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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#94bis, the following agreements were achieved [1].
Agreement:
It has been identified that support of different numerology candidates at least has the following specification impacts.
	[bookmark: _Hlk525830964]Item
	15/30 kHz SCS
	60 kHz SCS

	UL Interlace Design
	PRB-based interlacing has following spec impacts.
· Number of interlaces
· Number of PRBs per interlace
· Resource allocation
· Channel estimation aspects (e.g., impact on PRG)

	PRB-based interlacing has following spec impacts,
· Number of interlaces
· Number of PRBs per interlace
· Resource allocation
· Channel estimation aspects (e.g., impact on PRG)
In addition to above impacts, sub-PRB-based interlacing has following spec impacts,
· Reference signal design (e.g., DMRS )
· Resource allocation

	NR-U DRS Design
	· SS/PBCH block time domain pattern is already supported in Rel-15

	· SS/PBCH block time domain pattern is not supported in Rel-15
· FFS for scaling Rel-15 design or new design
· SS/PBCH block – CORESET configuration tables (38.213, Section 13) is not supported in Rel-15



Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Agreement:
It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.

Agreement:
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.
· 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
· FFS for signaling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.

Agreement:
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.

In this contribution, we provide our further views on the topics of numerology and frame structure from the following perspectives.
· Benefits of 60 KHz SCS 
· PDSCH transmission in the starting partial slot
· Indication of COT structure 
· BWP operation for when serving cell configure with bandwidth larger than 20MHz.  

