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1. Introduction

So far, the spectrum utilization was discussed mainly in application to the single carrier operation scenarios. Meantime, several issues on spectrum utilization for the CA and wideband operation were raised in the previous meetings. In this contribution we provide our views on the following items:

1) Spectrum utilization for intra-band contiguous CA

2) BWP spectrum utilization (applicable set of PRBs)

2. Spectrum utilization for intra-band contiguous CA

In RAN4 #84bis meeting the spectrum utilization for wideband operation was discussed and the following agreements were captured in [1] on the intra-band contiguous CA scenarios:
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« Spectral utilization

+ Option1: Spectral utilization based on individual CCs (UE CC1 and UE CC2)
+ Eg.for SOMHzsub6, SU is 65RBS, for 100MHz SU Is 135, UE configured with 2x50MHzin

100MHz channel is using 130RBs

* Option2: Spectral utilization based on the wider channel bandwidth
+ Eg.for SOMHzsubs, SU is 65RBS, for 100MHz SU is 135, UE configured with 2x50MHzin

100MHz channel i using all 135R8s.




In the LTE specification the spectrum utilization for the intra-band CA is introduced on a per CC basis. A similar approach is recommended for the NR. In general, depending on UE implementation (single/multiple RF) wider channel BW spectrum utilization may or may not be applicable to the UE. Furthermore, the spectrum utilization for wider channel BW may be ambiguous since the single carrier spectrum utilization is defined for a limited subset of CBW values and intra-band CA scenario may results in much larger set of possible combinations and spectrum utilization for some of them may be undefined (e.g. 50 + 25 = 75MHz, 100 + 30 = 130 MHz, etc). Furthermore, we note that using per-CC spectrum utilization does not preclude possible enhancements in the future releases. Therefore, per-CC spectrum utilization seems to be a reasonable approach for Rel-15.

Proposal #1:
For intra-band contiguous CA the spectrum utilization is based on individual CCs.

3. Wideband operation BWP spectrum utilization
During the BWP configuration procedure gNB would assign UE the subset of PRBs for the DL/UL operation inside its wideband CC CBW. The set of eligible of PRBs for the BWP operation depends on the spectrum utilization and related procedures should be further clarified.
3.1 Single carrier spectrum utilization

In RAN4 #84 meeting a WF on the NR spectrum utilization was agreed [2]:
	WF on spectral utilization for below 6GHz

[image: image2.png]SCS [kHz] | 5MHz 10MHz | 15MHz | 20MHz | 25MHz | 40MHz | 50MHz | 60MHz | 80 MHz | 100 MHz
NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB
15 25 52 79 106 133 216 270 N.A N.A N.A
30 11 24 38 51 65 106 133 162 217 273
60 N.A 11 18 24 31 51 65 79 107 135





WF on spectral utilization for mmWave

[image: image3.png]SCS [kHz] | 50MHz | 100MHz | 200MHz | 400 MHz
NRB NRB NRB NRB
60 66 132 264 N.A
120 32 66 132 264







The agreed spectrum utilization effectively includes 2 components: 1) Number of used PRBs and 2) Minimum guard band towards the channel edge. The second parameter is a more important characteristic and it is important to ensure that UE is not scheduled in a way to tighten the minimum guard bands. In Figure 1 we illustrate the minimum guard band size for different CBW/SCS combinations for the FR1. It may be observed that the minimum guard band is a non-monotonic function of the CBW.
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Figure 1. Minimum guard band size, MHz (FR1)
Observation #1: Minimum guard depends on the CBW and SCS. Minimum guard band is a non-monotonic function of the CBW.
3.2 Wideband operation PRB indexing

The following RAN1 agreements on PRB indexing for the wideband operation were reached in RAN1:

	Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state

· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling

· FFS the configuration is by RMSI and/or UE-specific signaling

· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211

· FFS: common PRB indexing for RS generation for UE-specific PDSCH

· FFS: common PRB indexing for UL

Agreements:

· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 

· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB

· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI

· For Scell, the reference location is the frequency location indicated in the SCell configuration

· For SUL, the reference location is the frequency location indicated in the SUL configuration 

· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.

· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.

· The range of offset values should be >276*4, with the detailed values FFS


In accordance to these agreements common PRB indexing inside the gNB wideband CCs is assumed and the PRB positions are aligned for all UEs operating inside the particular wideband CC regardless whether they are NB, CA or WB UEs (see Figure 2).
Observation #2: Common PRB indexing is applied to all UEs operating inside the particular gNB wideband CC regardless whether they are NB, CA or WB UEs. 
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Figure 2. PRB alignment for wideband operation
3.3 BWP PRB selection
As can be observed from the spectrum utilization analysis the number of PRBs and the minimum guard bands depend on the particular CBW. In case gNB BW is not equal to the UE BW then it is not clear on how to maintain same PRB indexing and avoid situations, when UE GB is tightened. In case no special mechanisms are applied, the PRB 0 positions for different types of UEs may be different (see Figure 3).
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Figure 3. Minimum guard band impact on PRB alignment
Observation #3: gNB and NB/CA/WB UEs may have different minimum guard bands which would lead to different PRB 0 position for different CBW
In order to comply with the common PRB indexing agreements and at the same time to avoid tightening UE guard bands with the single carrier spectrum utilization agreements, the following procedure for BWP PRB selection is considered:
· PRB grid structure for the given SCS is based on the gNB CC CBW and applicable to all UEs operating inside the gNB CC regardless of their CBW and number of CCs.
· During SI acquisition gNB should inform UE on the PRB 0 position for the given SCS
· PRB structure for the given SCS for gNB CC is subject to the discussion in the scope of single carrier SU in the companion paper [3]

· PRBs which can be assigned as DL BWP or UL BWP should be selected in a way that the GBs towards the band edge are larger than the UE minimum GB for the given SCS. In particular, UE can be allocated to operate in the following PRBs:
· If GBGNB ≥ GBUE then UE BWP can be mapped starting from PRB 0

· If GBGNB < GBUE then UE BWP can be mapped starting from PRB = ceil((GUE - GBGNB) / PRB_Size) (e.g. PRB 1)
· PRB size depends on the SCS (e.g. 180 kHz of 15 kHz, 360 kHz for 30 kHz, etc).

· GBGNB is the gNB guard band (from the left edge of CBW to the start of PRB 0 or from the right CBW edge to the end of the last PRB)

· UE minimum guard band GBUE for BWP PRB selection can be derived as the max GB for any CBW below the UE CC CBW in order to allow UE implementations which adjust the RF BW to the BWP and implementations which don’t adjust the RF BW
· Similar procedure can be applied to derive the wideband PRBs available for BWP assignment on the right edge
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Figure 4. Procedure for BWP PRB selection
Proposal #2:
Wideband PRBs for DL BWP or UL BWP assignment should be selected in a way that guard band towards the band edge is larger than the UE minimum guard band for the given SCS. UE minimum guard band for BWP PRB selection is derived as the max GB for any CBW below the UE CC CBW
4. Conclusions

In this contribution we provided the views on different open issues related to the wideband operation physical resource selection. In summary, we make the following proposals:
Proposal #1:
For intra-band contiguous CA the spectrum utilization is based on individual CCs.

Proposal #2:
Wideband PRBs for DL BWP or UL BWP assignment should be selected in a way that guard band towards the band edge is larger than the UE minimum guard band for the given SCS. UE minimum guard band for BWP PRB selection is derived as the max GB for any CBW below the UE CC CBW
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