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Introduction
During RAN plenary #82, the release 16 work item on unlicensed band operation was approved in [1]. Before that a NR Study Item has been concluded in RAN1 [2].
To maximize the applicability of NR-based access, it is beneficial to specify changes to NR enabling operation in unlicensed bands/scenarios as part of the NR development. In this contribution, we consider issues/changes related to wideband operation. 
Relevant agreements made in RAN1#92bis [3], RAN1#93 [4], and RAN1#94 [5] and RAN1#94bis [6], RAN1#95 [7] RAN1 AH 1901 [8] are listed in the Appendix.
Discussion on LS from RAN4
RAN4 agree the following and send the agreement in a LS [9]:
	Agreement:
· It is a common understanding that, we will not use RF filtering for adaption for both the UE and gNB side.
· RAN4 to study the feasibility of changing the baseband filtering between subsequent gNB transmissions
· Feasibility will depend on RF leakage and blocking requirements
· RAN4 to study the feasible durations of changing baseband filtering at UE receiver
· Feasibility will depend on RF leakage and blocking requirements
· RAN4 to study the need for guard-bands between LBT sub-bands for wideband carrier operation between the adjacent LBT sub-bands where CCA passes on all adjacent LBT sub-bands once LBT outcome is known to the UE


 
Even though study is in RAN4 competence, we would like to share few observations as well in RAN1.   
Dynamic adaptation of transmission bandwidth
In Rel-15 filtered OFDMA has been proposed and investigated to supress the OFDMA out-of-band ripples. However, it has been concluded that instead, a pulse shaping can be used to meet the ACLR requirements. A pulse shaping is a form of base-band filtering of OFDMA, which is used in NR Rel-15 and LTE LAA at the transmitter.
Observation 1: A pulse shaping (a form of base-band filtering) at transmitter can be used to meet ACLR requirements. 
In Figure 1 we show a diagram, of one possible implementation of signal processing at the transmitter for wideband operations. 
Before COT starts: an initial mini-slot is prepared at the gNB BBU not scheduling the gaps between adjacent channels. The FD signal of each sub-band (S1 … S4) is converted by separate iFFT to create one TD signal per sub-band (i.e T1...T4). Note that gNB base-band contending for channel, may perform four iFFTs in TDM manner. Based on LBT outcome, the T1 signals of sub-bands with positive LBT are multiplexed, a pulse-shaping is applied to meet the ACLR requirements and signal is upconverted by single 80MHz DAC. Analog signal transmitted using a single RF chain. This can be performed within 4us after LBT.  
For the consecutive transmissions: within the COT, BBU may save power by performing single iFFT for multiple sub-bands with positive LBT and may schedule also PRBs in guard-bands between adjacent sub-bands.  



Figure 1 An example of signal processing at the transmitter

Observation 2: The adaptation of base-band filtering (pulse shaping) at the transmitter is feasible (within 4-5us) given the LBT at the beginning of the COT. Transmissions within a COT other than the initial transmission may contain PDSCH in guard bands between adjacent channels with positive LBT.  
Dynamic adaptation of reception bandwidth
Here discussion should be separated into two cases: one where guard-bands between adjacent sub-channels are present and the other when guard-bands are omitted.
For the case when guard-bands between adjacent sub-channels are present, Wideband BWP reception challenges are no different to LAA DL CA. For LAA DL CA, to our knowledge there are no requirements or test cases specified for this case in RAN4 nor signalling of transmission BW is required to receive. A UE may implement a single RF or multiple RF. With single RF, a UE may tolerate interference from neighbour sub-band of up to 33dB by LTE requirement, and potentially better Adjacent channel selectivity (ACS) could be achievable (FFS).  
Observation 3: For reception of DL signals having guard-bands between adjacent sub-channels, the reception challenges for wideband BWP are no different to LTE LAA CA. 
For the case when guard-bands between adjacent sub-channel are omitted, and single RF operation, receiving node may need to be informed of the TX bandwidth, otherwise it will potentially receive a significant amount of in-band interference on the other sub-bands that the serving 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. The base-band digital adaptation speed should be significantly smaller than Rel-15 BWP switching, because in this case BWP parameters (other than temporal bandwidth) do not change, nor RF retuning is required, as already agreed. 
Observation 4: For reception of DL signals with omitted guard-bands between adjacent sub-channel, the base-band digital filter adaptation delay (if needed) should be significantly shorter than BWP switching.
Wideband operation in DL
In RAN1 AH 1901, Option 2 and Option 3 has been down-selected:
	Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.



