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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In NR, both single-carrier and multi-carrier operation have been studied for wider and/or flexible bandwidth operation.
For multi-carrier operation, it was agreed that both carrier aggregation and dual connectivity operation are supported in RAN1#87 as follows:
Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
Agreements:
· For phase 1, carrier aggregation / dual connectivity operation within NR carriers over e.g., around 1 GHz contiguous and non-contiguous spectrum from both NW and UE perspectives is supported.
· [4-32] should be assumed for further study of the maximum number of NR carriers.
· RAN1 will try to decide the exact number in this week.
· Cross-carrier scheduling and joint UCI feedback are supported.
· Per-carrier TB mapping is supported.
· FFS TB mapping across multiple carriers.

For single carrier operation, RF bandwidth adaptation has been studied and following agreements were made in RAN1#86bis.
Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X us (FFS: value of X).
· FFS the first RF bandwidth is within the second RF bandwidth.
· FFS the first RF bandwidth is at the center of the second RF bandwidth.
· FFS the maximum ratio of the first RF bandwidth over the second RF bandwidth.
· FFS detailed mechanism
· FFS RF bandwidth adaptation for RRM measurement

In this contribution, we discuss some of mechanisms for flexible bandwidth operation taking into account the above agreements related to downlink data scheduling. The control channel aspects for flexible bandwidth operation are discussed in our companion contribution [1].
Discussion
0. Mechanisms for flexible bandwidth operation
In RAN1#72, synchronized new carriers were discussed in New Carrier Type for LTE [2]. In [3], potential designs were identified as follows.
· Segment is in the same band with backward compatible carrier (BCC)
· Segment is only downlink
· Segment size is less than backward compatible carrier.
· BCC and segment are synchronized in time and frequency.
· PSS/SSS/PBCH/SIBs are not transmitted in segment.
· Single (e)PDCCH DCI indicates both BCC and segment
· One HARQ for BCC and segment
· The maximum resource allocation size as the sum of BCC and segment is 110 PRB pairs (20MHz).
· Segment supports only unicast PDSCH.
· CRS is transmitted on segment, and TM1-10 can be supported.
· Following points would be RAN4 discussion
· FFS on guard band between BCC and segment.
· FFS on segment can be either on both edges or one edge of BCC.
The merits compared with CA were identified as:
· Optimized design for band filling like 6MHz
· No separate HARQ/CSI/DCI => Control resource and complexity reduction
· HARQ buffer is utilized efficiently because of no split
· No need of additional intra-band CA capability
· Band X (with BCC + segment) + Band Y   =>  2 CA capable UE.
· Band X (with BCC + synch carrier) + Band Y  => 3 CA capable UE.
We see the similarity between the above segment in synchronized new carriers and RF bandwidth adaptation. The first RF bandwidth in RF bandwidth adaptation could have similarity to BCC in synchronized new carriers and second RF bandwidth could have similarity to “BCC + segment” (or segment only).
BCC or first RF bandwidth is for default (group) common search space (CSS) and user search space. BCC or first RF bandwidth is also for receiving PSS/SSS/MIB/SIB, PRACH procedure, RRC connection procedure. UE knows segment bandwidth information or second RF bandwidth information (such as DCI size for resource allocation) from SIB or dedicated RRC signalling and so on. The PDCCH can schedule wider scheduling including segment is also similarity.
On the other hand, “Segment size is less than backward compatible carrier,” “the maximum resource allocation size as the sum of BCC and segment is 110 PRB pairs (20MHz)” and “CRS is transmitted on segment, and TM1-10 can be supported” are different in NR. The group scheduling over second RF is not necessary to be restricted. Therefore, “segment supports only unicast PDSCH” is also different in NR.
Observation 1: The concept of “BCC and segment” discussed in synchronized new carriers for New Carrier Type for LTE has similarity to RF bandwidth adaptation for NR regarding to common channel transmission and PDCCH assignment.

