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1. Introduction

At the RAN1 NR Ad-hoc meeting, in order to utilize wider BW ranging from a few hundreds of MHz to a few GHz at a higher carrier frequency of up to 100 GHz, the candidate radio parameters regarding the maximum channel bandwidth per NR carrier, number of NR carriers, and FFT size were narrowed down as shown below.
Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15

· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands

· RAN1 asks the feasibility of at least followings

· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered

· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz

· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15

· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]

· The maximum FFT size is not larger than [8192, 4096, 2048]

In this document, we provide our further views on single carrier operation and carrier aggregation/dual connectivity assuming wider BW targeting a carrier frequency of around 30GHz. Section 2 remains the same as that in our previous document [1] as single carrier operation was not fully discussed. Section 3 describes our further views on the channel BW and the number of NR carriers for CA/DC. 
2. Single Carrier Operation
We discuss and identify necessary features for single carrier operation to support wider BW operation. 

The maximum BW for the broadcast signals/channels related to initial access is to be defined. In single carrier operation, a single set of PSS/SSS/PBCH related to initial access is to be transmitted from a certain frequency location of an NR carrier. However, as shown in Fig. 1, if the NW channel BW is significantly larger than the BW for the PSS/SSS transmission and the UE channel BW, only a single set of PSS/SSS/PBCH may not be sufficient. When or after the UE performs the initial access using PSS/SSS/PBCH, the UE would be offloaded to different frequency locations not carrying the PSS/SSS/PBCH. In such a frequency location, time and frequency synchronization/tracking may be issue since PSS/SSS are not transmitted for time and frequency synchronization/tracking purpose. The simplest approach to this issue is to place the UE channel BW such that PSS/SSS/PBCH is included in the UE channel BW. However, this solution is the least attractive as the radio resources around PSS/SSS/PBCH are to be congested if there are many UEs with narrower UE channel BW than the NW channel BW. Although further study on whether a single set of PSS/SSS/PBCH in the wider BW is sufficient or not is required, the following approaches can be considered to address the potential issue.

· Alt. 1: Set the gap for synchronization/tracking 

This approach has been introduced for eMTC and NB-IoT when the number of repetitions is very large. A gap for time/frequency synchronization is configured by higher layer signaling. We note that there may be a scheduling restriction on transmission and reception during the gap.  
· Alt. 2: Transmission of multiple PSS/SSS/PBCH in an NR carrier 
This approach allows an NR carrier to transmit multiple PSS/SSS/PBCH from different frequency locations of the NR carrier as shown in Fig. 2. For the initial access, a UE will attempt the initial access for multiple potential frequency locations. This approach would be similar to the carrier aggregation where a set of PSS/SSS/PBCH is transmitted from each NR carrier. Support for multiple PSS/SSS/PBCH transmissions in an NR carrier is considered to be more flexible than carrier aggregation approach. On the other hand, there may be some possible issues in this approach, e.g., overhead increase in broadcast signals/channels transmission and increased effort on SS search due to denser SS raster. Thus, some restrictions on this approach is needed, e.g., limiting the number of PSS/SSS/PBCH in an NR carrier, limiting the frequency locations, etc.

· Alt. 3: Set a single PSS/SSS/PBCH in an NR carrier for initial access and configure additional RS for synchronization/tracking 

With this approach, a single set of PSS/SSS/PBCH for the initial access is transmitted from a certain frequency location of the NR carrier. After the initial access, the UE is offloaded to different frequency locations not carrying the PSS/SSS/PBCH and the UE is configured to use the RS for synchronization/tracking, e.g., PSS/SSS which may not be used for initial access. This approach will not increase UE effort on the initial access while increase in the overhead can be minimized.

Apart from the above alternatives, there are other implementation based approaches. If the UE has multiple RF functionalities similar to a CA capability, one of RF components can be used for monitoring the PSS/SSS/PBCH always. In this case, a single set of PSS/SSS/PBCH transmission/reception in an NR carrier is sufficient. The feasibility of such an implementation also needs to be studied.

Among the three alternatives, we have a slight preference for Alt. 2 and 3 owing to the NW flexibility. In Alt. 2 and Alt. 3, we see that multiple PSS/SSS are transmitted in an NR carrier and propose the following. Alt. 1 can be considered if needed.

