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Introduction
In this paper, we discuss the remaining issues for wideband operation, including relationship between PDCCH and LBT bandwidth, and in-carrier guard band.      
PDCCH transmission 
In RAN1#98, some progress has been made regarding the relationship between PDCCH/CORESET configuration and LBT bandwidth for wideband operation. Specifically, the following conclusion/agreement were made. 

	Conclusion:
The following are unchanged from Rel-15 for PDCCH.
· The maximum number of monitored PDCCH candidates per slot and per serving cell.
· The maximum number of non-overlapped CCEs per slot and per serving cell.
· CCE-to-REG mapping rule and hashing function.

Agreement:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· [bookmark: _Hlk19614483]For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen



For the agreement, the motivation is to ensure the number of CORESETs does not exceed the limit (such as 3 per BWP for Rel-15), but at the same time to enable UE to monitor multiple LBT bandwidths (potentially, larger than 3) for PDCCH. This is particularly useful before the DL burst is detected. After DL burst is detected, which LBT bandwidth(s) are available to the UE is indicated by GC-PDCCH according to the following agreement made in RAN1#98 as well.   

	Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)



In [1], we propose that before DL burst is detected, UE only performs 1 BD for GC-PDCCH or UE-specific PDCCH (which have aligned sizes) for every two symbols, consuming 7 BD budget per slot per LBT bandwidth. To increase the detection probability, such search space can be configured to be monitored over all LBT bandwidths. For a 80 MHz wideband carrier with 4 LBT bandwidths, the total BD consumption would be 7x4=28 BDs. Once DL burst is detected and UE is informed via GC-PDCCH regarding the set of available LBT bandwidths, PDCCH candidates are only monitored over the available bandwidths. It would be better that the BD budget over the unavailable LBT bandwidths can be reallocated to the available bandwidths in order to provide more scheduling flexibility. For example, if only LBT bandwidth #1 is available, total BD budget such as 44 can be allocated only to LBT bandwidth #1 (and at beginning of the slot for slot-based scheduling). If LBT bandwidths #1 and #2 are available, total BD budget 44 are shared among these two bandwidths. As the number of BD/CCE limitation is specified within a slot, the change of the number of BDs per LBT bandwidth is applied from the slot boundary after available LBT bandwidth is known.
Instead of monitoring PDCCH candidates only over the available bandwidth, another possibility is to let UE keep monitoring the unavailable LBT bandwidth at the mini-slot level, e.g. every two symbols in order for UE to use bandwidth as soon as available. Even for this option, the remaining BD budget can still be allocated among the available bandwidths.
Proposal 1: The number of BDs per LBT bandwidth can be varied from slot boundary depending on the number of available LBT bandwidths after DL burst is detected.

To realize such dynamic BD budget allocation, one way is to have multiple search space set configurations for each LBT bandwidth, and to activate/de-activate some configurations depending on the number of available LBT bandwidths. The drawback of such method is that it requires additional signalling to select which configurations to (de)activate. Moreover, the number of configurations may also be unnecessarily increased, resulting in increased RRC configuration overhead. 
Alternatively and preferably, one search space set can be configured to have multiple frequency monitoring locations, and the overbooking of PDCCH candidates can be used to enable dynamic BD budget allocation. Overbooking is useful because the availability of LBT bandwidths are unknown at the time when multiple frequency monitoring locations are configured. Once the set of LBT bandwidths to be monitored is determined (e.g. based on indication of GC-PDCCH), the overbooked PDCCH candidates can be dropped to meet the BD/CCE limit.  
Consider an example where two search space sets are configured. Set #1 (CSS) has 7 BDs, and set #2 (USS) has 15 BD candidates, in a cell with carrier bandwidth of 80 MHz (i.e. 4 LBT bandwidths). If overbooking is not allowed, on which set of LBT bandwidths the search space sets can be monitored should be decided by configuration. In this example of 2 sets, only two LBT bandwidths can be included if both sets are monitored, in order to meet 44 BD limit. However, the selected LBT bandwidths by the configuration are not necessarily free from the LBT procedure later. If they are not available after LBT procedure, no PDCCH candidate can be monitored. 
On contrary, with overbooking, it is possible to monitor PDCCH candidate no matter which set of LBT bandwidths are free from LBT. This can be explained using the following Figure 1. 


