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1	Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75.
To maximize the applicability of NR-based access, it is beneficial to study solutions applicable to unlicensed bands scenarios as part of the NR development. In this contribution, we consider issues related to NR-U numerology, frame structure and wideband operation. 
Relevant agreements made in RAN1#92bis [2], RAN1#93 [3] and RAN1#94 [4] are listed in the Appendix.
2	Numerology for NR-U
2.1	Supported Numerologies 
Support for multiple numerologies is one of the basic features in NR. Table 4.2-1 captured from TS 38.211 shows the transmission numerologies supported by NR. It is well known that larger subcarrier spacing leads to:
· larger carrier bandwidth for a given FFT size,
· smaller symbol duration and potentially lower latency,
· smaller channel access overhead due to finer-granularity frame design, and
· reduced CP length.

Table 4.2-1: Supported transmission numerologies.
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal




Based on the revised SID agreed in RAN#80 [5], the study item considers only bands below 7GHz. To maximize commonality between NR licensed and unlicensed band implementations it makes sense to have a common numerology set defined for licensed band operation also for NR unlicensed band scenarios. Based on that, NR-U studies are limited to the following numerologies: [15, 30, 60] kHz. It is noted that 15 kHz subcarrier spacing does not seem well suited for NR unlicensed band operation, since the resulting symbol duration becomes relatively long. 

Proposal 1: Adopt the existing NR numerology set for NR unlicensed operation 

One of the open issues related to NR-U numerologies below 7 GHz is the need for use of ECP for 60 kHz subcarrier spacing. Table 1 below shows the CP length for considered NR-U scenarios below 7 GHz. 
Table 1: CP length with different options
	

	

	CP length (us)

	0
	15
	4.8

	1
	30
	2.4

	2
	60
	1.2 (Normal)
4.2 (Extended)




We think that ECP option is not needed for NR-U,=2. 
· Due to smaller Tx power ( cell size), delay spread in NR-U scenarios is considerably smaller compared to that of licensed band operation. 
· Furthermore, NR-U can operate with 60 kHz subcarrier spacing even in TDL-C-1000ns channel. SINR floor due to large delay spread starts to affect the achievable SINR at relatively high SNR values (SNR >15 dB) [6].
· Extended CP has large CP overhead (20%) compared to that of normal CP (6.7%). Based on that, ECP is not a preferred configuration from spectral efficiency and fairness/co-existence point of view.
· It is always possible to increase the CP length by reducing the subcarrier spacing (according to Table 1).  

Based on the discussion above we make the following proposal:
Proposal 2: Extended CP length is not considered for NR-U.


2.2	NR-U operation with the same numerology
It was noted in RAN1#94 that “being able to operate all DL/UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has several benefits”. There seems to be two approaches for achieving the same numerology for all signals/channels:
· Option 1: Support all numerology options ([15, 30, 60] kHz) for all NR-U signal/channels. 
· Option 2: Support only numerology options [15, 30] kHz for NR-U.  

It can be noted that Option 1 can provide larger maximum channel bandwidth achievable by a single FFT (since it supports also 60 kHz SCS). Furthermore, it supports finer time domain granularity with certain (mini-)slot lengths. Finally, 60 kHz subcarrier spacing with short symbol length (17.9us) minimizes the overhead in the case when one symbol LBT gap needs to be created. Based on those aspects, we see Option 1 as the preferred approach for NR-U operation with a single numerology.
In order to support all numerology options, the following enhancements need to be supported for NR-U signals:
· UL (see details in [7])
· 60 kHz SCS needs to be not supported also for PRACH
· interlace -based transmission needs to be supported also with 60 kHz SCS 
· DL (see details in [8])
· 60 kHz SCS needs to be supported also for SSB, CORESET#0 and RMSI

Proposal 3: Support all numerology options ([15, 30, 60] kHz) for all NR-U signal/channels
3	Frame Structure   
3.1	COT structure
In a licensed band (esp. latency critical) scenario, the deployment of frequent DL-UL and UL-DL switching points is well motivated. On the other hand, when operating in unlicensed band scenario, because of the regulations, it may sometimes make sense to operate with less frequent switching points to match the regulatory requirements w.r.t. Maximum Channel Occupancy Time (MCOT) at the cost of latency, of course. 