However, it is still open whether and how to inform Tx BW / temporal BWP consisting of successful LTB sub-bands from gNB to UE, and what enhancements are necessary to PDCCH and PDSCH. In addition, RAN1 should further discuss how to arrange the PRB grid of wide-band carrier.  

With temporal BWP we denote a Tx BW within the configured BWP valid within gNB COT or at least DL portion if it, this is why “temporal”. A set of temporal BWPs may comprise set of allowed sub-band combinations within the configure BWP. Figure 2 illustrates a set of contiguous temporal BWP(n) within the BWP of 80MHz. The temporal BWPs are ordered with indices n=0-9.
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Figure 2 Temporal BWPs within configured BWP of 80MHz


Temporal BWP indication

NR-U UE benefits from knowledge of gNB Tx BW / temporal BWP for at least two following reasons: (i) UE may adjust its digital filtering to cope with out-of-band interference, this improving the link performance (ii) UE can avoid monitoring of PDCCH candidates in sub-bands outside the temporal BWP, this saving power consumption. Furthermore, these advantages can be achieved by zero or minimal signaling cost. 

If it is decided that GC-PDCCH is assumed by UE to be always transmitted at the beginning of the COT, then GC-PDCCH is a clear candidate to carry such signalling. In RAN1#96 it was proposed to broaden the scope of this signalling to inter-cell scenario. In principle, GC-PDCCH (SFI) of R15 supports cross-cell signaling. And if specification effort is not large, cross-carrier indication of successful LBT sub-bands could be supported.     

On the other hand, it is not feasible to indicate gNB Tx BWP (as outcome of LBT) in the beginning of the COT between sub-bands or carriers. In this case the gNB would prepare one GC-PDCCH per sub-band and UE would estimate Tx BWP based on how many GC-PDCCH it detected. The corresponding GC-PDCCH DCI field would indicate that this is the first transmission of the COT. In the later GC-PDCCH transmission within the COT a gNB may already indicate which sub-bands (in cross sub-band/carrier manner) are used by the gNB.     

Proposal 1: Support a mechanism for a UE to indicate the gNB’s LBT outcome within one or more sub-bands in a serving cell for the same or other serving cell. 
Proposal 2: If it is decided that GC-PDCCH is assumed by UE to be always transmitted at the beginning of the COT, then GC-PDCCH signals gNB’s LBT outcome within one or more sub-bands in a serving cell. Consider only signalling mechanisms that do not require the gNB to remake a GC-PDCCH depending on the LBT outcome.

R15 BWP adaptation

In R15 there are two dynamic mechanisms how a UE may adapt between configured BWPs. The first is DCI format 0_1 and 1_0 and the second is BWP inactivity timer. In case of DCI-based switching, the mechanism can be reused, transmitted ACK or PUSCH is a confirmation for the gNB from UE. If UE fails to transmit ACK or PUSCH granted by the DCI due to LBT, and gNB does not receive the confirmation, gNB may re-transmit the switching DCI again.    

On the other hand, if inactivity timer is configured by gNB to switch BWP to default BWP there are some challenges.  In unlicensed spectrum operation there may be periods in time when despite of trying, a gNB cannot access channel (i.e. LBT fails) and cannot send unicast C-RNTI due to the channel being occupied by other nodes (e.g. NR-U, LTE LAA, or WiFi). In other words, on unlicensed spectrum, gNB’s inactivity may not always imply that there is no data to transmit for a given UE, but rather the gNB may just fail in accessing the channel (i.e. in its LBT operation) and be unable to transmit the data it has. As a consequence, a UE configured with BWP inactivity timer will switch to a (narrow) default BWP, while instead UE should be ready for wideband reception by listening to wide BWP, observing all sub-bands of wide BWP. This may create undesired BWP switching for the UE, which will worsen the latency and throughput performance accordingly. Therefore, we think that inactivity timer enhancements should be studied to halt the inactivity timer in times when gNB loses access to channel. 

Proposal 3: Support a mechanism to halt a R15 BWP inactivity timer in times when gNB cannot access the channel. 

