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1	Introduction 
In RAN1 #75 a WI on NR has been approved [1]. In the previous RAN1 meeting several agreements related to wide-band operation were made: 
Agreements:  
Support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands
Agreements:  
· For single-carrier operation, UE is not required to receive any DL signals outside a frequency range A which is configured to the UE
· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD
· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation
Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM

In this contribution, we address the FFS points on 
· co-existence of CA NB UEs with WB UEs on the WB carrier in Section 2, and 
· the BW adaptation on a single WB carrier in Section 3.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	On co-existence of CA NB UEs with WB UEs
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In the previous meeting, it has been agreed that the scenario shown in Figure 1 is supported. In Figure 1, a UE1 is capable of WB carrier operation ( e.g. 4k FFT), while UE2 operates in carrier-aggregation using two NB chunk (2x2k FFT).
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Figure 1 Co-existence of one and two RF chains within one wideband component carriers.
Furthermore, RAN1 agreed that no guard-band between sub-CCs of wideband CC are preferred. Nevertheless, if guard SCs are supported, e.g. because of channel/sync raster selected by RAN4 or because guard PRBs are found necessary by RAN4, the PRB grid becomes physically discontinuous. Therefore, if both types of UEs (UE1 and UE2) want to efficiently co-exist on the same wideband CC, both UEs should have common assumption on PRB grid within the wideband CC.
Observation-1: When a gNB operates simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs, all UEs operating on the wideband CC should be aware of wideband CC PRB grid.
Therefore, both UE1 and UE2 must be informed by the gNB about PRB grid structure on the wideband CC. The indication could be the following: 
· In initial access, a UE finds SS block on a WB carrier. 
· After reception of MIB, the UE is aware of center frequency of NB sub-CC containing continuous PRB grid. UE follows the CSS on that NB sub-CC.
· The UE receives in SIB on PDSCH information on wide-carrier PRB grid and RACH details.
After that a wide-band capable UE1 or a UE2 with multiple RF narrow-band RF chains may start to operate on the entire wideband CC. 
Proposal-1: PRB grid structure of a wideband CC can be informed to the UEs operating within the wideband CC by SIB. 
Furthermore, it has been agreed that one or multiple sync signals can be located within the wideband CC. A synchronized UE can maintain synchronization by listening to SS-block contained on one of the sub-CCs. If sub-CC is operated as Pcell, it should contain SS-block. However, an Scell located on the sub-CC does not require SS-block. Therefore, RAN1 could consider to employ CSS DMRS ports to perform frequency and time tracking on the Scell. More details on usage of CSS DMRS for frequency and time tracking in DL can be found in our accompanying contribution [2].
Proposal-2: Consider DMRS on CSS as additional frequency and time tracking signals in DL.  
In LTE, the DMRS port 5 sequence, used in TM7, is UE specific. While this design was sufficient for single-port transmission, for flexible MU-MIMO, the DMRS ports 7 and 8 were introduced with TM8. Ports 7, 8 and also the DMRS ports introduced later use the system BW dependent sequence, which maintains the orthogonality between UEs with partly-overlapping allocations. Similar principle should be followed for above discussed co-existence of UE1 and UE2 on the wideband carrier. This principle can be formulated by the following proposal:
Proposal-3: The DMRS scrambling sequence is defined per PRB grid structure of a wideband CC



Figure 2  CSI Sub-band grid defined on the PRB grid, for 2k FFT WB carrier with four 512 FFT NB carriers (99.6% resource utilization)

In carrier aggregation, for UE2, the typical case would be that the sub-CCs are within one cell group with a single UL CC carrying PUCCH and PUSCH , where CSI and other UCI would be reported. Therefore, a single wideband CSI feedback could be reported per one or more configured sub-CCs on PUCCH. In case of aperiodic sub-band reports on PUSCH, a UE would report feedback for full as well as partial SBs within the configured sub-CCs. If a sub-band is present in two neighboring configured sub-CCs, it is reported only once. The prerequisite for this operation would be that a single common sub-band grid would be defined on the wideband CC PRB grid.