It was agreed in RAN1#93 that “Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported”. Figure 1 shows an example of three switching points within a COT. Support for multiple switching points can provide e.g. improved latency performance without increasing the overhead of frequent (Type 1) channel access procedures too much. From HARQ/scheduling point of view, it is not a problem to support TxOP with multiple switching points: Similar functionality is supported already for NR licensed band operation.  

Multiple switching points within a TxOP needs to be taken into account in the channel access procedures, see details in [9]. The length of the switching gap between different link directions needs to be considered as well. One example of multiple switching points within a TxOP is shown in Figure 1: 
· gNB performs Type 1 LBT (LBT #1) at the beginning of TxOP (similarly as in LTE LAA).
· UEs perform Type 2 LBT (or no LBT) at the beginning of the first UL portion (LBT #2) 
· In the case of multiple switching points, gNB/UE perform Type 2 LBT or no LBT before the 2nd transmission (LBT#3, LBT#4).  

Observation 1: Introduction of multiple-switching points within COT does not necessarily increase the frequency of TYPE 2 LBT, while significantly reducing the latency. 

Generally speaking, NR frame structure defined for licensed spectrum scenarios provides a very good baseline from NR-U point of view, and only minor changes to the slot formats compared to licensed band operation are foreseen. For example, NR-U should introduce a possibility to have short PUCCH at the beginning of UL portion of the COT in the case of UL-only or bi-directional UL slots.

Proposal 4: NR Unlicensed band operation can be based on fixed frame timing and slot formats defined in NR Rel-15.
Proposal 5: NR-U operation should support short PUCCH located at the beginning of the UL portion of the COT.
 


[image: ]
Figure 1. Example of three switching points within a COT

3.2	Partial slot transmission
It was agreed in RAN1#92bis that “NR-U supports both Type-A and Type-B mapping”. Type-B mapping (a.k.a. non-slot- based scheduling with DMRS in the first symbols of PxSCH) allows flexible starting position in a slot and can reduce the time between the possible consecutive transmission starting positions. Type-A mapping, unlike Type-B, supports more flexible (in terms of allocation length) PDSCH/PUSCH time-domain resource allocations. Hence it can provide flexible ending symbol for the TxOP. 

On the other hand, Type-B mapping (a.k.a. mini-slot based scheduling) represents an efficient way to reduce the time between the possible consecutive transmission starting positions. On the other hand, more frequent transmission starting positions increase DL control channel blind decoding burden on the UE side and a reasonable trade-off between the DL control channel decoding burden and frequency of transmission starting positions is needed. Figure 2 illustrates one example with three phases of monitoring [8]:
· Pre-COT phase: UE is configured with PDCCH monitoring periodicity of 2 OFDM symbols. It can be noted that all symbols can configured as monitoring occasions for Type-B already in Rel-15 if UE supports Feature 3-5 (non-slot based monitoring). Moreover, some sub-features of Feature 3-5 mandate a certain gap (in number of symbols) between two consecutive monitoring occasions. In the Pre-COT phase, a NR-U UE would perform detection of WB PDCCH DMRS in every monitoring occasion.
· [bookmark: _Hlk525107793]Sub-slot phase: The first mini-slot(s) are used for aligning the ending position of the first transmission(s) of DL Tx burst with the slot boundary. For this reason, there is a need for enhanced (compared to R15) flexible mini-slot length as well as support for mini-slot transmission over the slot boundary [8]. 
· FULL-slot phase: After first mini-slot(s), the UE can be configured to continue PDCCH monitoring using periodicity of one slot and it can be scheduled with full-slot time-domain resource allocations of Type A. In this phase UE can monitor PDCCH according to NR Rel-15.