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 and/or other burst-detection signal (e.g. PDCCH DMRS). 
· 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) or 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 PDCCH structures defined for NR licensed band operation are not directly applicable to NR-U. Imagine e.g. 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 5: 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 6: Restriction of CORESET configuration into a sub-band increases the RRC signalling overhead and implementation complexity.
Therefore, we propose to use the existing R15 DL control structures as baseline, with the following specification changes: (i) the 45-bit bitmap configuring CORESET from the beginning of BWP has to take into account guard-bands (if needed) and sub-band boundaries, (ii) search-space hashing operates on set of CCE within sub-bands. Such, when some sub-bands are blocked by LBT, PDCCH candidates in sub-bands blocked by LBT are dropped.   
CORESET configuration: The configuration of CORESET is shown on an example of 40MHz BWP with two 20MHz LBT sub-bands in Figure 3. The legacy CORESET configuration bitmap on a BWP is reused, with restriction that a gNB is not allowed to configure CORESET on 6RB-clusters for which at least one RB is outside the active RBs of a sub-band. Figure 3 illustrated two possible alignments of clusters: 
· Alt 1 (upper Figure 3): the CORESET#0 starts at the first usable PRB of the sub-band, the CORESETs other than 0, follow the 6PRB within the sub-bands. 
· Alt 2 (lower Figure 3): the CORESET 6PRB grid of is defined by Point A, and CORESET#0 is either mis-aligned, or configured to match the grid (as on Figure1). Since NR-U is a special scenario compared to licensed NR, in the fact that channelization is based on 20MHz blocks, we slightly prefer Alt 1, i.e. redefine the 6-PRB cluster grid for NR-U.
  


Figure 3 Bitmap for CORESET configuration
Hashing: The indexing of CCEs and hashed PDCCH candidates within the CORESET configured in Figure 3 is illustrated in an example in Figure 4. It is assumed that CORESET is 1 symbol long. In the Figure 4, x-y denotes indices of CCE/PDCCH candidate y in sub-band x. Search-space set is configured with 4 PDCCH candidates of AL=1. Whether a configured SS set applies to all LBT sub-bands, or only subset of BWP sub-bands, as well as other details shall be further studied.


Figure 4 Sub-band-based hashing

While details are FFS, we have the following high-level proposal to move forward:  
Proposal 4: Existing DL control structures (CORESETs and search-spaces) can be reused with the following modifications:
· CORESET configuration bitmap shall take into account the potential guard-bands and existing sub-band boundaries.
· Search-space hashing operates on CCEs of a CORESET within each sub-band. 

PDSCH scheduling and 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, rate matching, data and control multiplexing, modulation, RE mapping, iFFT, digital filtering and/or RF retuning. 

Therefore, we think that in the first/partial slot of a COT, the UE could transmit/receive one TB per sub-band scheduled with separate PDCCH, and if scheduled for multiple slots, in the later slots TB may span over entire temporal BWP. Moreover, it has been agreed in eMIMO AI that a UE may receive multiple TBs (CWs) scheduled with different PDCCH and there is no dependency between the PDCCHs. Multi-TRP most likely operating on single active BWP of a serving cell. Furthermore, it is currently feasible to receive parallel TB in CA on different active BWPs and CA is typically supported by all chipsets.   

Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3

Agreement
For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs

Therefore, it seems UE receiving two/three parallel PDSCH scheduled with separate PDCCH in different sub-bands should be feasible. The number of parallel PDSCHs a UE is capable to support could be capability with two being mandatory. A gNB may then multiplex multiple UEs within the multiple sub-bands of temporal BWP. 

The other alternative is to employ CBG approach, where CBs are mapped to REs in time-domain first and frequency-domain second. This requires change of mapper/de-mapper hardware and re-transmission of CBG located in unsuccessful sub-bands, as well as increased HARQ-ACK feedback. 

Proposal 5: For NR-U, the total number N of parallel PDSCH scheduled by separate PDCCH in different sub-bands of BWP is a UE capability, where reported value ranges 3<N<=[4]. 

Figure 5 shows the example of operation in DL. Assuming that a UE has capability of 2 parallel TBs, and there are two UEs in the cell, the gNB may prepare separate PDSCHs and DL assignments per sub-band before-hand and transmit those upon LBT success. Afterwards in the COT, gNB may schedule single TB across multiple sub-bands, this corresponds to full-slot phase of the COT as discussed in [11]. 