Proposal-4: The sub-bands are defined per PRB grid structure of a wideband CC.
3	BW adaptation on WB carrier
The next topic discussed and agreed (as working assumption) in RAN1#88b is BW adaptation within a single CC, which should enable power savings as well as dynamic operation of narrow-band capable UEs on the wideband CC. 
One of the controversial points of the working assumption is whether configured bands can be of different numerology. We think that from a UE point of view, only a single numerology at a given time on a carrier should be supported. On the other hand, if the wideband carrier (from gNB point of view) semi-statically operates two different types of numerologies in FDM manner or dynamically changes the numerology in TDM manner, the BW adaptation framework agreed in RAN1#88b could be used to achieve it. However, it is not clear to us, whether such an operation would be dynamic enough to provide that benefit, because retuning, acknowledging and CSI reporting would be required before the gNB can start to schedule the UE on the new BW with different numerology.    
Proposal-5: From a UE point of view, only single numerology at a given time on a single carrier is supported.
Proposal-6: Further study whether configured band-part A and band-part B can be of a different numerology on a single carrier.
Another controversial point is the number of configured band-parts. We think that upper limit on the number of configured band-parts should be agreed. Moreover, one default BW part would be the one indicated by e.g. MIB. Therefore, we think that single configured BW part would be sufficient. On the other hand, there might be carriers, where SS-block is not present. In this case two BW parts would need to be configured. The need for configuring more than two band-parts should be further studied.  
Proposal-7: Default BW indicated (by e.g. MIB) and at least two configured BW-parts are supported.
· FFS on the maximum number of BW parts that can be configured to a UE.	
Yet another open issue is switching between the bands, which could be dynamic or semi-static. In any case, the switching will not be happening on symbol or slot bases, because it has been already agreed that when UE follows band-part A, the UE is not required to measure anything in the band-part B. Therefore, even if DCI would trigger the band-part change, a UE would need to
· retune, synchronize, and potentially adjust AGC and
· provide RRM measurements to gNB. 
Furthermore, it would be beneficial from gNB point of view to receive an ACK that UE received the retuning command. One possible way to obtain feedback at the gNB would be to schedule PDSCH using DCI in band-part A with resource allocation on the other band-part and await ACK/NACK. If HARQ-ACK feedback is not received at the gNB, it may transmit DL assignment DCI on both BW-parts. To enable this implicit BW adaptation, consider definition of RA given by the wideband CC. 
Proposal-8: The RA field in DCI scheduling a configured band-part is always based on full wideband CC RB grid.   
For the similar reasons as discussed in the previous section for co-existance of intra-CA UE with wideband UEs on the same carrier, the RAN1 should agree on the same principles also for BW adaption:
Proposal-9: The DL DMRS scrambling sequence used within a band-part is defined per PRB grid structure of the wideband CC.

Proposal-10: A UE operating on a band-part reports CSI for the sub-bands, defined by the wideband CC, overlapping the configured band-part.

One other issue is the presence of CSS within the band-part. It would be beneficial for the UE operating on the band-part to follow CSS with a given periodicity. Therefore, it is an open question how to configure CSS, such that narrow band UEs could follow it.  
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 4: 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 5: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 on Pcell for all CC. 
· Beam management procedures are based on Pcell BRS/MRS and best beam direction is same for all CC for given UE. 
· The RACH can be operating on Pcell 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-11: 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 wide-band aspects of the NR and we have the following observations and proposals:
Observation-1: When a gNB operates simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs, all UEs operating on the wideband CC should be aware of wideband CC PRB grid.
Proposal-1: PRB grid structure of a wideband CC can be informed to the UEs operating within the wideband CC by SIB. 
Proposal-2: Consider DMRS on CSS as additional frequency and time tracking signals in DL.  
Proposal-3: The DMRS scrambling sequence is defined per PRB grid structure of a wideband CC
Proposal-4: The sub-bands are defined per PRB grid structure of a wideband CC.
Proposal-5: From a UE point of view, only single numerology at a given time on a single carrier is supported.
Proposal-6: Further study whether configured band-part A and band-part B can be of a different numerology on a single carrier.
Proposal-7: Default BW indicated (by e.g. MIB) and at least two configured BW-parts are supported.
· [bookmark: _GoBack]FFS on the maximum number of BW parts that can be configured to a UE.	
Proposal-8: The RA field in DCI scheduling a configured band-part is always based on full wideband CC RB grid.   
Proposal-9: The DL DMRS scrambling sequence used within a band-part is defined per PRB grid structure of the wideband CC.
Proposal-10: A UE operating on a band-part reports CSI for the sub-bands, defined by the wideband CC, overlapping the configured band-part.
Proposal-11: Support CA configurations, where only single carrier is transmitting SS-blocks for downlink synchronization, RRM measurements and beam management actions. 
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