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1	Introduction 
In RAN #75 a WI on NR has been approved [1]. In the previous RAN1 meeting several agreements related to wide-band operation were made: 
Agreements:  
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15
· Note:  final decision on the value is up to RAN4
· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600 in Rel-15
· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing
· Note: final value for a given channel BW is up to RAN4 decision
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16
· Note that 32 is considered from RAN2 specification perspective
· The number of NR CCs in any aggregation is independently configured for downlink and uplink 
· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
Agreements:  
· Prepare draft LS in R1-1703919 – Peter (Qualcomm) to RAN4 to inform that RAN1 is discussing following alternatives for a wider BW CC, i.e., CC BW greater than X (e.g., 100 MHz), 
· UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains (Case 3)
· A gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
· FFS: Potential impact on design for the wide BW signal/channels
· Note: The support of multiple Rx/Tx chains in the gNB within one wideband CC is not addressed in above discussion 

In the previous meeting, the decision on max carrier BW as well as maximum FFT size were left on RAN4. In addition, the discussion on support of narrow-band and wide-band UEs on the wide-band carrier continued. In this contribution, the channel raster for NR will be discussed in Section 2, and the above FFS “potential impact on the design for the wide BW signals/channels” will be discussed in Section 3.  In section 4, we discuss the BF aspects of wider-band operation.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	On NR channel raster
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In NR, standalone cell deployments as well as non-standalone cell deployments are considered, and here we will focus on scenarios compatible with stand-alone cells. In these scenarios, NR carrier raster impacts to the carrier aggregation design defining how different component carriers can be placed next to each other in the frequency domain. As agreed in RAN1#88, NR supports UEs with multiple Rx/Tx chains within one wideband component carrier. In addition to that there is a need for simultaneous support UEs with one Rx/Tx chain within one wideband component carrier. This coexistence scenario is shown in Figure 1 below.
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Figure 1 Coexistence of one and two RF chains within one wideband component carriers.  

To support scenario depicted in Figure 1, all carriers must be located within the NR carrier raster. There are certain aspects to be considered with respect to NR carrier raster selection:
· Coexistence between LTE and NR, keeping in mind that LTE operates with 100 kHz raster. In the preferred case, it should be possible to configure NR and LTE carriers fully overlapping in the frequency. This would be beneficial in the scenario where NR and LTE carriers are operating in the same frequency band (e.g. according to one of the NR-LTE coexistence scenarios being discussed under agenda item 8.1.8). 
· The need for guard subcarriers (or component carrier gap) between NR carriers in the case where wideband deployment scenario involves both UEs with single RF chain and UEs with multiple RF chains. The need for component carrier gap may be caused e.g. when carrier spacing is not multiple of PRB. Component carrier gap can be seen primarily as system complexity issue.
· Impact of carrier frequency and numerology. Generally speaking, when subcarrier spacing (and carrier bandwidth) is increasing the need for fine carrier raster (such as 100 kHz) is reducing.
It can be noted that from LTE/NR coexistence point of view, the 100 kHz raster of LTE would be a preferred option also for NR. When wideband scenario involves both wideband UEs with single RF chain and UEs with multiple RF chains, the component carriers need to be spaced in the 300 kHz frequency grid when considering subcarrier spacings up-to 60 kHz (with 300 kHz grid, carrier spacing is on 100 kHz raster while is multiple of subcarrier spacing). Following this approach, guard subcarriers between component carriers are needed, where the actual amount depends on the carrier spacing between adjacent component carriers. The guard subcarriers are needed as the carrier spacing is not multiple of PRBs. Is a such case, PRBs on wideband UE cannot be aligned with the PRBs on the all narrower component carriers without guard subcarriers. On other hand, having carrier spacing as multiple of PRBs while remaining on 100 kHz raster would lead to 3.6 MHz frequency grid as PRB is 720 kHz for 60 kHz SCS. That is too coarse grid to be feasible. The guard subcarriers appear as unused subcarriers in the band of wideband UEs. 

Observation-1: 100 kHz is a good option for below 6 GHz requiring good LTE/NR coexistence.

180 kHz raster is not a good option from LTE/NR coexistence point of view. On the other hand, in the scenarios where coexistence with LTE is not an issue, it would allow coexistence of UEs with single RF chain and UEs with multiple RF chains on the same wideband carrier, without guard subcarriers. This holds for subcarrier spacings up-to 60 kHz as PRBs are multiples of 180 kHz. Hence, this can be considered as a promising option e.g. for 5GHz unlicensed band scenario where both LTE and NR support discontinuous DL transmissions and can coexist in time multiplexed manner. This allows that coexisting NR and LTE carriers do not need to be fully overlapping.

Observation-2: 180 kHz is a good option for below 6 GHz for scenarios not requiring LTE/NR coexistence with carriers fully overlapping in the frequency. 
 
For above 6 GHz, coexistence between NR and LTE is not an issue. Furthermore, there is a room to increase the carrier raster due to the fact that carrier bandwidth is also increasing. In order to support smooth coexistence between different UE capabilities (in terms of number of RF chains) without guard subcarriers between adjacent component carriers, the carriers must be arranged within n*360 kHz grid when operating with SCS of 120 kHz, and n*720 kHz when operating with SCS of 240 kHz, respectively. Based on that, it seems carrier grid for above 6 GHz could be multiple of 360 kHz.