[image: ]
Figure 1. Example of overbooking during configuration and dropping during monitoring 

As shown in Figure 1(a), both search space sets #1 and #2 are configured to be monitored over all LBT bandwidths, resulting in (7+15)x4 = 88 BDs (> 44 limit). However, depending on the bandwidth availability, some PDCCH candidates can be dropped to meet the BD limit. In Figure 1(b), only LBT bandwidth #4 is available, therefore, the resulting monitoring effort is 22 BD. On the other hand, as shown in Figure 1(c), all 4 LBT bandwidths need to be monitored (This could be either because all LBT bandwidths are available or because UE has not received GC-PDCCH indicating bandwidth availability, e.g. before DL burst detection). To meet the BD budget requirement, one option is to apply Rel-15 dropping rule but only within each active BWP, i.e., SS set with higher ID is dropped, which is the case in Figure 1(c). Another option is to drop low-priority LBT bandwidths. For example, all PDCCH candidates (from both SS sets) in non-prioritized LBT bandwidths are dropped. 
Proposal 2: In case of search space set configuration associated with the CORESET has multiple monitoring locations in the frequency domain, overbooking of PDCCH candidates should be allowed. 
- Dropping rules are applied to ensure the BD/CCE limits are met for the set of actually monitored LBT bandwidths. 
- FFS: Enhancement to Rel-15 dropping rules

In-carrier guard band 
In-carrier guard band is defined as guard band between LBT bandwidths in a carrier, different from guard band at the edge of the carrier. Based on the RAN4 agreement [2], in-carrier guard-band is needed at least for a gNB to operate with 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).
One simple solution seems to realize the in-carrier guard band purely based on scheduler implementation. However, since the frequency domain resource granularity (e.g. RBG size) depends on the bandwidth of active BWP, it is most likely that the size would not align with the required in-carrier guard band size (which is supposed to be a fixed value). Depending on the BWP size, the RBG size could be much larger than the required in-carrier guard band. If one whole RBG cannot be used for transmission in order to create in-carrier guard band which is only a fractional size of one RBG, the spectrum efficiency would be compromised.
Observation 1: It is not sufficient to generate the in-carrier guard band by relying on the frequency domain resource assignment only. 
One option is to have static guard bands at the edges of each LBT bandwidth, regardless of whether one PDSCH is scheduled across multiple contiguous LBT bandwidths. Figure 2 illustrates one such example. Then the frequency resource for allocation is defined by excluding the in-carrier guard band. There are two issues for this option. The first one is that the frequency resource utilization is compromised because those static guard bands can never be scheduled by gNB. The second issue is that the amount of in-carrier guard band will be defined by RAN4. By coupling the decision of resource allocation design (e.g. the starting point, and granularity of the frequency resource unit) in RAN1 with the amount of in-carrier guard band by RAN4 would not help the two working groups to perform their designs in parallel. Instead, it is preferable for RAN1 to come up with the resource allocation design which is applicable for any value of in-carrier guard band which may be defined later by RAN4. 
Another option to configure dynamic in-carrier guard band only at the outer edges of the union of LBT bandwidths acquired by the gNB. Please see Figure 3 for an example. For this option, when configuring the LBT bandwidths, the frequency resources for each LBT bandwidth need not consider the presence of any in-carrier guard band. In other words, the frequency range for each LBT bandwidth can include the PRBs which could be potentially used for in-carrier guard band. Then the frequency domain occupancy indication (e.g. bitmap indication as agreed in RAN1#98) can be used as a guard band enabler. Once UE knows which LBT bandwidths are available and unavailable, the presence of the guard band will be known to the UE. In such way, the spectrum efficiency is improved. This option can also support that the frequency resource allocation can be designed without considering the existence of the in-carrier guard band. Therefore, RAN1 can proceed their work without waiting for the decision of guard band value from RAN4. Once in-carrier guard band is needed, a pre-configured amount will be activated by frequency domain occupancy indication, and those REs will not be used for data mapping. Correspondingly, UE can correctly de-map the transmitted data by jointly considering the frequency domain resource allocation and frequency domain occupancy structure.    
Proposal 3: Frequency domain occupancy indication in GC-PDCCH is used for the dynamic indication of the existence of in-carrier guard band. The amount of possible in-carrier guard band is semi-statically configured.
[image: ]
      Figure 2. Static guard band 							Figure 3. Dynamic guard band

Conclusion
Based on the discussion, we have the following proposal: 
Proposal 1: The number of BDs per LBT bandwidth can be varied from slot boundary depending on the number of available LBT bandwidths after DL burst is detected.
Proposal 2: In case of search space set configuration associated with the CORESET has multiple monitoring locations in the frequency domain, overbooking of PDCCH candidates should be allowed. 
- Dropping rules are applied to ensure the BD/CCE limits are met for the set of actually monitored LBT bandwidths. 
- FFS: Enhancement to Rel-15 dropping rules
Proposal 3: Frequency domain occupancy indication in GC-PDCCH is used for the dynamic indication of the existence of in-carrier guard band. The amount of possible in-carrier guard band is semi-statically. configured.
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