Figure 5 DL operation 


On Wide-band carrier PRB grid
In NR, higher-layer parameter SCS-SpecificCarrier defines the set of usable PRBs for all UEs in the cell. Parameter offsetToCarrier defines the first usable PRB on the common resource block grid. And parameter carrierBandwidth configures the number of PRBs for a channel band specified in RAN4. E.g 20Mhz channel has 51PRBs of 30kHz SCS as shown in Table 5.3.2-1 below. 
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Figure 6 Configuration of BWP in R15

Configured PRBs of a carrier have to ensure guard band margin in Table 5.3.3-1 [3GPP TS 38.101-1] is satisfied. BWPs can be configured only within the usable PRBs of a carrier as illustrated in Figure 6.  

[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135



Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1450
	1410
	1370



In 5GHz unlicensed spectrum, carrier needs to take into account the fact that spectrum is divided into 20MHz sub-bands. In addition, a NR-U carrier larger than 20MHz should support a set of temporal BWPs, i.e. the supported combinations of sub-bands being the result of LBT.      
Issues with R15 carrier definition
An UE/gNB has to ensure appropriate guard-bands on the outer edges of the used temporal BWP being part of BWP (single sub-band in this example), because another operator network (e.g. WiFi or LTE LAA or NR-U) operates on adjacent sub-band(s). As a consequence, it might be impossible to configure UE-specific carrier BW of temporal BWP #0,1 and 2 in Figure 7, using channel BW defined in Table 5.3.2-1 and full-fill the guard-band in Table 5.3.3-1. Yet another problem is that it’s not possible to have a simple rule for the guard band management in this scenario, since the possible locations of the UE sync raster as well as PRB raster are limited (and they’re not aligned with 20 MHz sub-band raster). 


Figure 7 Example of setting which does not fulfil R15 RAN4 GB requirements

Advantages of nested BWP approach
As shown in Figure 8, it would be beneficial to define carrier where the temporal BWPs are “nested BWPs” however, and the RAN4 requirements are met. Nested BWPs are defined with the following properties: (i) they share a common PRB grid (ii) edges of the temporal BWPs are aligned with the sub-bands of wideband carrier, as shown in Figure 7. 



Figure 8 Example of configuration that fulfils the R15 RAN4 GB requirements

Based on “nesting”, PRBs of each temporal BWP are a subset of PRBs defined for a wideband carrier. Above approach has several advantages: (i) the PRB grid for each BWP option can determined autonomously based on point A and other related parameters. Point A determination can be kept unchanged compared to NR Rel-15. (ii) total BW occupancy is the same for different sub-band combinations (temporal BWP 20, 40, 60 and 80MHz ), i.e. carriers are strictly nested (iii) the strict nested property is beneficial, because it reduces the configuration overhead of carriers/temporal BWPs in NRU, the wideband carrier and its sub-bands are defined implicitly by guard bands (iv) there is no or only minor spectrum efficiency loss compared to R15: all PRBs of the BWPs which are achievable based on guard band definition can be used (if needed). 
Proposal 6: Define NR-U carrier >20MHz and corresponding RB grid such that GBs defined by RAN4 for temporal BWPs are met and 
· GBs between sub-bands are full PRBs
· Sub-bands are on the common PRB grid determined by Point A
· Temporal BWPs configured on the carrier are nested and aligned with the edges of the sub-bands
 
Wideband operation in UL
RAN1 feature lead summary [10] included the following proposal discussed in offline. Alt1 being modified version of Option 2 and Alt2 being modified version of Option 3.
	Proposal for agreement:
· For wideband operation in UL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz, for the case where UE performs CCA before UL transmission, narrow-down between
· Alt. 1: Multiple BWPs can be configured, single BWP activated, UE transmits the PUSCH only if CCA is successful at UE for all of LBT sub-bands which include the scheduled PUSCH.
· Alt. 2: Multiple BWPs can be configured, single BWP activated, UE transmits whole or part of the PUSCH only over the LBT sub-bands where CCA is successful at UE, among all of LBT sub-bands which include the scheduled PUSCH.
· FFS on the restriction on the transmitted PUSCH resource e.g., PUSCH transmission spanning only contiguous LBT sub-bands
· FFS for the configured grant PUSCH
· FFS for PUCCH
· Note: It does not preclude that different alternatives are chosen for different use cases including e.g., configured grant PUSCH, Cat1 LBT.



