only detect PDCCH at the first 3 symbols of each slot. 
An example is illustrated in Figure 4.
[image: ] 
[bookmark: _Ref534308333]Figure 4 dynamic adjustment of PDCCH monitoring
 
Proposal 9: NR-U should support a PDCCH search space configuration allowing different PDCCH monitoring occasion configurations before and after the first slot boundary of a COT in terms of UE power consumption.

Indication of COT structure
In TR38.889, it is identified beneficial to indicate COT structure in additional to the functionalities provided by DCI format 2_0. It can be carried in the GC-PDCCH transmitted at the beginning of COT and within the duration of COT as described in section 3.1. The transmission of COT indication in NR-U should be more flexible than that of DCI format 2_0 in NR Rel-15 due to impact of LBT. 
Support flexible starting position
In NR Rel-15, the monitoring occasions of DCI format 2_0 are configured by higher layer signaling. It is restricted within the first 3 OFDM Symbols in a slot with a periodicity in the unit of slot. If a COT starts at the 4th OFDM symbol of a slot (i.e. a partial slot), the UE cannot obtain slot format of the first partial slot. In NR-U, the restriction should be relaxed which allowing UE monitoring DCI Format 2_0 carrying COT structure indication at each possible start point in a slot before the UE identifies the DL burst from serving cell. Then the UE can scale up the monitoring periodicity within the COT in case there is an update on the COT structure broadcasted by the gNB. The COT structure indication should be prepared in advance if it is expected to be transmitted at the beginning of COT considering the processing delay. The COT structure indication reflects slot format from the slot carrying DCI format 2_0 no matter where the starting point within a slot. The UE could obtain slot format of partial slot at the beginning of COT from the SFI corresponding to the first slot and the starting point in the slot jointly.  
Proposal 10: UE could monitor DCI Format 2_0 carrying COT structure indication at each possible starting point in a slot before UE identifies the DL burst from serving cell. 
Proposal 11: The COT structure indication reflects slot format from the slot carrying DCI format 2_0 carrying COT structure indication no matter where the starting point in a slot. UE could obtain slot format of partial slot at the beginning of COT from the SFI corresponding to the first slot and the starting point in the slot jointly.

Support flexible ending position
SFI carries slot format with a minimum granularity of one slot. The last slot within a COT may also be a partial slot. The SFI corresponds to the last partial slot that across the COT boundary should reflect symbols inside and outside of COT as well as ‘Downlink’, ‘Uplink’ and ‘Flexible’. The following two options could be considered:
Option 1: Indicating a reference symbol S in the last slot of the COT. The SFI corresponding to the last slot is only applicable to the symbols not later than the reference symbol S. The remaining symbols in the slot are outside of COT.   
Option 2: Defining a new ‘Out of COT’ state for slot format indication. New entries could be introduced into NR Rel-15 SFI table to indicate state of each symbol in the last slot as ‘downlink’, ‘uplink’, ‘flexible’ or ‘out of COT’.
Proposal 12: The following two method could be considered for slot format indication for the last partial slot within a COT.
Option 1: introducing a reference symbols for the ending slot
Option 2: introducing new entries in the SFI table including a new state indicating ‘out of COT’
Support Pause functionality
In unlicensed band, ‘pause’ state has been introduced in LTE to facilitate the indication of a duration for UL grant. However, there is no ‘pause’ state can be indicated by DCI format 2_0. Currently, only 3 states for OFDM symbols are included, i.e. ‘D’ for DL reception for UE, ‘U’ for UL transmission for UE, ‘F’ for flexible. However, all of 3 states indicated by SFI has to follow pre-defined UE behavior to solve the conflict configuration between semi-static configured resource and dynamic indicated resource by SFI, and none of them can well support the UE behavior of ‘pause’.  For example, the UE behavior is given by following Table 1. 
Table 1: UE behavior for semi-static configuration and dynamic configuration.
(√: follows dynamic configuration by SFI, X: follows semi-static configuration)
	
