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1 Introduction
In this contribution, we give our general preferences for the NR design for wide bandwidths and try to progress some of the agreements from last meeting.
2 Non-contiguous frequency allocation within a wide bandwidth carrier
The following was agreed at the last RAN1 meeting:
	Agreements:
· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching



NR is targeting to support channel bandwidths per carrier which are significantly larger than the 20MHz maximum CC BW of LTE. This is due to the potentially large contiguous spectrum availability envisioned for NR deployments, especially above 6GHz and operating across the wide bandwidth as a single carrier is more spectrally efficient than operating with a large number of contiguous intra-band component carriers with smaller bandwidth. 

However, there are interesting scenarios where a UE may only be allocated within frequency sub-bands of the wider BW and furthermore these allocations may be non-contiguous (e.g. at either end of the carrier BW).  One motivation for this flexibility is to support the dynamic coexistence of LTE and NR on the same carrier. For example in Figure 1, a LTE SCell is activated/deactivated within a NR carrier in order to efficiently multiplex LTE/NR traffic and the NR UE should be able to receive and monitor the appropriate BW within the configured NR carrier. This non-contiguous sub-band design can be generalized to support other frequency partitioning scenarios within NR and other RATs and should consider flexibility for forward compatibility. The requirements on the size of the sub-bands including guard bands may depend on multiple factors such as UE RF capability and whether there are coexistence requirements which must be met within adjacent frequency regions (e.g. ACLR). However such requirements are not envisioned to be different compared to those for adjacent carriers in general or within a carrier which supports multiple numerologies multiplexed in the frequency domain.
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Figure 1: Dynamic Frequency Partitioning of LTE and NR

While the NR carrier aggregation framework could be used to support a scenario as depicted in Figure 1, there are several disadvantages which should be considered further. Taking the LTE framework for NR CA and DC as a starting point implies semi-static (e.g. L2-based signalling) configuration and adaptation, which may be reasonable for the inter-band case due to the need for inter-frequency measurement and separate RF chains at the UE to cover a wide range of possible frequency bands above and below 6GHz. However, this approach is inefficient due to the required signalling overhead if there are a large number of sub-bands and also limits the flexibility in terms of dynamic scheduling at the network due to the delay between the time the UE receives the activation command and when the gNB can begin scheduling data. Instead NR should target timescales faster than LTE CA for operating within a single wider bandwidth NR carrier.

Proposal 1: NR should support flexible and efficient non-contiguous frequency allocations within a wider bandwidth CC at timescales faster than LTE carrier aggregation. Consequently, multiple bandwidth parts with the same or different numerologies can be active for a UE simultaneously.
3 Activation/deactivation of bandwidth parts
The following was agreed at the last RAN1 meeting:

	Agreements:
· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.

· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 

· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)

· Option #1: DCI (explicitly and/or implicitly) 

· Option #2: MAC CE

· Option #3: Time pattern (e.g. DRX like)

· Details FFS



Since the above approach is targeting a faster time-scale for adaptation than LTE, it should utilize L1 signalling and we introduce the term Bandwidth Aggregation (BA) for operation across non-contiguous regions within a wider bandwidth NR carrier to differentiate it from CA which operates on an inter-carrier basis. 

In addition there are certain implications on the procedures and capabilities required at the UE. For example, one key consideration is that the UE will need to be capable of monitoring within the entire carrier BW and quickly receiving transmissions within the allocated frequency regions. While different approaches to the signalling of such non-contiguous allocations can be studied by RAN1, a basic principle should be that different transport blocks can be scheduled within the different aggregated bandwidth regions. This is intended to give more flexibility to the network by supporting independent MCS selection, MIMO layers, and HARQ processes in the sub-bands to maximize spectral efficiency or even support independent scheduling depending on the deployment scenario (e.g. multi-TRP).  

Proposal 2: NR should support L1-based Bandwidth Aggregation (BA) using a single RF front-end at the UE for the reception of multiple transport blocks with non-contiguous frequency allocations within a wider bandwidth CC. 
4 CSI/RRM bandwidth adaptation and configuration
The following was agreed at the last RAN1 meeting:
	Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain

· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))

· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 

· FFS: via either RMSI, other system information, or RRC signaling

· FFS: number of SS blocks in wideband

· FFS: number of SS blocks for RRM measurement

· FFS: Details of measurement configuration



To support L1-based bandwidth aggregation, the frequency resources used for CSI and RRM measurements (e.g. measurement bandwidth) may also be configurable and adapted by the network to not necessarily span the entire configured carrier but instead may comprise non-contiguous sub-bands. These subbands should be indicated/configured to the UE for neighbour cell and serving cell RRM separately. This is, for example, beneficial in the case of LTE-NR coexistence to ensure that measurements are not performed over the part of the NR carrier that is turned off. As mentioned in the NR SI TR, this adaptation could be done by at least semi-static (e.g. RRC configured) signalling, however especially given the proposal to introduce L1 signalling for BA, more dynamic approaches may be considered if beneficial for the network to efficiently allocate resources across sub-bands. 