This approach has several benefits:
· UE power saving: unnecessary PDCCH monitoring with a high periodicity (such as 2 OFDM symbols) can be avoided after the first transmission of DL Tx burst.
· Reduced control channel and DMRS overhead: unnecessary mini-slot based PDCCH, HARQ-ACK and DMRS overhead is avoided, without compromising fast channel access. 
· Reduced implementation complexity as gNB can prepare DL transmission (e.g. 4OS mini-slot) in advance w/o knowing the absolute starting timing of the DL Tx burst.

Proposal 6: It is recommended to support three-phase PDCCH monitoring, where frequent WB-DMRS blind detection would be performed in Pre-COT phase, one or two implicitly determined monitoring occasions would be present in Sub-slot phase and configured monitoring occasions would be assumed in Full-slot phase. 

[image: ]
Figure 2. Example: aligning the ending position of the first transmission(s) of DL Tx burst with the slot boundary. 

Based on the discussion above, we make the following Observation and proposals:
Observation 2: There is no need for additional monitoring occasions: all symbols can be configured as monitoring occasions for Type-B already in Rel-15 for a UE supporting Feature 3-5.
Proposal 7: Support flexible Type-B PDSCH/PUSCH allocations: 2-13 symbols. There is no need for need for mini-slot length >14 symbols.
Proposal 8: Support Type-B PDSCH allocation crossing the slot boundary.
When gNB is contending for channel access on unlicensed band, gNB needs to have a mini-slot or a slot ready for transmission, but it does not know when it can access channel and transmit the prepared mini-slot/slot. If (mini-)slot structure (including PDCCH) depends on the time, e.g. in terms of scrambling or pilot positions/sequence, gNB needs to repeatedly re-build mini-slots with the same data while it is contending for channel access. A simpler implementation is achieved if gNB can build a mini-slot only once and then wait for channel access. This is possible if mini-slot structure/signal does not depend on time. Of course, this presents challenges for multiplexing of periodic signals to mini-slots, which requires further studies. Also, uncompromised inter-cell interference randomization via scrambling may be needed in some scenarios, implying that the time dependency/independency of mini-slot structure could be a configurable option or would only be applied for the mini-slots at the beginning of the COT.

Proposal 9: (Mini-)slot structures independent from time are investigated.  
3.3	Indicating the COT structure
NR licensed band operation supports both semi-static and dynamic configuration for SFI. We think that these options need to be supported also for NR-U: 
· Semi-statically configured resources can be used e.g. for discovery reference signal and PRACH resources
· Dynamic indication of the time-varying COT structure is conveyed using GC-PDCCH. 

Dynamic indication of the COT structure provides many benefits including the following: 
· It enables usage of Type 2 LBT at the UE.
· GC-PDCCH can be used to determine the location of the short PUCCH at the beginning of UL portion of the COT.
· Provides opportunities for UE power saving (e.g. no PDCCH monitoring during UL portion of the COT)
· It can be used to aid CSI measurement at the UE.
· It can be used to detect (and/or validate) DL transmission detection.

It makes sense to use GC-PDCCH for SFI defined in NR-Rel-15 as the starting point also for NR-U studies. However, NR-U specific aspects need to be considered as well. Those include e.g. NR-U -specific slot formats, wideband operation (based on 20 MHz sub-band), and support for multiple switching points within a COT. 
Proposal 10: Use NR-U specific GC-PDCCH for dynamic indication of at least the COT structure. 
· GC-PDCCH for SFI defined in NR-Rel-15 can be used as the starting point for discussion