Bandwidth configuration
In LTE, bandwidth is indicated by MIB. For flexible bandwidth operation, the bandwidth of BCC or first RF bandwidth could also be indicated by MIB. While for the bandwidth indication of “BCC + segment(s)” or second RF bandwidth, there would be several options as follows:
· Option 1: MIB indicates only the BCC bandwidth. Bandwidths for segments are indicated by SIB or dedicated RRC signalling.
· Option 2: MIB indicates one “BCC + segment(s)” bandwidth.
· Option 3: MIB indicates one contiguous “BCC + segment(s)” bandwidth. Other segments that are non-contiguous are indicated by SIB or dedicated RRC signalling.
Option 1 would be reasonable choice for RF bandwidth adaptation. On the other hand, Option 2 and Option 3 would have the benefit for the case the BCC is narrower bandwidth. If MIB and SIB are only transmitted in the BCC in that case, the system might not be operable because of the lack of resource. In that case, if the UE is already aware from MIB of the wider bandwidth, it could become operable. But if there is a frequency gap between BCC and segments, this signal could be very expensive. Then in MIB (or SIB) it would be possible to indicate “BCC + segment” bandwidths just for the cases where there is no frequency gap, i.e. only for if BCC and segments are fully contiguous.
Segment carrier or second RF bandwidth could be activated by MAC signaling as LTE CA protocol or configured by LTE RRC signaling. Dynamic bandwidth configuration by DCI could also be considered in NR. In this case, 2-step approach such as 1st DCI in BCC PDCCH configures segments and 2nd DCI in “BCC + segments” PDCCH allocates the resource could be considered.

Resource allocation (for downlink data channel)
In order to reduce the control signaling overhead, resource allocation should be based on virtual carrier which includes “BCC + segments”, which means one TB in “BCC + segment(s)” and then, single PDCCH DCI indicates both BCC and segment. In this case, the parameters of resource allocation, such as RBG, PRG, CSI subband, and SRS subband, for “BCC + segment(s)” (or second RF bandwidth) should be carefully designed to efficient resource utilization. Taking RBG for example, if RBG size is based on “BCC +segment(s)” bandwidth or second RF bandwidth to reduce DCI size, RBG size might be different between UEs, which results in inefficient resource utilization. Therefore, some alignment of RBG size or configurability would be necessary for UE specific flexible bandwidth operation. In addition, if there is a frequency gap between BCC and segments, RBG boundary for virtual carrier is not aligned to the boundary of BCC and segments, i.e., RBG can span across BCC and segments. In this case it will give detrimental impacts to scheduling, precoder choice, and channel estimation. Then, some alignment of the boundary of parameters, such as RBG, PRG, CSI subband, and SRS subband should also be considered.
Proposal 1: Some alignment or configurability of the parameters of resource allocation should be considered for UE specific flexible bandwidth operation.

0. TB mapping across multiple carriers
In RAN1#87, per-carrier TB mapping is supported for CA / dual connectivity operation, while TB mapping across multiple carriers was FFS. In [4], the TB mapping schemes was discussed taking into account the control signalling. We also see the benefits of TB mapping across multiple carriers especially when CA / dual connectivity with multiple smaller bandwidth is considered. We also think that to realize the flexible bandwidth behavior within single-carrier would be more prioritized decision and then, what mechanism can be reused/modified could be discussed for CA / dual connectivity. Considering RF bandwidth adaptation within single-carrier as above, the similar mechanism may be available between single-carrier operation with RF bandwidth operation and multi-carrier operation with CA / dual connectivity. Therefore, TB mapping across multiple carriers should also be considered for NR CA / dual connectivity operation.
Observation 2: TB mapping across multiple carriers should also be considered for NR CA / dual connectivity operation.

Conclusion
In this contribution, we discussed some of mechanisms for flexible bandwidth operation related to downlink data scheduling and we have the following proposals:
Observation 1: The concept of “BCC and segment” discussed in synchronized new carriers for New Carrier Type for LTE has similarity to RF bandwidth adaptation for NR regarding to common channel transmission and PDCCH assignment.
Observation 2: TB mapping across multiple carriers should also be considered for NR CA / dual connectivity operation.

Proposal 1: Some alignment or configurability of the parameters of resource allocation should be considered for UE specific flexible bandwidth operation.
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