Applicable subcarrier spacing and carrier bandwidth for NR-Unlicensed
NR R15 supports 15 kHz, 30 kHz and 60 kHz subcarrier spacing for both downlink and uplink data channel. For 60 kHz SCS, both NCP and ECP are supported. NRU is preferable to adopt larger subcarrier spacing, e.g. 60 kHz, because of the reduced symbol duration and slot duration. This has the following benefits:
· increase the channel access opportunities (reduce the risk when channel is taken during self-deferral)
· Reduce overhead in DL/UL switch point
· Reduce PDSCH to HARQ feedback latency
· Reduce UL grant to PUSCH latency
· reduce control/RS overhead compared with mini slot of smaller SCS 
[bookmark: _GoBack]The UPT performance of 15 kHz, 30 kHz and 60 kHz SCS for NSA mode are compared in Figure 1 considering 20MHz CC, and the coexistence evaluation for these numerologies are provided in our companion paper [2]. From Figure 1, it is observed that NRU operating with 15 kHz, 30 kHz and 60 kHz SCS in both coexisting and single deployment scenarios assuming spectrum utilization in NR R15 provide roughly same DL UPT because all numerologies has similar channel access granularity (around 7 start points per millisecond). 60 kHz SCS has obvious benefit in UL UPT over 15 kHz and 30 kHz. The performance gain is even larger in the coexisting scenario with 802.11ac systems due to finer scheduling granularity in time domain and faster channel access. If 60 kHz could achieve similar spectrum utilization as 15 kHz and 30 kHz SCS, e.g., 60 kHz with 26 available PRBs within 20MHz, the performance gain of 60 kHz SCS over other subcarrier spacing in both DL and UL will be further amplified. The potential enhancement of spectrum utilization in unlicensed band will be discussed in detail in our companion paper [3].
[bookmark: _Ref528079171]Proposal 1: 60 kHz SCS is beneficial for both DL and UL data channel from the following perspective.
· increase the channel access opportunities (reduce the risk when channel is taken during self-deferral)
· Reduce overhead in DL/UL switch point
· Reduce PDSCH to HARQ feedback latency
· Reduce UL grant to PUSCH latency
· reduce control/RS overhead compared with mini slot of smaller SCS
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[bookmark: _Ref528055799]Figure 1 UPT (Mbps) performance for 15 kHz, 30 kHz and 60 kHz SCS on 20MHz bandwidth
A larger SCS also facilitates the single wideband carrier operation. Operating with a single wideband carrier allows reducing the control overhead and avoids the use of guard tones between carriers when scheduling a large packet. Besides, the single wideband carrier could have more flexible retransmission scheduling and less control overhead for the activation and deactivation of multiple CCs when coexisted with narrowband interferers. And for the same system bandwidth, a larger SCS requires a smaller FFT size, and hence reduces the implementation complexity. In NR R15, the maximum bandwidth supported for 15/30/60kHz SCS is 40/80/160MHz respectively. In sub 6GHz, the maximum bandwidth of a serving cell is 100MHz. The latest WiFi system (802.11ac/ax) supports 160MHz per carrier and it is discussing to support 320MHz channel bandwidth in the next generation after 802.11ax, named Extreme High Throughput (EHT) [4].  In order to compete with latest and emerging WiFi systems, NRU should also consider to support carrier bandwidth larger than 100MHz in Sub 7GHz, e.g. 160MHz at 60 kHz SCS.
[bookmark: _Ref528079204]Proposal 2: NRU should consider supporting serving cell with bandwidth larger than 100MHz with 60 kHz SCS in sub 7GHz
LTE LAA supports 15 kHz SCS with around 4.7us NCP. In order to achieve similar coverage as LTE LAA, either supporting 15 kHz SCS+NCP or 60 kHz SCS+ECP is necessary, since the normal CP length is reduced along with the symbol duration for a larger SCS. For example, if the SCS is 60 kHz, the symbol duration is 16.67us, and the corresponding CP duration will be reduced to around 1.2us.Due to the same consideration, IEEE802.11ax still keeps 3.2us CP as mandatory while SCS is reduced to 78.125 kHz. 
[bookmark: _Ref528079213]Proposal 3: Supporting NCP for 15 kHz SCS or Extended CP for 60 kHz SCS is beneficial for NRU to achieve similar coverage as LAA R13 and 802.11ax.
It is identified beneficial to configure same numerology for all DL signals/channels or UL signals/channel in some scenarios from the perspectives of UE implementation complexity, specification impact and measurement gap. Whether configuring DL and UL signal/channels with the same numerology or not is FFS. Considering different hardware limitation and channel access mechanism in DL and UL, we believe it is still beneficial to have different numerology configuration for DL and UL transmission. One use case is to configure smaller subcarrier spacing in UL than DL. The larger power boost from interlace with smaller SCS could provide UE additional coverage. The larger SCS in DL would also reduce the FFT calculation at UE side to decode DL channel. On the contrary, considering limited number of start points in PUSCH compared with PDSCH, configuring larger SCS for UL than DL could alleviate the performance loss in UL as observed in figure 1. NR R15 provided flexibility to configure different numerology for different scenarios. NRU could adopt most of design without additional standard and implementation effort.  Noted that 802.11ax also adopt different SCS in the preamble and data payload in a PPDU. AP and non-AP STA could freely switch between legacy 802.11 SCS and 11ax SCS per PPDU. 
[bookmark: _Ref528079218]Proposal 4: Multiple numerologies in NR R15 are still beneficial in NRU to cater with various hardware limitation and channel access mechanism between uplink and downlink in NRU. 
More frequent start/ending points in NR-Unlicensed
[bookmark: OLE_LINK23][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29]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. 
In RAN1#92bis meeting, it was already agreed that NR-U supports both Type-A and Type-B mapping already supported in NR, and additional starting positions and durations are not precluded. In order to support flexible starting positions for PDSCH, multiple PDSCHs with various lengths have to be prepared at the gNB side since there is not enough time for packet generation between the end of LBT and the start of PDSCH transmission. This increases the processing burden of the gNB. In addition, the UE is required to monitor CORESET at all possible starting positions in each slot before COT is established, which also increases the UE power consumption. One potential solution is that UE is configured to perform PDCCH monitoring on all  possible starting positions before the first slot boundary of a COT (e.g until UE can receive a COT structure indication ), and then continues to monitor PDCCH only at slot boundaries after that. 
[bookmark: _Ref528079222]Proposal 5: NR-U should support different PDCCH monitoring occasion configuration before and after the first slot boundary of a COT in terms of UE power consumption.
And 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 2.
[bookmark: OLE_LINK13]   

[bookmark: _Ref528070401]Figure 2 . 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.
[bookmark: _Ref528079149]Observation 1: Allowing around 8 transmission starting opportunities within a subframe could achieve most of the gain from finer channel access granularity. 
[bookmark: _Ref528079227][bookmark: OLE_LINK36]Proposal 6: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.
Flexible start position for PDSCH
When a UE is configured with a BWP of 60 kHz SCS, It is frequent enough to configure UE monitoring CORESET every 7 OS before detecting DL burst according to the observation above. 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 frequent CORESET monitoring occasion before detecting DL burst, e.g. every one or two OS.  According to NR R15, 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 3, 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 3 Flexible start points with uniform mini slot 
Considering there are only 3 mini slot length (2,4 and 7 OS) supported in R15 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 4, 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. 


