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1. Introduction
In RAN1#86bis, the followings are agreed. 
Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz

· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier

· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
This contribution discusses data configured subband concept which can allow utilizing wideband via aggregating multiple subbands. 
2. Discussion

As agreed in RAN1#86bis, wideband operation in NR is being studied. More importantly, the supported bandwidth by the network and UE may be different, and there could be UEs with different supported bandwidth capabilities. In this sense, overall the following cases should be considered in NR. 
[image: image1.emf]NR 

Carrier

S

y

s

t

e

m

 

B

W

U

E

 

s

u

p

p

o

r

t

e

d

 

B

W

NR 

Carrier

S

y

s

t

e

m

 

B

W

U

E

 

s

u

p

p

o

r

t

e

d

 

B

W

NR 

Carrier

S

y

s

t

e

m

 

B

W

U

E

 

R

F

 

B

W

U

E

 

R

F

 

B

W

U

E

 

s

u

p

p

o

r

t

e

d

 

B

W

(a) UE supports system 

bandwidth with single RF

(b) UE supports smaller 

bandwidth with single RF

(c) UE supports system 

bandwidth with multiple RFs


Figure 1. Illustration of Different UE Supported Bandwidth
Regarding “UE supported bandwidth”, it can change dynamically for example to minimize energy consumption. in other words, even if UE supports entire system bandwidth as a capability, in operation, UE bandwidth can be configured smaller compared to the system bandwidth. Moreover, UE supported bandwidth can be different depending on numerology used. 
Particularly in case a UE may support carrier’s system bandwidth via multiple UE RFs as shown in Figure 1 (c), LTE’s carrier aggregation may not be efficient as it would also require the network manages multiple carriers, and support wideband via carrier aggregations. LTE carrier aggregation framework would be efficient in case network system bandwidth and UE capability are aligned. However, in NR, the design target is not to assume any binding between two, thus, more flexible mechanisms are necessary to address different capability between network and UEs, and also between UEs. 

Observation 1: LTE carrier aggregation framework may not effectively handle the wideband operation in consideration of different capabilities between network and UEs and among UEs. 

To allow efficient operation in such scenarios, we propose that a UE can be configured with one or multiple of “Data Configured Subband” within a NR carrier. A data configured subband (D-CS) can be defined as follows. 
· A UE expects that at most one UE-specific TB can be transmitted within D-CS in a slot

· When a UE is configured with mini-slot operation as well, additional TB may be transmitted
· A UE expects that single numerology is used for data transmission in a D-CS, and thus, slot size is defined per D-CS. 

· A UE expects that single numerology is used for control transmission in a D-CS which may be same to the data numerology as a baseline, and may be configured to be different if different numerology case is supported. 

· A UE is not expected to retune frequency to access any data within a D-CS in a given slot. 
· A D-CS can be configured within the set of UE supported bandwidth covered by potentially multiple UE RFs. 

Proposal 1. A data configured subband where one TB can be mapped is defined in NR wideband operation. 
Figure 2. shows a few examples of D-CS configurations.
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Figure 2. Illustration of different D-CS configuration options
We consider configuration of multiple D-CSs within a NR-carrier can be beneficial for the followings reasons. First, particularly in a wideband, frequency selectivity can lead considerable effect, and it is worthwhile to consider allow to schedule data with different MCS in different frequency locations. Secondly, a UE may not be able to support entire system bandwidth with only one RF/baseband component. Similar to carrier aggregation, to support entire system bandwidth, a UE may need multiple RF/baseband components. Capabilities of carrier aggregation can be used within one carrier as if a UE is configured with multiple carriers (e.g., intra-band contiguous/non-contiguous CA). Thirdly, different numerology can be used in each D-CS if the UE supports multiple numerologies simultaneously. Lastly, it would be also useful to dynamically/semi-statically adapt UE monitoring bandwidth. For example, a UE can be configured with multiple D-CSs which cover the entire UE supported bandwidth, and one or some of D-CSs can be dynamically/semi-statically turned on/off which can lead adaptation of bandwidth. This is illustrated in Figure 3. 
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Figure 3. Illustration of Dynamic Bandwidth Adaptation
When a UE supports multiple RFs to cover wide bandwidth, overall two approaches can be considered. One is to configure D-CS per each RF (similar to CA), and the other is to configure D-CS within UE supported bandwidth supported by potentially multiple RFs. Each approach is illustrated in Figure 2 bottom case (b) and (c) respectively. The first approach would be beneficial as many aspects from CA can be applied, while scheduling overhead may be bigger than the second approach. In NR, we should investigate both options further. In other words, a TB may be scheduled and received by potentially multiple RF components which can be processed in one baseband. To support this, necessary UE capability and impact needs to be further investigated. Generally, we propose to consider multiple options of D-CS aggregation and configuration to enable efficient wideband operation. 

Proposal 2. A UE can be configured with one or multiple of D-CS in a NR carrier. In other words, single or aggregated D-CS can be configured within a NR carrier. 

Proposal 3. Further study is necessary whether to allow a single D-CS can be supported by multiple UE RF components.

To minimize misbehavior due to ambiguity between the network and UE, it is generally desirable to consider primary D-CS (e.g., D-CS1 in Figure 3) which may not be changed or turned off, and secondary D-CS which can be dynamically activated and deactivated. 
Proposal 4. In D-CS aggregation, consider primary and secondary D-CS where primary D-CS may not be deactivated when a UE maintains RRC connection. 

3. Conclusions

This contribution discusses data configured subband (D-CS) which can be different from a NR carrier in the following aspects. 
· D-CS can be UE-specifically defined whereas carrier is cell-specifically defined

· A carrier can contain one or multiple D-CSs from both network and UE perspective

· It may be possible to allow a D-CS is supported by multiple UE RF components whereas carrier has been supported by single RF in LTE

· D-CS can be configured with smaller bandwidth than system bandwidth of a carrier even if a UE supports system bandwidth
· Multiple D-CS may be configured to a UE even if the UE supports system bandwidth in a NR carrier
We have following observation and proposals. 

Observation 1: LTE carrier aggregation framework may not effectively handle the wideband operation in consideration of different capabilities between network and UEs and among UEs. 

Proposal 1. A data configured subband(D-CS) where one TB can be mapped is defined in NR wideband operation. 
Proposal 2. A UE can be configured with one or multiple of D-CS in a NR carrier. In other words, single or aggregated D-CS can be configured within a NR carrier. 

Proposal 3. Further study is necessary whether to allow a single D-CS can be supported by multiple UE RF components.

Proposal 4. In D-CS aggregation, consider primary and secondary D-CS where primary D-CS may not be deactivated when a UE maintains RRC connection. 
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