Proposal 3: NR should support UE-specific adaptation/configuration of the CSI/RRM measurement bandwidth independently of the carrier bandwidth configuration.
Proposal 4: Subbands for neighbour cell and serving cell RRM are indicated/configured to the UE separately.
5 Frequency location of CORESET and NR-PDSCH for RMSI 
The following was agreed at the last RAN1 meeting:
	Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting

· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH

· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH

· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH



Since the UE has to receive the RMSI before RRC connection setup, the bandwidth parts are not yet configured or known to the UE by the time it decodes the RMSI. Hence, for alternatives 2 and 3, any such information must be included in the NR-PBCH payload. As in any cellular communications system, the system information bits carried on the PBCH are a precious resource due to the always-on nature of the broadcast channel. Also, less bits mean lower code rate and a higher probability that the UE receives the PBCH with a single transmission thereby reducing UE power consumption and access latency. We thus propose to agree on Alternative 1, i.e., the bandwidth configuration is not broadcasted in the PBCH but rather UE-specifically configured. If multiple bandwidth parts are configured with SS block transmissions, the network can still perform load balancing by using the RAN2 cell baring mechanism that NR will have to provide anyway. 

Proposal 5: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
Further details on the NR-PBCH payload design can be found in our companion contribution in [1].
6 Bandwidth adaptation for advanced energy savings
The following was agreed at the last RAN1 meeting:
	Agreements:
· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.

· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 



NR features enhanced bandwidth adaptation mechanisms for advanced energy savings at the UE receiver. More specifically, a UE may be configured to receive downlink transmissions including downlink control information, PDSCH and reference signals for channel state information acquisition or RRM purposes in a first small bandwidth. When a large data packet arrives in the gNB MAC buffer, the scheduler indicates in the DCI that the UE receiver shall expand its RF bandwidth to a larger bandwidth for transmission of said large data packet on a PDSCH in later OFDM symbols. We believe that the bandwidth adaptation feature can be implemented using the subband concept of the above bandwidth aggregation feature, i.e., one subband is configured as the first small bandwidth whereas the second large bandwidth is an aggregation of multiple subbands. When the gNB signals to the UE either dynamically or semi-statically to expand (respectively shrink) the bandwidth the old and new bandwidths are always defined as subbands or aggregations thereof and cannot span partial subbands. Note, however, that when the UE BW expands, the allocation within the aggregated BW can be non-contiguous, i.e., a large PDSCH which uses all the subbands serves merely as an example. 
Proposal 6: The bandwidth adaptation feature can be implemented using a subband concept: one subband is configured as the first small bandwidth whereas the second large bandwidth is an aggregation of multiple subbands

For the purpose of load balancing, the network can also configure different subbands as first small bandwidth for different UEs. Similar to the NB-IoT design, where narrowband UEs coexist in the 20MHz bandwidth of an LTE system, a UE can receive PSS/SSS/PBCH/SI (namely all common signals and channels) on a given subband. After the RRC connection is established, the NW can configure a new subband for the UE. In this case, the UE no longer monitors for DCI on the first subband where it received the common signals and channels and starts monitoring DCI on the new subband. 
Proposal 7: For the purpose of load balancing, the network can configure different subbands as first small bandwidth for different UEs

As mentioned in the agreements, the network may support a large bandwidth with a single RF front-end and FFT whereas some or all UEs may have separate RF front-ends each supporting a smaller bandwidth with a separate FFT. The specific UE implementation may or may not be agnostic to the network. Knowing how the UE partitions a wide bandwidth into multiple RF front-ends/FFTs may be beneficial for power savings at the UE. By taking into account how the UE partitions the RF into FFTs, the network can schedule transmissions to be contained within a limited number of subbands thereby allowing the UE to turn off other RF front-ends. This results in prolonged battery life at the UE. This partitioning at the UE may also be taken into account in the configuration and triggering of aperiodic or periodic CSI and RRM measurements at the UE. For example the network may configure the UE only with CSI/RRM measurements on a limited number of subbands at a time corresponding to the RF front-end/FFT implementation. The network may indicate to the UE a semi-static pattern for switching between different subband or bandwidth partitions within the wideband carrier to enable measurement of the entire bandwidth over several measurement instances.  
Proposal 8: The network knows how the UE partitions a wide bandwidth into multiple RF front-ends. 
7 Conclusion

In this contribution, we gave our general preferences for the NR design for wide bandwidths and tried to progress some of the agreements from last meeting. The following is proposed:
Proposal 1: NR should support flexible and efficient non-contiguous frequency allocations within a wider bandwidth CC at timescales faster than LTE carrier aggregation. Consequently, multiple bandwidth parts with the same or different numerologies can be active for a UE simultaneously.

Proposal 2: NR should support L1-based Bandwidth Aggregation (BA) using a single RF front-end at the UE for the reception of multiple transport blocks with non-contiguous frequency allocations within a wider bandwidth CC. 

Proposal 3: NR should support UE-specific adaptation/configuration of the CSI/RRM measurement bandwidth independently of the carrier bandwidth configuration.
Proposal 4: Subbands for neighbour cell and serving cell RRM are indicated/configured to the UE separately.
Proposal 5: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
Proposal 6: The bandwidth adaptation feature can be implemented using a subband concept: one subband is configured as the first small bandwidth whereas the second large bandwidth is an aggregation of multiple subbands

Proposal 7: For the purpose of load balancing, the network can configure different subbands as first small bandwidth for different UEs

Proposal 8: The network knows how the UE partitions a wide bandwidth into multiple RF front-ends. 
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