Observation-3: n*360 kHz is a promising option for carrier raster when operating above 6 GHz (n is FFS). 

3	Operation of UE with different max BW capabilities
Figure 2 shows the discussed NR cases of wide-band operation. Herein we will concentrate on co-existence of Case 1 and Case 3 shown in Figure 1, where users with different maximum BW capabilities co-exist on the same wide carrier.  
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Figure 2 Considered cases of wide-band operation 

In the previous section, we discussed the NR carrier raster for scenarios compatible with stand-alone cells, which determines also the grid for the location of the SS blocks. When 100kHz grid is used, enabling co-existence with LTE, guard subcarriers between component carriers are needed so that the PRBs on the wider BW can be aligned with the PRBs on the narrower component carriers. The actual amount depends on the carrier spacing between adjacent component carriers. 
The existence of guard subcarriers has an impact on the UE capable of wider BW with a single RF chain, because its PRB grid, on which it operates, become discontinuous. Therefore, before it can start to operate on the wider BW, it has to be informed by the eNB about PRB grid structure. The indication could be the following: 
· UE finds SS block on one of the narrow virtual carriers of a wide carrier. 
· After reception of MIB, UE follows the CSS on that narrow virtual carrier.
· UE receives in SIB1 on PDSCH information on wide-carrier PRB grid and RACH details.
[bookmark: _Ref473903427]After that a wide-band capable UE as well as UE with multiple RF narrow-band RF chains may operate on the entire wide carrier. 
Proposal-1: For scenarios compatible with SA cells, when wide carrier is separated into narrow virtual carriers, a wide carrier capable UE is informed about the PRB grid structure of the wide carrier by SIB1 on narrow virtual carrier. 

4	Impact of beamforming to wide-band operation
When gNB utilizes hybrid beamforming, which is a potential gNB TX/RX architecture especially in high frequencies and depicted in Figure 3, P RF signals are transmitted from Nt antennas after passing Nt phase shifters. When exploiting full multi-user MIMO gains P users are transmitted via P RF streams and same RF beam forming is applied to all m carriers. In such case, all carrier points into same P directions. 
The alternative option is that gNB with different P RF chains and addresses multiple UE in Frequency division manner either in carrier or RB level. This can be used to exploit frequency diversity of the channel but then only P/m streams are transmitted in each carrier if FDM is done equally per carrier, reducing MU-MIMO gain.
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[bookmark: _Ref478104337]Figure 3: Hybrid architecture considered at the BS, which is equipped with Nt antenna elements and P RF chains.
This drives data transmission towards operation where maximum of P UEs are transmitted simultaneously on complete bandwidth and same beamforming is applied for each CC.
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[bookmark: _Ref470780685]Figure 4:RF beamforming performed on F1-Fn at time moments T=1 and T=2
In such co-located deployment, beam management action, coverage and antenna configurations of the carriers can be the same, it is not necessary to transmit SS burst and PBCH in each CC separately. Rather only single CC (primary CC) may transmit SS-bursts an PBCH. This enables system operation where:
· DL Synchronization can be based primary CC for all CC. 
· Beam management procedures are based on primary CC’s BRS/MRS and best beam direction is same for all CC for given UE. 
· The RACH can be operating on primary CC but additional RACH resources can be allocated to other CCs.
· In each CCs separate DL control channel can be transmitted allowing independent link adaptation. Utilization of cross carrier scheduling is not necessary.
· UL Control channels can be separate for each CC, or combined in one to CC for single UE to improve UL coverage.
Proposal-2: Support CA configurations, where only single carrier is transmitting SS-blocks for downlink synchronization, RRM measurements and beam management actions. 

5	Conclusion
In this contribution, we have discussed on different aspects related to the wideband operation. In Section 2 we considered the NR carrier channel raster impacts to the design on wider bandwidth operations in scenarios compatible with SA cells and made following conclusions:
Observation-1: 100 kHz is a good option for below 6 GHz requiring good LTE/NR coexistence.

Observation-2: 180 kHz is a good option for below 6 GHz for scenarios not requiring LTE/NR coexistence with carriers fully overlapping in the frequency. 

Observation-3: n*360 kHz is a promising option for carrier raster when operating above 6 GHz (n is FFS). 
 

In Section 3, the wideband operation with UE’s having different maximum bandwidth capabilities was considered. Following that it is likely that 100kHz channel raster can be preferred for NR at least for deployments requiring co-existence with LTE, guard subcarriers are needed between the component carriers. To facilitate the operation of UE’s wide-band RF and multiple narrow band RF chains we made following proposal:
Proposal-1: For scenarios compatible with SA cells, when wide carrier is separated into narrow virtual carriers, a wide carrier capable UE is informed about the PRB grid structure of the wide carrier by SIB1 on narrow virtual carrier. 
In Section 4 we described CA operation with hybrid beam forming architecture as an example, enabling synchronized co-located operation and made a proposal that
Proposal-2: Support CA configurations, where only single carrier is transmitting SS-blocks for downlink synchronization, RRM measurements and beam management actions.
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