4. Wideband operation
4.1	Carrier Aggregation and Bandwidth Parts
There are several wide unlicensed frequency bands available, and all Rel-15 NR UEs (licensed band) will be able to support 100 MHz BW for FR1 and 200 MHz in FR2. Therefore, even a single gNB or a UE can occasionally access very wide bandwidths comprising multiple 20 MHz unlicensed channels. Hence, wideband operation is one of the key building blocks for NR-Unlicensed. Both carrier aggregation and BWP mechanisms are supported in Rel-15 (licensed band) NR for wideband operation. We see that NR unlicensed should support both mechanisms to become sufficiently versatile for addressing large chunks of bandwidths.   
Conventional carrier aggregation offers certain benefits, e.g., 
· Frequency domain flexibility: aggregated carriers do not need to be adjacent. This offers e.g. diversity for channel access.
· The carriers operate in standalone manner, e.g. in terms of DL control and HARQ processes
· Each carrier may employ its own LBT meaning agile channel access. 

On the other hand, carrier aggregation has also its downsides: firstly, multiple RF chains are required in some scenarios, increasing the price of UE transceivers. Secondly, carrier aggregation increases UE power consumption and has rather considerable latency in the component carrier activation/deactivation (to facilitate UE power savings). Thirdly, CA decreases the spectral efficiency due to need for guard bands between carriers in intra-band CA. Finally, wide-BWP unlike CA would implicitly support re-transmission of TB on different subset of 20MHz sub-band.    
In Rel-15 NR, concept of serving cell adaptive BW was introduced by means of Bandwidth Parts. A UE can be instructed to operate on a specific part of gNB’s BW, that is, on a BWP. Up to 4 BWPs can be configured separately for UL and DL to UE per serving cell, however the baseline operation supports only initial BWP and one dedicated BWP. The majority of RRC parameters in NR are configured on a per BWP basis, and each BWP can have e.g. separately configured subcarrier spacing (SCS), cyclic prefix length, BW in terms of the number of contiguous RBs, location of the BW in the cell’s total BW, as well as K0, K1 and K2 values. 
In case of unpaired spectrum (i.e. TDD), UL and DL BWPs are paired, in which case the centre frequency of both BWPs is required to be the same, which is the case of NR-U. One of the BWPs may be defined as default BWP e.g. to facilitate UE battery saving by means of timer-based dynamic switching. In this case, UE may fall-back to default BWP after a configured period of inactivity.   
Figure 3 shows the possible NR carrier bandwidths assuming 4K FFT, where each carrier is divided into sub-bands of 20 MHz each. BWP mechanism provides an attractive alternative wideband mechanism to intra-band CA when accessing unlicensed spectrum on adjacent 20 MHz channels as it can provide savings in the UE cost with reduced number of RF chains required for inter-band CA. Single RF chain and FFT processing can be used to access wide bandwidth of e.g. 80 MHz or 160 MHz on 5 GHz or 6 GHz (potential) unlicensed bands. It also improves the trade-off between UE throughput and battery consumption via fast BWP switching, when UE’s RF BW is adapted. 
[image: ]
Figure 3 Possible NR BWs for 4k FFT and different subcarrier spacings. “20” denotes a 20 MHz channel

Proposal 11: Both Carrier Aggregation and Bandwidth parts are supported to facilitate wideband (>20 MHz) operation for NR-Unlicensed.

4.2	Challenges in NR-U Wideband Operation
When operating according to unlicensed band regulations for 5 GHz bands, a gNB must perform LBT before it can start transmitting DL Tx burst in the cell. To meet regulatory requirements and to ensure fair coexistence with other systems, also NR unlicensed should support sub-band LBT at least with 20 MHz resolution. This means that there needs to be sufficient support for adapting the transmission bandwidth dynamically, depending on which of the 20-MHz channels a gNodeB or a UE can access the medium.
Figure 4 shows an example of transmission bandwidth combinations for gNB after sub-band specific LBT. This example assumes 80 MHz bandwidth, and contiguous allocation of 20 MHz sub-bands.
[image: ]
Figure 4 Example combinations of contiguous transmission BW for gNB, carrier channel BW = 80 MHz, sub-band size = 20 MHz.