[bookmark: _Ref528072922]Figure 4 Flexible start point with non-uniform mini slot 
[bookmark: _Ref528079231]Observation 2 PDSCH mapping types supported in NR R15 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 7: NRU 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 to for gNB to transmit a series of non-uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols.
There are two ways the gNB can handle the symbols of mini-slot/slot transmissions which are occupied by the 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, the multiple COT structure indication 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. The detection 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 R15.
[bookmark: _Ref528079252]Proposal 8: 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.
Flexible start position for PUSCH transmission
In FeLAA unlicensed spectrum operation, multiple starting and ending positions in a sub-frame for uplink on the SCell with Frame structure type 3 are supported, where a UE may start at symbol #0 or symbol #7 depending on the outcome of LBT. The TBS is determined as for the full sub-frame regardless of the starting point and the first 7 symbols are punctured when transmission starts at symbol #7. This simplifies the complexity of UE implementation and gNB scheduling because if the TBS was scaled according to the start position of PUSCH, e.g. symbol #7, the UE would have to re-encode and re-modulate half of the transport block, and push the other half back to MAC. 



Figure 5 FeLAA scheme of multiple starting points for uplink transmission
In NR-U, the SCS of lager than 15 kHz (e.g 30 kHz, 60 kHz) may be used in uplink, and the process time is more urgent than FeLAA.  In order to support multiple starting positions of PUSCH transmission, a similar scheme can be considered to reduce complexity in both UE and gNB. TBS should be decided by total scheduled symbols within a slot and no TBS scaling is considered when only part of the scheduled symbols are transmitted.
[bookmark: _Ref528079258]Proposal 9 : To reduce complexity in UE and gNB side, it is preferred in NR-U for PUSCH transmission that despite the uncertainty of LBT outcome, the TBS is determined according to the full scheduled symbols regardless of the starting point and no extra TBS scaling is considered.
[bookmark: _Ref129681832]Indication of COT structure
In RAN1#94bis, it is identified beneficial to indicate COT structure. Currently in NR Rel.15, a set of slot format combinations can be provided by higher layer parameter, where each slot format combination in the set of slot format combinations includes the DL/UL configuration of one or more slot(s) and a mapping for the slot format combination to a corresponding SFI-index field value in DCI format 2_0. However, more requirement for COT indication in NR-U should be supported, e.g. flexible starting/ending position, UL transmission pause etc., further improvements of slot structure indication are required to support the COT indication. 
· Support Flexible starting/stopping position
If fully reuse the slot format indication for licensed band, it cannot well support the flexible indication of flexible starting/stopping position. 
Firstly, the monitoring occasions configured for DCI format 2_0 are not flexible. The monitoring occasions for DCI format 2_0 can only be configured with the granularity of one slot and it can only be configured within first 3 OFDM of the slot. Even if a UE is configured to monitor the DCI format in each slot and regardless of the detection errors of DL control channel, it still cannot guarantee that the UE can detect the DCI format 2_0. For example, if the COT is starting at the 4th OFDM symbol of a slot (i.e. a partial slot), UE cannot obtain the slot structure of the first partial slot. 
Secondly, the ending position of the indicated slot format combination has to be the slot boundary, since the minimum granularity of slot format indication is one slot. DCI format 2_0 indicates one of combinations within a set of slot format combinations configured by higher parameter, the indicated combination corresponds to the slot format of integer number of slots. Therefore, the ending position of the indicated slot formats has to be the boundary of a slot. In order to support flexible ending position of COT, further improvement should be introduced. 
[image: ]
Figure 6 Slot format indication of COT by DCI format 2_0. 
· 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,)
	Dynamic
configured
	Semi-static configured