	Semi-static configured

	
	D
	U
	F

	Dynamically configured by DCI format 2_0
	D
	√
	X
	√

	
	U
	X
	√
	√

	
	F
	X
	X
	√

	
	P
	√
	√ 
	√


According to Table 1, if a resource is semi-statically configured as Downlink or Uplink, all existing symbol state (i.e. ‘D’, ‘U’, and ‘F’) indicating by DCI format 2_0 cannot override the semi-static configured resource. As a results, UEs have to follows semi-static configurations, once symbol states are configured by ‘D’ or ‘U’. Therefore, it is preferred to introduce the ‘pause’ state for COT indication. The UE does not expect to neither receive nor transmit in the set of symbols of the slot indicated as ‘pause’ by SFI-index field value in DCI format 2_0, even if the set of symbols have been configured as ‘D’ or ‘U’ by RRC signaling, as depicted in Table 1. 
Proposal 13: NR-U should support indicating “Pause” state within the COT.

Support bandwidth indication
When BWP larger than 20MHz is configured, it is possible for the gNB to dynamically transmit on part of BWP in frequency domain either due to LBT failure on part of LBT subband(s) or traffic fluctuation. The gNB could use COT structure to indicate the actual transmission bandwidth. More discussion can be found in our companion paper [6].
Proposal 14: NR-U shall support indicating actual transmission bandwidth of DL burst.

Consideration on sequence generation of PDSCH/PDCCH DMRS within a COT 


The current sequence generation of PDSCH and PDCCH DMRS in Rel-15 NR depends on the index of the slot and the symbol where the RS is located. As PDCCH DMRS will be used to identify DL burst, the gNB needs to prepare multiple versions or regenerate it in a short time repeatedly after it is contending for channel access, as it does not know when channel access succeeds. For simplicity, it is also possible to generate PDSCH and PDCCH DMRS independent of symbol and slot number for the whole DL burst. For example, we can always set symbol index  and slot index  in the following equation to 0. In such case, the performance of interference whitening might be compromised.
[image: ]	(1)
Alternatively, the DMRS sequence generation can be enhanced by following mechanism
1) For the DMRS of PDCCH(s) and PDSCH(s) in the first slot of a DL burst, always set slot and symbol number in sequence generation equation (1) to 0.
2) For the PDCCH and PDSCH DMRS(s) in the rest of slot of DL burst, set slot number relative to the start of DL burst.
Once UE correctly decodes the GC-PDCCH and its DMRS, UE can acquire the relative slot number which is used to generate DMRS sequence of other PDCCH and PDSCH in the DL burst. It is also beneficial to transmit additional GC-PDCCHs within a DL burst, in case UE fail to detect at the beginning of DL burst. Considering these UE cannot recover relative slot numbers, the DMRS sequence(s) of GC-PDCCH(s) within the DL burst should also be generated by setting slot and symbol number in equation (1) to 0. The actual slot offset from detected GC-PDCCH to the start of DL burst could be carried in GC-PDCCH, by which UE can recover the relative slot number used to generate DMRS sequences of the following PDCCH(s) and PDSCH(s). 
Proposal 15: The slot and symbol number used to generate DMRS sequence(s) of PDSCH(s) and PDCCH(s) in the 1st slot of a DL burst should be set to 0.  The slot numbers used to generate DMRS sequences of PDSCHs and PDCCHs in the following slots of the DL burst are relative to the slot where DL burst starts.
FFS: slot number configuration where additional GC-PDCCH(s) are transmitted within the DL burst.  

NR-U CORESET configuration and monitoring in wideband BWP
In this section, consideration on NR-U CORESET configuration in frequency domain is discussed.
As per the previous agreement, LBT can be performed in each sub-band with channel bandwidth of 20MHz. Since the actual transmission bandwidth is dynamic due to LBT outcome, the CORESET is preferred to be configured within a 20MHz sub-band. Otherwise, if CORESET is configured with bandwidth larger than 20MHz and REG bundle interleaving is enabled, NR-PDCCH REG bundle(s) will be uniformly distributed in the frequency domain that assigned to the CORESET, and part of REG bundle(s) may become void if LBT of the corresponding sub-band LBT fails, which will lead to decoding failure of the whole PDCCH. When REG bundle interleaving is disabled, the actual allocated REG bundle for PDCCH could be constrained within one 20MHz sub-band even if the bandwidth of configured CORESET is larger than 20MHz. However, decoding performance of PDCCH may be degraded since the frequency diversity gain cannot be obtained via REG bundle interleaving. Therefore, NR-U CORESET is preferred to be configured within a 20MHz sub-band.
As discussed above, when the CORESET is configured within a 20MHz channel, the following two alternatives, which is shown in Figure 6, could be considered for the CORESET configuration in NR-U:
Alternative 1: The CORESET configuration is duplicated in each sub-band. When LBT for at least one sub-band succeeds, the corresponding CORESET is valid and the CORESET configuration will not be impacted by LBT. However, the signaling overhead is comparatively larger in case there are a large number of available sub-bands.
Alternative 2: The CORESET is only configured in one fixed sub-band. However, the CORESET configuration becomes void when LBT fails. In this case, the gNB loses the transmission opportunity and the spectral utilization efficiency decreases.