Observation 3: Configuring NR BWP for each combination of channels would result in large number (e.g. 10) of BWPs to be configured, while NR R15 supports only up to 4 BWPs and mandatory feature 6-1 only up to 2 BWPs.
Furthermore, BWP structures and switching of NR R15 has been design for power saving purposes. Upon BWP switch, a UE performs RF retuning and loads new BB parameters. This resulting into 2ms gap while UE cannot be served. We think that also NR-U should benefit from power saving feature offered by NR R15 BWP. And on top of NR R15 BWP, NR-U should design independent feature of agile adaptation of Tx BWP due to LBT.        
Proposal 12: NR-U design of agile Tx BW adaptation due to LBT operates independently of NR R15 BWP adaptation.    
In the following, we discuss the challenges related to LBT-dependent transmission bandwidth adaptation both from gNB and UE point of view.
4.2.1 LBT operation for wideband carriers
Listen-before Talk procedures are a prerequisite for operation on unlicensed spectrum at 5GHz bands. Unlike in LTE LAA, in NR-U the carrier bandwidth is expected to be larger than the channel bandwidth (i.e. n*20 MHz). Therefore, also frequency domain raster for LBT operation should preferably be less than the whole carrier BW. This likely means that digital filtering is required to be able to perform energy detection separately for different 20 MHz subbands. RAN4 is in the best position to confirm the feasibility and practical constraints related to sub-band (20 MHz) specific LBT, while carrier BW (and a single FFT) spans multiple such sub-bands    
Proposal 13: Request RAN4 to study the feasibility and practical constraints related to sub-band specific LBT (per 20 MHz), while the carrier bandwidth is n * 20 MHz 
4.2.2 gNB / Downlink transmission
[bookmark: _GoBack]In Rel-15 NR, gNB was assumed to maintain constant BW, while UE may be instructed to operate on specific part of the gNB BW, i.e. BWP. However, in NR-U, gNB may try to obtain channel access on a wide BW (e.g. 80 MHz) but while performing LBT, the gNB may observe based on sub-band LBT results that it can gain channel access only on a part of the carrier, i.e. only on some of the 20 MHz sub-bands. This is depicted in Figure 5. When operating with a carrier BW of n * 20 MHz and 4k FFT, a gNB may potentially need to adjust its transmitter operation (e.g. filters) very rapidly to meet the regulatory rules defined for the out-of-band emissions. Similar aspects are also relevant to UL/UE operation. We see that these aspects require further study, and especially input from RAN4.
[image: ]
Figure 5. Dynamic TX bandwidth adjustment following e.g. outcome of LBT may result in emissions to adjacent sub-bands.
Proposal 14: Request RAN4 to study the feasibility and time scale of changing the gNodeB or UE transmission bandwidth based on e.g. outcome of LBT, when operating with a carrier BW of > 20 MHz. Specifically, RAN4 should clarify how fast the transmission bandwidth can be changed without violating any regulations (e.g. out-of-band emissions to neighbouring channels). 
4.2.2 gNB and UE reception 
In unlicensed band operation, the receiving node (gNB or UE) may not know the exact transmission bandwidth applied after LBT. An example of a potential scenario for dynamic BW adaptation is illustrated in Figure 6. In any COT, a gNB or UE intending to transmit with 80 MHz bandwidth, may need reduce the TX bandwidth because some of the sub-bands are occupied by other systems. Consequently, the node receiving the transmission assuming a 80 MHz bandwidth may end up receiving interfering signals on some of the sub-bands potentially having a larger power level than the signal of interest.   
[image: ]
Figure 6. An example of a potential scenario for dynamic BW adaptation.