On support of Option 3 for UL 
Option 3 (Alt2) is supported in DL in RAN1, however support in UL is still open. Several companies supporting Option 3 in DL, but not in UL, argued that in UL there are more issues compared to DL. In UL, there are four scenarios to be considered: 
· Scenario 0: gNB shared COT Option 3 and PUSCH/PUCCH scheduled in one sub-band with CAT1 or CAT2 LBT at UE
· Scenario 1: gNB shared COT Option 3 and PUSCH/PUCCH scheduled in multiple sub-bands with CAT1 at UE
· Scenario 2: gNB shared COT Option 3 and PUSCH/PUCCH scheduling in multiple sub-bands with CAT2 at UE
· Scenario 3: UE COT Option 3 with CAT4 LBT at the UE
It is clear that Option 3 can be supported at least in Scenario 0 and Scenario 1 without any further complications. In addition, particularly Scenario-0 is essential scenario for DL to operate. 
Proposal 7: Support Option 3 in UL at least within the following scenarios:
· Scenario-0: gNB shared COT DL Option 3 and PUSCH/PUCCH scheduled in one sub-band with CAT1 or CAT2 LBT at UE
· Scenario-1: gNB shared COT DL Option 3 and PUSCH scheduled in multiple sub-bands with CAT1 LBT at UE

Aspects of Scenarios-2 and Scenarios-3 design are discussed in the following sections. 
PUSCH scheduling and HARQ operation (Scenario 2 and 3)

For separate gNB and UE COTs: an example of operation is illustrated in Figure 9. 
· In DL, as discussed in Section 2.2, the hashing is per sub-band. In Pre-COT phase [11], UE monitors for initial signal in all sub-bands. After LBT a gNB transmits initial signal on sub-bands #0-#2. A UE, based on initial signal identifies gNB’s Tx BW and monitors PDCCH candidates in the corresponding sub-bands. 
· In UL, a UE receives an UL grant for full BWP, based on LBT, the UE transmits separate PUSCH in sub-bands #1-#3 in a sub-slot phase [11], and single PUSCH over multiple sub-bands in the following slots. The mapping of HARQ process to PUSCH would depend on the outcome of LBT (see #x in green blocks). In the first slot, the HARQ process IDs are labelled sequential in frequency-domain, HARQ-processes in failed sub-band #0 is dropped and corresponding data can be transmitted later, in the later slots, the HARQ process ID is increased sequentially in time-domain.
· After UE transmit the first (partial) slot, a gNB can detect the UEs Tx BWP, based on front-loaded DMRS, which would ensure common HARQ-process-mapping understanding between UE and gNB.  





Figure 9 An example of separate gNB and UE COT


For the shared gNB COT: from UL transmission point of view, there are further aspects:
· Aspect 1: Before starting the UL transmission (with CAT2 or CAT1 LBT), UE may need to further adapt its BW corresponding to the BW of current DL Tx burst or PUSCH allocation. Aspect 1 we will not discuss here, because it is currently under discussion in RAN4. 
· Aspect 2: 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 CAT2/CAT1 LBT only on the sub-bands that it is using in the current DL Tx burst.

Figure 10 illustrates PDSCH (yellow) and PUSCH (green) scheduling in shared gNB COT. A UE performs LBT only on sub-bands (#0-#2) acquired by gNB. In case the PUSCH transmission would be allowed with CAT1, the UE could prepare the single TB across multiple sub-bands already for the first transmission in the UL portion of the gNB COT. In case of CAT2 LBT, the UL procedure from UE COT (above) would apply, as illustrated in Figure 10. 


Figure 10 An example of WB operation in shared COT


Based on above discussion, we have the following proposals:

Proposal 8: If BWP operation according to Option 3 is supported for UL, in Scenario 2 and 3, a UE/gNB transmits/receives one TB per sub-band in the first/partial slot(s) of a COT, in later consecutive slots TB may span over multiple sub-bands of a BWP.
Proposal 9: If BWP operation according to Option 3 is supported for UL, in Scenario 0 and 1, a UE/gNB may transmit/receive one TB across multiple sub-bands of a BWP.
Proposal 10: If BWP operation according to Option3 is supported for UL, in Scenario 2 and 3,, in case of contiguous multi-PUSCH scheduled within the same COT, HARQ process indexing in multiple PUSCH depends on the outcome of LBT. 