[bookmark: _Ref533769457]Figure 6 Possible NR-U CORESET configuration schemes

In order to mitigate LBT impact on the CORESET configuration while keeps the signaling overhead comparatively small, enhancement on CORESET configuration shall be investigated in NR-U. For example, if LBT for the configured sub-band for CORESET fails, the gNB may attempt to transmit CORESET in another sub-band that passes LBT. This sub-band switching pattern for CORESET shall be known at both gNB and UE side, which could be configured to the UE via RRC signaling. Then the UE can get the corresponding control information, if any, accordingly. If multiple CORESETs are configured simultaneously, and only partial sub-bands are available to transmit, then additional rules shall be defined to determine which CORESET(s) will be transmitted and the corresponding sub-band used for transmission.
Proposal 16: CORESET shall be configured within the bandwidth of sub-band LBT in NR-U, e.g. 20MHz.

Periodic CSI-RS transmission
In NR, CSI-RS is used for CSI acquisition and beam management, and both periodic and aperiodic configurations are supported. In NR-U, since LBT procedure is required for all DL/UL transmissions and hence periodic CSI-RS transmission cannot be guaranteed. However, based our understanding, it shall also be supported in NR-U. Two main reasons are elaborated as follows.
1. Signaling overhead reduction: For periodic CSI-RS transmission, the corresponding periodicity/offset, and transmission time/frequency allocation configuration are indicated by RRC signaling. Hence, 1 or limited bit is required to be carried by DCI to trigger such transmission. While for aperiodic CSI-RS transmission, more signaling bits are required for transmission resource indication. 
2. Power consumption reduction: For a UE that configured with periodic CSI-RS, it may not need to periodically monitoring COT indication. Instead, it only measures CSI-RS at the pre-configuration time/frequency location. On the other hand, for a UE that configured with aperiodic CSI-RS, it shall continuing monitoring trigger DCI at every one/multiple slot(s) within current COT to ensure the aperiodic CSI-RS is successfully detected.
When period CSI-RS is configured, it could be transmitted even if configured transmission occasion falls outside of COT. More precisely, the gNB shall also perform LBT prior to the pre-configured CSI-RS occasion in case there is no DL data to transmit. Since the actual transmission state of periodic CSI-RS depends on dynamic LBT results, the gNB will send notification after CSI-RS transmission occasion(s) with regard to transmission state(s) of one or multiple periodic CSI-RS, and measurement results at UE side could be updated accordingly.
Observation 3: Considering the above advantages, periodic CSI-RS transmission shall be supported in NR-U even if periodic transmission cannot be guaranteed due to LBT.
Proposal 17: The gNB shall also attempt to transmit periodic CSI-RS that falls outside of COT.

Conclusions
In this contribution, we mainly discuss enhancement on flexible starting positions for PDSCH/PUSCH, PDCCH transmission and monitoring, CORESET configuration in wideband operation. Considerations on the initial signal design and indication of COT structure are also discussed. Based on the discussion, we have made the following observations and proposals:

Observation 1: Allowing around 8 transmission starting opportunities within a subframe could achieve most of the gain from finer channel access granularity. 
Observation 2: PDSCH mapping types supported in NR Rel-15 provide enough flexibility for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
Observation 3: Considering the above advantages, periodic CSI-RS transmission shall be supported in NR-U even if periodic transmission cannot be guaranteed due to LBT.