Unless the receiving node is informed of the changed TX bandwidth, it will potentially receive a significant amount of in-band interference on the two lowest sub-bands that the gNodeB is not using. This may affect its reception e.g. due to dynamic range of the A/D conversion and AGC, depending on how strong the in-band interference is. 
We see that also this aspect should be clarified with RAN4.
Proposal 15: Request RAN4 to study the feasibility of receiving transmissions on one or more 20 MHz channels, while the receiver BW is n * 20 MHz (2 ≤ n ≤ 4), and other 20 MHz channels may contain interference from other nodes.
4.2.3 PDCCH structures and reception
It was decided in RAN1#92bis that “At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz.”. This indicates that in the case of wideband operation, frequency domain resources may be allocated with the granularity of 20 MHz. 
As the result of sub-band LBT, the gNB’s transmission bandwidth varies according to the sub-band specific LBT. From UE point of view, the situation is more challenging. 
•	Prior to the start of DL transmission, the UE knows only the BW of the BWP (i.e. all sub-bands included within the BWP) on which the gNB may transmit but not the actual transmission band (Tx BW depends on gNB’s LBT). So, UE will use the full BWP to detect DL transmission burst.
•	UE could read the Tx BW configuration from DL control channel or other burst-detection signal. 
•	As soon as UE knows the Tx BW the UE starts to monitor only on active sub-bands of the BWP. 
In NR licensed, CORESETs and search-space-sets are configured within/per BWP. Up to 2(mandatory) 3(supported by spec) CORESETs can be configured per BWP. Similarly, up to 10 search-space-sets can be configured in a BWP within the CORESETs. It is clear that NR license PDCCH structures are not directly applicable to NR-U. Imagine interleaved CORESET configured on a BWP spanning multiple sub-bands. If one sub-bands LBT fails, the majority of PDCCH candidates will be dropped. 
Observation 4: NR-licensed DL control structures are not directly applicable to BWPs spanning multiple sub-bands.    
One option to deal with the above issue, is to restrict existing CORESET configurations to a 20MHz sub-band in NR-U, in case of sub-band LBT is used in the band. However, this approach would increase the number of the required configurations significantly. In a BWP containing 4 sub-bands, gNB would need to configure 4x more CORESETs, and 4x more search-space-sets, to distribute PDCCH candidates among the sub-bands. This increases the RRC overhead and implementation complexity.
Observation 5: Restriction of CORESET configuration into a sub-band increases the RRC signalling overhead and implementation complexity.
Based on above observations it is clear that NR R15 can be reused for BWP spanning one 20MHz subband, while modifications to search-space and control-resource structures will be necessary for BWPs spanning multiple 20MHz channels.  On the other, it is very difficult to progress with the PDCCH study when the basics of WB operation in NR-U are not clarified. 
Observation 6: Study on WB PDCCH structures cannot proceed before basic aspects of WB operation in NR-U is clarified.    
4.2.4 UE / Uplink transmission:
From UL transmission point of view, in addition to points that are common to gNB operation and discussed in Section 3.1, flexible BW operation has further challenges:
· A gNB may share COT only on the sub-bands on which it has acquired channel access. In other words, it may schedule PUSCH with Type 2 LBT only on the sub-bands that it is using in the current DL Tx burst.
· Before starting the UL transmission (with Type 2 LBT), UE may need to further adapt its BW corresponding to the BW of current DL Tx burst or PUSCH allocation. Otherwise, e.g. for a low-cost UE, meeting the out-of band emission mask might not be feasible.