PUCCH resources 
The core of Option 3 – DL and UL may be on parts of single BWP where CCA is successful – may have impacts on the efficient use of PUCCH resources and shall be considered. One such impact is illustrated in Figure 11. In the figure, gNB transmits only on some of the sub-bands of the BWP. This can be taken into account when allocating PUCCH resource e.g. for HARQ feedback within the shared COT, as the PUCCH resource is indicated during the COT. With Rel-15 PRI, PUCCH resource can be dynamically selected from a set of 8 PUCCH resources (for a given UCI payload). For a BWP of 4 sub-bands, it makes sense to configure 2 PUCCH resources for each sub-band. However, e.g. in the case of gNB transmits only on one sub-band, gNB can select PUCCH resource only from 2 PUCCH resources located on the active sub-band as shown in Figure 11. This is clearly insufficient to control also the PUCCH duration as well as time location within the slot. Moreover, it results in increased multi-user blocking due to reduced capability to select non-overlapping PUCCH resources to different UEs. Therefore, we see that PUCCH resource configuration in frequency domain need to be enhanced to ensure sufficient number of PUCCH resources on each BWP sub-band.  
To increase the number of available PUCCH resources on each sub-band, the number of configured PUCCH resources in a PUCCH resource set could be increased. The PRI field could be extended or, to keep 3-bit PRI, only some of the PUCCH resources could be active when gNB transmits on multiple sub-bands of BWP. Alternatively, the number of configured PUCCH resources per PUCCH resource set could be kept unchanged and the PUCCH resource sub-band allocation could be modified (e.g with a secondary PRB allocation) based on the sub-bands currently used by gNB on the COT.      
In here, the impact of wideband DL LBT was considered. It requires some further studies whether the impact of wideband UL LBT needs to be addressed separately. Based on above discussion, we make the following proposal: 

Proposal 11: If BWP operation in any of Scenarios 0-3 is supported, PUCCH resource configuration in frequency domain is enhanced to ensure sufficient number of PUCCH resources on each BWP sub-band. 
· Scenario 0: gNB shared COT Option 3 and PUSCH/PUCCH scheduled in one sub-band with CAT1 or CAT2 LBT at UE
· Scenario 1: gNB shared COT Option 3 and PUSCH/PUCCH scheduled in multiple sub-bands with CAT1 at UE
· Scenario 2: gNB shared COT Option 3 and PUSCH/PUCCH scheduling in multiple sub-bands with CAT2 at UE
· Scenario 3: UE COT Option 3 with CAT4 LBT at the UE
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Figure 11 An example of PUCCH resource shortage on BWP operation
Conclusions
In this contribution, we have discussed potential solutions and techniques related to wideband operation. Based on the discussion, we make the following proposals and observations:
Observation 1: A pulse shaping (a form of base-band filtering) at transmitter can be used to meet ACLR requirements. 
Observation 2: The adaptation of base-band filtering (pulse shaping) at the transmitter is feasible (within 4-5us) given the LBT at the beginning of the COT. Transmissions within a COT other than the initial transmission may contain PDSCH in guard bands between adjacent channels with positive LBT.  
Observation 3: For reception of DL signals having guard-bands between adjacent sub-channels, the reception challenges for wideband BWP are no different to LTE LAA CA. 
Observation 4: For reception of DL signals with omitted guard-bands between adjacent sub-channel, the base-band digital filter adaptation delay (if needed) should be significantly shorter than BWP switching.
Proposal 1: Support a mechanism for a UE to indicate the gNB’s LBT outcome within one or more sub-bands in a serving cell for the same or other serving cell. 
Proposal 2: If it is decided that GC-PDCCH is assumed by UE to be always transmitted at the beginning of the COT, then GC-PDCCH signals gNB’s LBT outcome within one or more sub-bands in a serving cell. Consider only signalling mechanisms that do not require the gNB to remake a GC-PDCCH depending on the LBT outcome.
Proposal 3: Support a mechanism to halt a R15 BWP inactivity timer in times when gNB cannot access the channel. 
[bookmark: _GoBack]Observation 5: NR-licensed DL control structures are not directly applicable to BWPs spanning multiple sub-bands.    
Observation 6: Restriction of CORESET configuration into a sub-band increases the RRC signalling overhead and implementation complexity.
Proposal 4: Existing DL control structures (CORESETs and search-spaces) can be reused with the following modifications:
· CORESET configuration bitmap shall take into account the potential guard-bands and existing sub-band boundaries.
· Search-space hashing operates on CCEs of a CORESET within each sub-band. 

