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1. Introduction
During RAN4#90 meeting held in Athens discussion on NR unlicensed (NR-U) work item [1] has started. One of the topics that was discussed based on submitted contributions [2, 3, 4] was NR-U channel bandwidths. Discussion has been continued during RAN4#90bis meeting [5, 6].
In this contribution we further discuss NR-U channel bandwidths.
2. Discussion

During discussion on band plan for NR-U following agreement was captured in RAN4 Chairman notes in RAN4#90 meeting:

Band n46 specific requirements can be discussed using 20MHz as starting point. FFS for 10MHz and other lager BW.
Some initial details on BS RF requirements taking into account 20 MHz channel bandwidth were agreed in way forward [5].  
2.1 Wide-band carrier PRB grid
Table 5.3.2-1 from TS 38.104 specification below presents number of resource blocks PRBs for NR. Configured PRBs of a carrier have to ensure guard band margin in Table 5.3.3-1 (TS 38.101-1) is satisfied. BWPs can be configured only within the usable (full) PRBs of a carrier as illustrated in Figure 1. 
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
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Figure 1 Configuration of BWP in NR Rel-15

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 Rel-15 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 2, 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). 
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Figure 2 Example of setting which does not fulfil NR Rel-15 guard-band requirements
Advantages of nested BWP approach

As shown in Figure 3, 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 3. 


[image: image3.emf]temporal BWP#5 105RB

Sub-band #0 50RB Sub-band #0 50RB

20Mhz 20Mhz

temporal BWP#6 105RB

Sub-band #0 50RB Sub-band #0 50RB

20Mhz 20Mhz

BWP 216RB = 80MHz carrier

temporal BWP#4 106RB

temporal BWP#0 50RB temporal BWP#1 50RB temporal BWP#2 50RB temporal BWP#3 50RB


Figure 3 Example of configuration that fulfils the NR Rel-15 guard-band 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 1: Define NR-U channel bandwidths of 20MHz, 40 MHz, 60 MHz, 80 MHz, 100 MHz and corresponding RB grid such that NR guard bands 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

3. On definition of NR-U carrier

If Proposal 1 is accepted, RAN4 will need to define usable PRBs of a NR-U carrier. In Rel-15 NR, the usable PRBs in a channel band are determined relative to Point A and minimum GB per channel band. This determining the maximum number PRBs within given channel band.

Contrary, for NR-U carrier >20MHz, instead of defining a maximum number of PRBs per 80MHz, RAN4 should define maximum number of usable PRBs in each sub-band of the carrier, subject to minimum GBs required for each combination of successful LBT sub bands.  Figure 4 shows Rel-15 GBs required for 20MHz and 80MHz channel.  It also shows, Point A, Point B0 (the first usable PRB of sub-band#0), point C0 (the last PRB of sub-band #0) and Point B1 (the first PRB of sub-band#1). These points Bn and Cn defining full PRB guardbands on single PRB grid. It can be seen that with example on Figure 4, there could be at most 50PRBs within first sub-band#0 to meet NR Rel-15 requirements for both 20MHz and 80MHz channel bandwidth. 

Obviously, points Bn and Cn depend on configured Point A and channel band GBs defined by RAN4. Therefore, RAN4 should first decide what the NR-U channel guard bands are before further discussion on definition of Bn and Cn. We think that Rel-15 NR minimum guard bands (i.e. Table 5.3.3-1) could be reused to minimize specification effort. 

Proposal 2: Usable PRBs of a NR-U carrier >20MHz are determined based on Point A and NR Rel-15 minimum GBs fulfilling all supported combinations of LBT sub-bands on the carrier.        
 
[image: image4]
Figure 4 Illustration of parameters, SCS = 30 kHz.
4. Conclusion

In this contribution we further discuss NR-U channel bandwidths.
Proposal 1: Define NR-U channel bandwidths of 20MHz, 40 MHz, 60 MHz, 80 MHz, 100 MHz and corresponding RB grid such that NR guardbands 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 2: Usable PRBs of a NR-U carrier >20MHz are determined based on Point A and NR Rel-15 minimum GBs fulfilling all supported combinations of LBT sub-bands on the carrier.
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