In Bandwidth Part operation according to Rel-15 NR, a UE is not expected to transmit or receive any signals during the BWP switching. For licensed band NR operation, 600/2000/4000 microseconds (fastest/slower/slowest UEs) is one assumption for BWP transition time, from which up to 250us (with dependency on center frequency offset) is for RF retuning and the rest is the preparation for retuning, such as e.g. interpretation of dynamic switching command or loading the RRC parameters of the new BWP [10]. In Rel-15 NR, the transition period is slot boundary aligned; however, it is feasible to perform RF retuning in any part of the slot.  
It should be noted that: 
· slot duration is 250 microseconds with 60 kHz SCS, and 500 microseconds with 30 kHz SCS, respectively. 
· LTE LAA eNB, as well as WiFi APs and devices may typically run the whole Type 1 LBT procedure on a vacant channel for Channel Access Priority Class 3 traffic in roughly 200 microseconds.  
Some parts of NR15 switching delay could be omitted in NR-U. For example, a single configuration of NR BWP would apply to all unlicensed channels covered by the BWP. Nevertheless, a 250-microsecond gap (RF retuning) in a transmission is still quite considerable, during which the acquired channel access may be lost. Clearly such a long gap in transmission is not desirable. 
To support efficient wideband operation, including dynamic bandwidth adaptation, it is important for the gNodeB to know and to be able to control exactly when a UE performs BWP switching, i.e. during which part of the COT a UE may not be able to transmit or receive signals due to BW adaptation. In NR licensed band operation, UE switches its active BWP based on an indication in a DL assignment or an UL grant (DCI format 0_1 and DCI 1_1), or based on RRC signalling. Rel-15 NR supports BWP switching transition procedures as agreed in RAN1#92, while the minimum switching times are still under discussion in RAN4: 
Agreements: A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI
· For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum

However, this type of switching definition, designed primarily for power-saving purposes, is rather restrictive in an unlicensed band scenario, where many UEs may need to perform switching during the same COT. Constructing continuous transmission under such BWP switching related restrictions complicates scheduling, especially as NR-U cell may serve only few UEs in a COT (due to small cell size). More flexible signalling is desirable to facilitate UE BW adaptation during the DL transmission burst while supporting useful transmission & reception of the signal with only small gaps within the COT. We see that related aspects should be studied in the NR-Unlicensed SI.
Proposal 16: Study enhancements to NR Rel-15 transmission BW switching mechanisms, to give gNB better control over the timeline for transmission BW switching.
Moreover, it would be beneficial if the delays associated with BWP switching (particularly RF retuning part) could be reduced from the current values. One of the aspects affecting the practically achievable BWP transition time is the synchronization accuracy. As an example, in LTE and NR Rel-15, for licensed band operation, synch accuracy of 0.1 ppm is assumed, in contrast to e.g. 20 ppm assumed for current 5 GHz Wi-Fi APs and devices. RAN4 input would be needed to confirm whether looser synchronization requirement for NR could help in reducing the transition times in BWP switching.  
Proposal 17: Request RAN4 input on whether BWP switching could be made faster by allowing for looser synchronization requirements for unlicensed band operation. 
4.2.5 HARQ operation
In NR R15, a set of up to 16 HARQ processes can be configured per serving cell. This means that each serving cell (including all configured BWPs) has its own set of HARQ processes. However, when accessing large BW of e.g. 160MHz (i.e. 8 sub-channels), having HARQ process per sub-channel results in a large number of HARQ processes and data fragmentation. Scheduling one TB over multiple sub-channels would be clearly beneficial. On the other hand, there are two challenges to overcome:
· UE’s LBT time and frequency domain uncertainty. gNB does not know when UE will be able to access channel, and it does not know how many of the 20MHz sub-channels UE will be able access. 
· Transmission preparation time at the UE. UE needs X microseconds to prepare a transmission. Preparation may include e.g.:
· getting data from higher layers
· TBS determination
· channel coding
· RE mapping
· iFFT
· digital filtering and/or RF retuning 

Therefore, we think study item should also focus on the above challenges.

Proposal 18: For the case when NR BWP spans over multiple channels, study how to operate HARQ processes within the NR BWP. 