Proposal 5: For NR-U, the total number N of parallel PDSCH scheduled by separate PDCCH in different sub-bands of BWP is a UE capability, where reported value ranges 3<N<=[4]. 

Proposal 6: Define NR-U carrier >20MHz and corresponding RB grid such that GBs defined by RAN4 for temporal BWPs are met and 
· GBs between sub-bands are full PRBs
· Sub-bands are on the common PRB grid determined by Point A
· Temporal BWPs configured on the carrier are nested and aligned with the edges of the sub-bands

Proposal 7: Support Option 3 in UL at least within the following scenarios:
· Scenario-0: gNB shared COT DL Option 3 and PUSCH/PUCCH scheduled in one sub-band with CAT1 or CAT2 LBT at UE
· Scenario-1: gNB shared COT DL Option 3 and PUSCH scheduled in multiple sub-bands with CAT1 LBT at UE

Proposal 8: If BWP operation according to Option 3 is supported for UL, in Scenario 2 and 3, a UE/gNB transmits/receives one TB per sub-band in the first/partial slot(s) of a COT, in later consecutive slots TB may span over multiple sub-bands of a BWP.
Proposal 9: If BWP operation according to Option 3 is supported for UL, in Scenario 0 and 1, a UE/gNB may transmit/receive one TB across multiple sub-bands of a BWP.
Proposal 10: If BWP operation according to Option3 is supported for UL, in Scenario 2 and 3,, in case of contiguous multi-PUSCH scheduled within the same COT, HARQ process indexing in multiple PUSCH depends on the outcome of LBT. 
Proposal 11: If BWP operation in any of Scenarios 0-3 is supported, PUCCH resource configuration in frequency domain is enhanced to ensure sufficient number of PUCCH resources on each BWP sub-band. 
· Scenario 0: gNB shared COT Option 3 and PUSCH/PUCCH scheduled in one sub-band with CAT1 or CAT2 LBT at UE
· Scenario 1: gNB shared COT Option 3 and PUSCH/PUCCH scheduled in multiple sub-bands with CAT1 at UE
· Scenario 2: gNB shared COT Option 3 and PUSCH/PUCCH scheduling in multiple sub-bands with CAT2 at UE
· Scenario 3: UE COT Option 3 with CAT4 LBT at the UE
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Appendix 
The following agreements and working assumptions related to wide band operations for NR-U were made in RAN1#92bis, RAN1#93, RAN1#94bis and RAN1#95:
Agreement: 
· 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

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: 
Send LS to RAN4 on at least the following issues related to single wideband carrier operation, i.e., greater than 20 MHz:
· Potential need for new requirements within a carrier when the carrier spans multiple LBT bandwidth pieces
· Effect on UE receiver of interference from transmitters transmitting on parts of the same carrier
· Note: Other aspects can be included in the LS if necessary
· Note: RAN1 assumes that RAN4 will define requirements for carrier aggregation of 20 MHz carriers operating in unlicensed spectrum
Final LS agreed in R1-1812026 with the title modified to “LS on wideband carrier operation for NR-U”.

AH-Jan 19

[bookmark: _Hlk273548]Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.


Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision

R1-1901446	[DRAFT] Reply to reply LS on wideband carrier operation for NR-U	LG Electronics
Final LS is agreed with the following changes in R1-1901460
· Include RAN WG2 in the “To” field
· Add an action to RAN WG2: “RAN1 respectfully asks RAN2 to take the above RAN1 agreements into account in their further work”
· Delete the corresponding statement requesting action from RAN2 above in the main body.
· Modify a statement in the main body as follows: “RAN1 respectfully asks RAN4 for a response to FFS parts in the above agreement, in addition to any pending input to questions as requested in [1] not yet answered.”

Conclusion:
The channel access aspects of wideband operation should be discussed further as part of the channel access discussions 
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