Proposal 1: Consider multiple PSS/SSS transmissions in an NR carrier with a wider NW channel bandwidth and strive to minimize the effort on initial access from UE perspective

Proposal 2: Consider also implementation-based approach to single PSS/SSS transmission in an NR carrier for the case when the UE channel BW is narrower than the NW channel BW
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Figure 1 – Single carrier operation (a single set of PSS/SSS/PBCH in an NR carrier)
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Figure 2 – Single carrier operation (multiple sets of PSS/SSS/PBCH in an NR carrier)

3. Channel Bandwidth and Number of NR Carriers
In addition to the agreements in Sect. 1, further progress was made in the RAN1 NR Ad-hoc meeting as follows.

Agreements:
· If it is decided that maximum CC BW is greater than or equal to 400 MHz and smaller than or equal to 1000MHz

· The maximum number of CCs in any aggregation is [either 8 or 16]

· If it is decided that the maximum CC BW is <=100MHz

· The maximum number of CCs in any aggregation could be [either 16 or 32]
· If it is decided that the maximum CC BW is greater than 100 MHz and smaller than 400MHz
· The maximum number of CCs is FFS

Considering that the channel BW to be allocated for NR is quite wide, e.g., 1GHz, for a higher carrier frequency and carrier aggregation (assuming Rel-10 CA) needs guard band between component carriers, it is desirable to define as wide channel BW as possible. When the maximum channel BW is narrower than the available channel BW, CA can be further applied. The final decision on the maximum channel BW will be made in RAN4 unless RAN1 has strong recommendation. 

Observation 1: When the available channel BW is narrower than the maximum channel BW, single carrier operation would have an advantage over carrier aggregation operations in terms of spectrum efficiency.

Proposal 3: If down-selection of the candidates for the maximum channel BW is not performed during the study item phase, the physical layer channel designs should consider the maximum channel BW of 1 GHz and 16 NR carriers for CA/DC. Note that 32 NR carriers are supported from RAN2 perspective.
If the smaller maximum channel BW, e.g., 100 MHz, is to be defined, NR design should allow for future extension of the maximum channel BW. We consider that such a channel BW extension is not challenging in NR. The reason is that the channel BWs for the physical layer signals/channels would be variable and may not span over the entire channel BW unlike the PDCCH and CRS in LTE. If these physical layer channels with the fixed transmission BW are removed in NR, future extension of channel BW wouldn’t be difficult.
Proposal 4: NR channel designs should allow for future extension of the maximum channel BW. 

In order to utilize wider BW than 100 MHz, the eight cases were identified in RAN4 [2] (see Fig. 3). Cases 1-4 would be classified as a single carrier operation while Cases 5-8 are categorized as carrier aggregation/dual connectivity operation. Furthermore, even for single carrier operations, multiple Rx/Tx chains at gNB and UE are considered [2], [3]. At the RAN1 NR Ad-hoc meeting, it was then proposed to define code block (CB) BW and transport block (TB) BW [4]. In [4], for example, 100 MHz for CB BW and 400 MHz for TB BW are suggested. Hence, if there are such upper limits for the CB BW and TB BW, and the maximum channel BW of 800 MHz is available, simultaneous reception of multiple TBs would be needed to achieve the peak data rate. Hence, regardless of whether multiple Rx/Tx chains are considered or not, RAN1 specification should support simultaneous receptions of multiple TBs in a scheduled time unit if necessary. Note that this should be applied regardless of the outcome of CW-to-layer mapping which is being discussed in NR-MIMO.

Proposal 5: NR should support simultaneous reception of multiple TBs in a scheduled time unit.
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Figure 3- Implementation options for wider BW operations.

4. Conclusion
In this contribution, we presented our considerations on the single carrier and carrier aggregation/dual connectivity mechanisms to use a wider BW of around 1GHz considering the future spectrum allocation. Based on the discussion, we propose the following for the single carrier operation.

Proposal 1: Consider multiple PSS/SSS transmissions in an NR carrier with a wider NW channel bandwidth and strive to minimize the effort on initial access from UE perspective

Proposal 2: Consider also implementation-based approach to single PSS/SSS transmission in an NR carrier for the case when the UE channel BW is narrower than the NW channel BW

We also discussed the maximum channel bandwidth and related parameters. In summary, we made the following observation and proposals.

Observation 1: When the available channel BW is narrower than the maximum channel BW, single carrier operation would have an advantage over carrier aggregation operations in terms of spectrum efficiency.

Proposal 3: If down-selection of the candidates for the maximum channel BW is not performed during the study item phase, the physical layer channel designs should consider the maximum channel BW of 1 GHz and 16 NR carriers for CA/DC. Note that 32 NR carriers are supported from RAN2 perspective.
Proposal 4: NR channel designs should allow for future extension of the maximum channel BW. 

Proposal 5: NR should support simultaneous reception of multiple TBs in a scheduled time unit.
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