5. Conclusions
In this contribution, we have discussed potential solutions and techniques related to NR-U numerology, frame structure and wideband operation. Based on the discussion, we make the following proposals and observations:
Numerology:

Proposal 1: Adopt the existing NR numerology set for NR unlicensed operation 
Proposal 2: Extended CP length is not considered for NR-U.
Proposal 3: Support all numerology options ([15, 30, 60] kHz) for all NR-U signal/channels
Frame structure:

Observation 1: Introduction of multiple-switching points within COT does not necessarily increase the frequency of TYPE 2 LBT, while significantly reduces the latency.
Observation 2: There is no need for additional monitoring occasions: all symbols can be configured as monitoring occasions for Type-B already in Rel-15 for a UE supporting Feature 3-5
Proposal 4: NR Unlicensed band operation can be based on fixed frame timing and slot formats defined in NR Rel-15.
Proposal 5: NR-U operation should support short PUCCH located at the beginning of the UL portion of the COT.
Proposal 6: It is recommended to support three-phase PDCCH monitoring, where frequent WB-DMRS blind detection would be performed in Pre-COT phase, one or two implicitly determined monitoring occasions would be present in Sub-slot phase and configured monitoring occasions would be assumed in Full-slot phase. 
Proposal 7: Support flexible Type-B PDSCH/PUSCH allocations: 2-13 symbols. There is no need for need for mini-slot length >14 symbols
Proposal 8: Support Type-B PDSCH allocation crossing the slot boundary.
Proposal 9: (Mini-)slot structures independent from time are investigated.  
Proposal 10: Use NR-U specific GC-PDCCH for dynamic indication of at least the COT structure. 
· GC-PDCCH for SFI defined in NR-Rel-15 can be used as the starting point for discussion


Wideband operation:

Observation 3: Configuring NR BWP for each combination of channels would result in large number (e.g. 10) of BWPs to be configured, while NR R15 supports only up to 4 BWPs and mandatory feature 6-1 only up to 2 BWPs.
Observation 4: NR-licensed DL control structures are not directly applicable to BWPs spanning multiple sub-bands.    
Observation 5: Restriction of CORESET configuration into a sub-band factorize the RRC signalling overhead and implementation complexity.
Observation 6: Study on WB PDCCH structures cannot proceed before basic aspects of WB operation in NR-U is clarified.    
Proposal 11: Both Carrier Aggregation and Bandwidth parts are supported to facilitate wideband (>20 MHz) operation for NR-Unlicensed.
Proposal 12: NR-U design of agile Tx BW adaptation due to LBT operates independently of NR R15 BWP adaptation.    
Proposal 13: Request RAN4 to study the feasibility and practical constraints related to sub-band specific LBT (per 20 MHz), while the carrier bandwidth is n * 20 MHz 
Proposal 14: Request RAN4 to study the feasibility and time scale of changing the gNodeB or UE transmission bandwidth based on e.g. outcome of LBT, when operating with a carrier BW of > 20 MHz. Specifically, RAN4 should clarify how fast the transmission bandwidth can be changed without violating any regulations (e.g. out-of-band emissions to neighbouring channels). 
Proposal 15: Request RAN4 to study the feasibility of receiving transmissions on one or more 20 MHz channels, while the receiver BW is n * 20 MHz (2 ≤ n ≤ 4), and other 20 MHz channels may contain interference from other nodes.
Proposal 16: Study enhancements to NR Rel-15 transmission BW switching mechanisms, to give gNB better control over the timeline for transmission BW switching.
Proposal 17: Request RAN4 input on whether BWP switching could be made faster by allowing for looser synchronization requirements for unlicensed band operation. 
Proposal 18: For the case when NR BWP spans over multiple channels, study how to operate HARQ processes within the NR BWP. 

Additionally, RAN1 should consider sending to LS related to proposals 13, 14, and 15. 
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Appendix 
The following agreements related to frame structure for NR-U were made in RAN1#92bis [2], RAN1#93 [3], and RAN1#94 [4]:
Agreement: [2]
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

Agreement: [3]
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.


Agreement: [4]
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands
· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· Common interlace structure
· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands
· FFS: PRACH benefits
· FFS: same numerology for DL and UL considering switching gap

The following agreements related to wideband operation for NR-U were made in RAN1#92bis [2]. We discuss NR-U aspects related wideband operation, including both carrier aggregation and bandwidth parts.
Agreement: [2]
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included
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