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1. Introduction

In RAN1#86bis, there was discussion on wider bandwidth operation and the following agreements were made [1]:
	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


In this contribution, we discuss (1) data configured subband based operation in a single NR carrier having wider bandwidth and (2) consideration points for CA operation among NR carriers.
2. Discussion

2.1. Subband based operation in a single NR carrier
As agreed in RAN1#86bis, wideband single carrier 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.
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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.

2.2. CA operation among multiple NR carriers
In current CA operation with LTE system, PUCCH conveying the UCIs (e.g. HARQ-ACK, periodic CSI, SR) on any of configured cells for a UE is transmitted only in Pcell, in order for reliable feedback of the UCIs. Even in the case configured with Rel-12 Dual connectivity or Rel-13 PUCCH on Scell, PUCCH conveying the UCIs on a cell group (CG) is transmitted only via one particular cell (denoted as anchor cell) among the cells belonging to the CG. In addition, (E)PDCCH conveying the DCI (e.g. DL assignment, UL grant) to schedule PDSCH/PUSCH transmission on a cell can be configured to be transmitted via different cell (i.e., cross-CC scheduling), in order for more robust signalling of the DCI.

Even under NR system environment, each UE may have different CA capability for UL according to UE implementations, and even for the UL CA capable UEs, coverage (or power) of UL transmission could be limited according to channel condition. For this reason, the possibility of transmitting UCI of a cell to another cell (e.g. like UCI PUCCH only on Pcell in LTE) could be a baseline for UL control channel transmission conveying UCIs. Moreover, unlike the current LTE, each NR cell configured for CA (for a UE) could operate with different OFDM numerology (e.g. different sub-carrier spacing or symbol/subframe duration or TTI length) according to carrier frequency (e.g. below 6 GHz or above 6 GHz) or usage scenario (e.g. eMBB or URLLC or mMTC), and it might be complicated or inefficient to apply the above anchor cell approach for the CA of the cells with different numerology due to different subframe duration (or TTI length) between the cells. Considering this, it could be investigated as an additional approach for UCI signalling in NR CA that UL control channel conveying the UCI on a cell is transmitted on the same cell (denoted as per cell approach) or multiple cells via grouping (e.g., similar to PUCCH cell) are used for UCI transmissions.

Proposal #5: Discuss on UCI signalling based on anchor cell approach or per cell approach for the CA in NR, with consideration of CA capability and UL coverage of the UE, complexity and efficiency in HARQ operation.
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Figure 4. An example of anchor cell approach for UCI signalling in NR CA
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Figure 5. An example of per cell approach for UCI signalling in NR CA
Moreover, even for CA of NR cells, there might be some situations requiring the configuration of cross-CC scheduling for certain cell, for example, inter-cell interference effect, bad channel condition to transmit DL control channel, congestion of control signalling for multiple UEs. For this reason, it could be considered to adopt the cross-CC scheduling method even for the CA in NR system. In this case, it may be needed to consider how to support cross-CC scheduling between the cells with different numerology (e.g. scheduling cell and scheduled cell operate with different sub-carrier spacing or TTI length) in terms of the timing relationship between DL/UL grant signalling and the corresponding DL/UL data transmission. For example, scheduling unit for Pcell and Scell can be aligned to simplify DL/UL HARQ timing relationship when cross-carrier scheduling is configured. Specifically, if Pcell has 15kHz subcarrier spacing and Scell has 60kHz subcarrier spacing, consecutive 4 slots can be bundled for scheduling unit in the cross-carrier scheduled Scell. Similarly, it may also be needed to consider how to support anchor cell approach for UCI signalling in the CA between the cells with different numerology (e.g. Pcell and Scell operate with different sub-carrier spacing or TTI length) in terms of the timing relationship between DL data reception and the corresponding HARQ-ACK feedback transmission.
Proposal #6: Discuss on DCI signalling based on cross-CC scheduling and UCI signalling based on anchor cell approach for the CA of the NR cells with different numerology, in terms of DL/UL HARQ timing relationship.

Furthermore, under the CA between the cells with different numerology (e.g. different symbol duration), synchronization between multiple cells may also need to be considered. In addition, considering introduction of analog (or hybrid) beamforming based operation in NR [2] especially for high frequency band (e.g. above 6 GHz), it may also be necessary to consider CA with the cells operated with analog beamforming.
Besides, in RAN1#86bis meeting, it was agreed to study mechanisms to support single carrier operation over wideband spectrum (e.g. around 1 GHz contiguous spectrum) in NR [3]. Regarding this operation, several potential issues may need to be considered:

1) Scheduling of one TB over wideband

A. Associated HARQ operation over wideband is to be investigated (in terms of, e.g. HARQ-ACK feedback, buffer handling, etc.).

2) Common signal and DL/UL RS transmission

A. Generation and processing of those signals is to be investigated (in terms of, e.g. RS sequence, scrambling, etc.).

3) DL/UL BW configured for the wideband-capable UE
A. Configurability on different BW or different operation (e.g. single wideband carrier or CA) between DL and UL is to be investigated.

Proposal #7: Investigate on potential issues to support wideband operation in NR related to, e.g. TB scheduling over wideband, common signal and DL/UL RS transmission, and DL/UL BW configuration for UE.
In terms of power control for CA, power control of LTE dual connectivity can be expanded where guaranteed power is assigned to each carrier group (where carrier group may include carriers with the same numerology or same TTI) and the remaining power can be shared based on UCI type and/or transmission timing. For this, aspects of different numerologies, and different slot length should be further considered. Furthermore, the impact from power transient period due to potentially different slot length between carriers should be considered. To minimize the impact, even with DC, TDM of UL transmission may be considered, or power difference should be kept to a limited level within a slot.

Proposal #8: Dual connectivity power control framework is a starting point for power control of NR/LTE multi-carrier operations. Further consideration on different slot/subframe length between LTE/NR including power transient period is necessary.

3. Conclusion
In this contribution, we discussed data configured subband based operation in a single NR carrier and CA operation among multiple NR carriers and the following proposals were made:
Proposal #1: A data configured subband 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 #5: Discuss on UCI signalling based on anchor cell approach or per cell approach for the CA in NR, with consideration of CA capability and UL coverage of the UE, complexity and efficiency in HARQ operation.
Proposal #5: Discuss on UCI signalling based on anchor cell approach or per cell approach for the CA in NR, with consideration of CA capability and UL coverage of the UE, complexity and efficiency in HARQ operation.

Proposal #6: Discuss on DCI signalling based on cross-CC scheduling and UCI signalling based on anchor cell approach for the CA of the NR cells with different numerology, in terms of DL/UL HARQ timing relationship.

Proposal #7: Investigate on potential issues to support wideband operation in NR related to, e.g. TB scheduling over wideband, common signal and DL/UL RS transmission, and DL/UL BW configuration for UE.
Proposal #8: Dual connectivity power control framework is a starting point for power control of NR/LTE multi-carrier operations. Further consideration on different slot/subframe length between LTE/NR including power transient period is necessary.
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