	
	D
	U
	F

	DCI format
2_0
	D
	√
	X
	√

	
	U
	X
	√
	√

	
	F
	X
	X
	√


According to Table 1, if a resource is semi-statically configured as Downlink or Uplink, DCI format 2_0 cannot override the semi-static configured resource. It means that UE cannot fully ‘pause’. Moreover, if the ‘pause’ state is introduced for COT indication, UE behavior should be further defined. 
[bookmark: _Ref528587274]Proposal 10: NR-U shall support indication of the COT structure: 
· Monitoring occasions within a slot should be support for DCI format 2_0
· Partial slot format indication should be supported by DCI format 2_0 
· Pause state should be additionally supported by the indication of DCI format 2_0
BWP operation in NR unlicensed carrier
Dynamic transmission bandwidth adaptation
In the agreement of RAN1#94bis, NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz. 4 options were identified as candidates for BWP-based operation within a carrier with bandwidth larger than 20 MHz. When free of narrow band operation of coexistence systems cannot be guaranteed, subband LBT performed in units of 20MHz is necessary for transmitter to avoid using the subband already occupied. Option 1a, 1b and 3 can dynamically adapt transmission bandwidth based on LBT results while option 2 only allows transmission when all subband LBT succeed. In Figure 7, it is observed that system suffers around 16% UPT loss when wideband transmission is only allowed if all LBT subbands succeed channel contention.  

[bookmark: _Ref528077896]Figure 7 UPT comparison of NRU with and without dynamic transmission bandwidth adaptation when coexists with 20MHz coexisting system 
[bookmark: _Ref528079263]Proposal 11: it is beneficial to support BWP operation with dynamic transmission bandwidth adaptation.
Review of active BWP switching operation in NR licensed carrier
Option 1b achieves dynamic transmission bandwidth adaptation by active BWP switching. It is supported in NR R15. In current design, active BWP switching can be performed via scheduling DCI or a timer-based mechanism or RRC reconfiguration. 3GPP RAN4 has discussed a number of aspects associated with BWP reconfiguration scenarios and the associated switching delays. The minimum BWP switching time is 750us assuming 60 kHz SCS [5]. 
If the active BWP switching in NR licensed carrier is applied to NR unlicensed to support dynamic bandwidth transmission, BWP switching delay will degrade the spectrum utilization efficiency in unlicensed carrier, especially when the channel occupancy time is small (such as 2ms or 3ms as defined in LTE LAA). gNB can transmit scheduling DCI for BWP switching after acquiring the new BWP. However since gNB can only generate this DCI after LBT, there exists a delay between acquiring the new BWP and transmitting DCI. This delay may impact the resource efficiency in unlicensed carrier. On the other side, gNB can transmit the scheduling DCI for BWP switching before acquiring the new BWP. However there would be a mismatch between the previous scheduling DCI and available BWP after LBT.
In summary, the current BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT especially due to the switching delay.
[bookmark: _Ref528079154]Observation 3: BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT due to the switching delay. 
Enhancements on BWP operation in NR unlicensed carrier 
There are in general two approaches to overcome the issues incurred by BWP switching delay.
- Multiple active BWPs (option 1a)
One approach is to activate multiple non-overlapping BWPs for a UE within a wide component carrier, as illustrated in Figure 8. To maximize the resource utilization efficiency, the BWP bandwidth can be the same as the bandwidth of LBT subband, i.e. LBT is carried out on each BWP. Since more than one LBT subband can succeed, this approach requires the UE to have the capability of supporting multiple narrow RF bandwidths or a wide RF bandwidth which includes these multiple active BWPs. Since all BWPs are active simultaneously for a UE, there is no BWP switching in this approach. The operation of each active BWP is independent of the others, which has the following benefits
· Each BWP is scheduled independently. One TB is transmitted over each active BWP (if corresponding LBT succeeds), and so, link adaptation gain can be achieved by adapting the MCS of the TB transmit over each BWP based on the narrowband CSI of the BWP. 
· The BWP operation per active BWP is a limited version of the BWP operation supported in NR Rel-15. Therefore, the BWP operation of NR Rel-15 can be reused for each active BWP here.
The multiple active BWPs can be easily extended from a single active BWPs in Rel-15:
· Only support self-scheduled within one active BWP, which is Rel-15 behavior.
· HARQ is independent maintain per active BWP, no across active BWP re-transmission, which is Rel-15 behavior.
· For power control, reuse single BWP power control if UE have one PA for multiple active BWPs
· For RRM/RLM, reuse Rel-15, per cell RRM/RLM
· For DRX, reuse Rel-15, common DRX for all active BWPs
· For uplink timing, reuse Rel-15, common uplink timing for all active BWPs
Observation 4: There are marginal specification impacts to support multiple active BWPs.
- Single active BWP (option 3)
The other approach is to activate single wideband BWP for a UE within a component carrier, as illustrated in Figure 8. Similar to option 1a, there is no BWP switching in this approach, and so, retuning of local oscillator and reconfiguration of RF chain is not needed. The bandwidth of wideband BWP can be in multiple LBT subband. For example, if the LBT subband is 20MHz in 5GHz band, the wideband BWP can consist of multiple 20MHz. The actual transmission bandwidth is subject to subband LBT success, which will result in dynamic transmission bandwidth within this active wideband BWP. The inband leakage and blocking issues are discussed in our companion paper [6]. 
When UE is scheduled with PDSCH/PUSCH across subband within the single wideband BWP, the scheduled resources would be punctured partially due to this dynamic bandwidth, since it may be hard to re-schedule or re-generate PHY packets according to the LBT results in a short time. It is beneficial for the receiver to know about the actual transmission bandwidth. The RE scheduled but not transmitted can be excluded from decoding of initial transmission or combination of retransmission. The transmission bandwidth can be either indicated explicitly or implicitly. As discussed in [7] , NR-U can consider identifying DL burst using existing RS, e.g. wideband DRMS or TRS. This can also be applicable to identify the actual transmission bandwidth in DL. gNB can also identify the UL transmission bandwidth by detecting the UL DMRS. It should be noted that this information is also beneficial to filter out the unexpected adjacent interference as discussed above. Consequently how to indicate the actual transmission can be further investigated.
[image: ]
[bookmark: _Ref528585887]Figure 8 Option 1a and Option 3 for BWP operation in NR unlicensed carrier
[bookmark: _Ref528079268]Proposal 12: It is feasible and beneficial to support option 1a and 3 for BWP operation when serving cell is configured with bandwidth larger than 20MHz.


Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the frame structure and scheduling in NR-unlicensed band based on current agreements for NR licensed band, and have 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 R15 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: BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT due to the switching delay. 
Observation 4: There are marginal specification impacts to support multiple active BWPs.

Proposal 1: 60 kHz SCS is beneficial for both DL and UL data channel from the following perspective.
· increase the channel access opportunities (reduce the risk when channel is taken during self-deferral)
· Reduce overhead in DL/UL switch point
· Reduce PDSCH to HARQ feedback latency
· Reduce UL grant to PUSCH latency
· reduce control/RS overhead compared with mini slot of smaller SCS
Proposal 2: NRU should consider supporting serving cell with bandwidth larger than 100MHz with 60 kHz SCS in sub 7GHz
Proposal 3: Supporting NCP for 15 kHz SCS or Extended CP for 60 kHz SCS is beneficial for NRU to achieve similar coverage as LAA R13 and 802.11ax.
Proposal 4: Multiple numerologies in NR R15 are still beneficial in NRU to cater with various hardware limitation and channel access mechanism between uplink and downlink in NRU. 
Proposal 5: NR-U should support different PDCCH monitoring occasion configuration before and after the first slot boundary of a COT in terms of UE power consumption.
Proposal 6: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.
Proposal 7: NRU 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 to for 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 8: 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 9 : To reduce complexity in UE and gNB side, it is preferred in NR-U for PUSCH transmission that despite the uncertainty of LBT outcome, the TBS is determined according to the full scheduled symbols regardless of the starting point and no extra TBS scaling is considered.
Proposal 10: NR-U shall support indication of the COT structure: 
· Monitoring occasions within a slot should be support for DCI format 2_0
· Partial slot format indication should be supported by DCI format 2_0 
· Pause state should be additionally supported by the indication of DCI format 2_0
Proposal 11: it is beneficial to support BWP operation with dynamic transmission bandwidth adaptation.
Proposal 12: It is feasible and beneficial to support option 1a and 3 for BWP operation when serving cell is configured with bandwidth larger than 20MHz.
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Appendix
	Simulation scenario
	Indoor Sub-7GHz, 3+3 TRPs with indoor mixed office model (a-b-a = 20-40-20)

	Carrier Frequency
	5GHz

	Number of users per operator
	5 per gNB per 20MHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	UE receiver
	MMSE-IRC as the baseline receiver

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	DL/UL mixed traffic, FTP3 with packet size of 0.5Mbyts for both DL and UL traffic.



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%	



80MHz, DL, UPT

With dynamic LBT 	Low	Medium	High	288.75200000000001	259.20960000000002	211.33940000000001	Without dynamic LBT	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

Low	Medium	High	280.46359999999999	243.45660000000001	178.38910000000001	-2.9%	-6.1%	-15.6%	
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