Proposal 1: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.
Proposal 2: NR-U should consider the tradeoff between frequent start points and overhead introduced by scheduling large number of PDSCH with PDSCH mapping type B.
· When a UE is configured with a BWP of 60 kHz SCS, it is beneficial to allow DL burst starts from every 7-OS. 
· When a UE is configured with a BWP of 15/30 kHz SCS, it is beneficial for a gNB to transmit a series of non-uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols.
Proposal 3: Time domain PDSCH scheduling information determination could use the starting/ending symbol position of PDCCH as the reference point.
Proposal 4: The following two options to implement mini-slot/slot scheme could be considered. 
· Option 1: The symbols of mini slot/slot(s) is discarded if LBT fails on corresponding mini slot/slot(s).
· Option 2: Mini slot/slot(s) transmission is deferred until the LBT succeeds and the symbols of mini slot(s) beyond slot boundary is (are) punctured.
Proposal 5: At least 5 symbol and/or 6 symbol mapping type B PDSCH shall be introduced to support RMSI transmission in NR-U. 
Proposal 6: DMRS for mapping type B PDSCH will be transmitted at the first available symbol which doesn’t collide with configured CORESET.
Proposal 7: The group common PDCCH together with its DMRS could be used by UE to identify the DL burst from serving cell. 
· FFS: mechanism to reduce blind decoding of GC-PDCCH
· FFS: wideband DMRS for GC-PDCCH
Proposal 8: NR-U should support to transmit GC-PDCCH and its DMRS multiple times within a gNB’s acquired COT.
Proposal 9: NR-U should support a PDCCH search space configuration allowing different PDCCH monitoring occasion configurations before and after the first slot boundary of a COT in terms of UE power consumption.
Proposal 10: UE could monitor DCI Format 2_0 carrying COT structure indication at each possible starting point in a slot before UE identifies the DL burst from serving cell. 
Proposal 11: The COT structure indication reflects slot format from the slot carrying DCI format 2_0 carrying COT structure indication no matter where the starting point in a slot. UE could obtain slot format of partial slot at the beginning of COT from the SFI corresponding to the first slot and the starting point in the slot jointly.
Proposal 12: The following two method could be considered for slot format indication for the last partial slot within a COT.
Option 1: introducing a reference symbols for the ending slot
Option 2: introducing new entries in the SFI table including a new state indicating ‘out of COT’
Proposal 13: NR-U should support indicating “Pause” state within the COT.
Proposal 14: NR-U shall support indicating actual transmission bandwidth of DL burst.
Proposal 15: The slot and symbol number used to generate DMRS sequence(s) of PDSCH(s) and PDCCH(s) in the 1st slot of a DL burst should be set to 0.  The slot numbers used to generate DMRS sequences of PDSCHs and PDCCHs in the following slots of the DL burst are relative to the slot where DL burst starts.
FFS: slot number configuration where additional GC-PDCCH(s) are transmitted within the DL burst.  
Proposal 16: CORESET shall be configured within the bandwidth of sub-band LBT in NR-U, e.g. 20MHz.
Proposal 17: The gNB shall also attempt to transmit periodic CSI-RS that falls outside of COT.
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20MHz,DL UPT

DL start at every 14OS	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

NRU 15K DL	NRU 30K DL	NRU 60K DL(24RB)	NRU 60K DL(26RB)	71.6404	79.125200000000007	78.493700000000004	86.396199999999993	base 
line	10%	10%	21%	DL start at every 7OS	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

NRU 15K DL	NRU 30K DL	NRU 60K DL(24RB)	NRU 60K DL(26RB)	78.737200000000001	83.714200000000005	80.479200000000006	88.052999999999997	10%	17%	12%	23%	DL start at every 2OS	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

NRU 15K DL	NRU 30K DL	NRU 60K DL(24RB)	NRU 60K DL(26RB)	82.097499999999997	84.962900000000005	81.365200000000002	88.918700000000001	15%	19%	14%	24%	DL start at every 1OS	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

NRU 15K DL	NRU 30K DL	NRU 60K DL(24RB)	NRU 60K DL(26RB)	82.375500000000002	84.972499999999997	81.562700000000007	89.038600000000002	15%	19%	14%	24%	
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