3GPP TSG RAN WG1 Meeting #87                                                                   R1-1612710
Reno, USA 14th – 18th November 2016
Source:
NTT DOCOMO, INC.
Title:
Consideration on wider BW operation for NR
Agenda Item:
7.1.4
Document for: 
Discussion and Decision

1. Introduction

At the RAN1#86bis meeting, it was discussed how 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. According to the discussion at the RAN1#86bis meeting, the following two approaches, i.e., carrier aggregation and single carrier operations, have been identified.
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
· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives

Also, the following aspects were agreed to initiate the studies on NR carrier aggregation/dual connectivity.
Agreements:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity
In this document, we provide our further considerations on single carrier operation and carrier aggregation/dual connectivity assuming wider BW targeting a carrier frequency of around 30GHz. We also discuss the impact of operational scenario on the physical layer designs for the NR. 
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. Carrier Aggregation/Dual Connectivity

For carrier aggregation/dual connectivity, we discuss the necessary features based on the agreed aspects.

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios
· It is desired that all of these scenarios are supported. One of the motivations to support inter-TRP carrier aggregation/dual connectivity operation is that each BS apparatus is not ready to support the full BW of around 1GHz if the existing BS apparatus is reused for the initial NR deployment as shown in Fig. 3.

· For both intra-TRP and inter-TRP, it is desired that the UEs with different BW capabilities can have flexibly access to the NR carriers as shown in Fig. 4. A UE may have access to the one of NR carriers. After some point of initial access procedure, the UE can have flexibly access to the multiple NR carriers as if it has access to the single NR carrier with a wider BW regardless of NW channel BW and the number of NR carriers.

· Requirement to support each scenario in RAN4 needs to be carefully studied.
· Number of carriers
· The number of NR carriers depends on the NR carrier BW and should be carefully determined considering the market demand.
· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers
· If the assigned frequency carrier is dedicated to non-stand-alone (SA) usage, the PBCH and system information may not be needed and other channels could be configurable when needed.
· If the assigned frequency carrier is dedicated to SA usage, the PBCH/SI needs to be transmitted while other channels would be configurable when needed. However, for contiguous CA, only one primary carrier carrying the PBCH/system information may be sufficient.
· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback
· For a single numerology scenario per NR carrier, the current CA mechanism could be reused as the baseline.
· For multiple numerologies for different NR carriers, scheduling/HARQ operations across different numerologies/carriers may be complicated and its feasibility and necessity in early stage should be first identified.
· TB mapping, i.e., per carrier or across carriers
· TB mapping across carriers may be helpful to improve the performance and to reduce A/N payload size. We consider a single TB mapping across carriers to be worth investigation.
· Carrier on/off switching mechanism
· This is similar to dynamic cell on/off through dynamic signaling rather than semi-static signaling (e.g., SCell activation/deactivation). Although the performance gains from dynamic carrier on/off would be expected, the detailed mechanism should be clarified.  
· Power control
· At least for the single numerology scenario, the current power control mechanism for CA can be reused as the baseline. However, for different numerologies scenario, further consideration would be needed.
· Different numerologies between different/same carrier(s) for a given UE
· As discussed above, a certain amount of studies and work are expected to support different numerologies for different carriers. Hence, the usage case for the scenario should be first clearer.
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Figure 3 – Inter-TRP scenarios with ideal/non-ideal backhaul.
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Figure 4 – Wider BW operation (multi-carrier operation from NW perspective).

Based on the discussion above, for the carrier aggregation/dual connectivity, we made the following proposals.
Proposal 3: The following aspects for NR carrier aggregation/dual connectivity should be reused from the LTE.

· Cross-carrier scheduling and joint UCI feedback for the single numerology scenario

· TB mapping per NR carrier
· UL TPC for the single numerology scenario

Proposal 4: The following aspects should be considered for NR carrier aggregation/dual connectivity in Phase 1.

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios are targeted.

· For non-stand-alone operation, the PBCH and system information don’t need to be transmitted from all the NR carriers and other channels are configurable when needed.
Proposal 5: The following aspects should be further studied for NR carrier aggregation/dual connectivity in Phase 1.

· Number of carriers

· TB mapping across NR carriers

· Carrier on/off switching mechanism

· Different numerologies between different/same carrier(s) for a given UE

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

For carrier aggregation/dual connectivity operations, the following proposals are also made.

Proposal 3: The following aspects for NR carrier aggregation/dual connectivity should be reused from the LTE.

· Cross-carrier scheduling and joint UCI feedback for the single numerology scenario

· TB mapping per NR carrier
· UL TPC for the single numerology scenario

Proposal 4: The following aspects should be considered for NR carrier aggregation/dual connectivity in Phase 1.

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios are targeted.

· For non-stand-alone operation, the PBCH and system information don’t need to be transmitted from all the NR carriers and other channels are configurable when needed.
Proposal 5: The following aspects should be further studied for NR carrier aggregation/dual connectivity in Phase 1.

· Number of carriers

· TB mapping across NR carriers

· Carrier on/off switching mechanism

· Different numerologies between different/same carrier(s) for a given UE
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