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1   Introduction

Bandwidth parts (BWPs) have been discussed in RAN1 and agreements have been reached in the previous meetings [1][2]. 
	RAN1#90
Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

Agreements:
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap

· FFS: details of measurement gap configuration

· During the measurement gap, UE is not expected to monitor CORESET




	RAN1#Adhoc (Sept 2017)
Agreements:
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

Agreements:
· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE

· FFS association of DL BWP and UL BWP

· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions
Agreements:
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell

· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)
Agreements:

· From UE perspective, a cell is associated with a single SS block

· Note: The cell defining SS block has an associated RMSI

· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.

· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier

· Note: This is a clarification of the previous agreement


This contribution is to discuss the potential user plane impacts according to those RAN1 agreements.
2   Discussion
2.1   Switch of the active BWP

The active BWP can be switched by the gNB by means of DCI (and FFS MAC CE), and switching to the default BWP can be conducted by the UE controlled by a timer as well. For the UE power saving purpose, both the two methods can be used to switch BWP, i.e. to switch to a narrow band BWP when the UE has no UL/DL data or has little data for transmission. 

Observation 1: The active BWP can be switched by the gNB by means of DCI (and FFS MAC CE), and switching to the default BWP can be conducted by the UE controlled by a timer.

Partitioning of BWPs has another usage scenario for supporting FDM of different numerologies. RAN1 has agreed that each BWP is configured with only one numerology and as priority only one BWP is activated at the same time on a carrier. However, from a UE perspective, as per RAN2’s agreements, it is possible that services (i.e. in different logical channels) of different numerologies can be supported at the same time. There are two cases to schedule the data in the logical channels of different numerologies:
· Multiple carrier case. The UE can be configured with multiple carriers and on different carriers BWPs can be configured with different numerologies according to the service requirements and logical channel configurations. BWPs with different numerologies can be activated simultaneously on different carriers, so that data in logical channels associated with different numerologies can be transmitted at the same time.

· Single carrier case. In a single carrier configured for the UE, BWPs with different numerologies are configured by RRC according to the service requirements. To support those services which require different numerologies, the network should dynamically switch BWPs using DCI.
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Fig.1 BWPs with different numerologies to support different services/logical channels
Both the two cases should be supported as both the UE and the network may or may not support multiple carriers. 
For the multi-carrier case, it has no problem to support services with different numerologies as per RAN1’s agreements if the number of the required numerologies is less than the number of carriers, i.e. the number of simultaneously activated BWPs. 
However, for the single carrier case or for the case that the number of required numerologies is more than the number of supported carriers, the gNB/UE should switch among those configured numerologies to schedule DL/UL resources of different numerologies. In this case, the latency for switching between BWPs should be short enough to satisfy the latency requirement of the service. From this perspective, MAC CE is not a viable solution as its transmission usually requires relatively long latency.
Observation 2: For the single carrier case, to satisfy the latency requirement, BWP switch delay should be short enough. MAC CE may not be a viable solution as its transmission usually requires relatively long latency.
Proposal 1: To support services requiring different numerologies in a UE, dynamical switch between BWPs of different numerologies in a carrier is supported. 
Proposal 2: From RAN2 perspective, MAC CE is not a viable solution to support BWP switch.
2.2   SR

The UE has only one activated BWP in a carrier. When a UE is working on a UL BWP, it may need to send SR anytime when there is a new data. The working UL BWP could be any one in the configured BWP list. 

At the same time, RAN2 has agreed that multiple SR configurations can be configured to a UE and different logical channels can be linked to different SR configurations. 

An issue is how to configure the SR configuration(s). The following options can be considered:

· Option 1: An SR configuration is configured in each configured BWP, i.e. SR configuration is configured in duplicated manner. In any an active BWP, there are SR configuration(s) applicable and the UE can send SR in the active BWP.

· Option 2: An SR configuration is only configured in one configured BWP (e.g. in default BWP), and there may be no SR configuration available in some configured BWPs. In this case, when one BWP without SR configuration is activated but the UE needs to send SR, the UE should autonomously switch to another BWP with available SR configuration to send SR. After sending the SR, the UE should switch back to the previous BWP and wait for scheduling.
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Fig.2 Option-1 to support SR configuration
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Fig.3 Option-2 to support SR configuration

Option 1 is simple, but requires SR PUCCH configuration(s) duplicated in configured BWPs. Those SR resources configured in the deactivated BWP(s) for a UE are difficult to be reused by other UEs, as the switch between BWPs can be dynamic. Furthermore, multiple SR configurations have been agreed, in which case more resource would be wasted.

On the other hand, in some cases, the numerology of one BWP may not be able to support the requirements for some SR configurations from latency and reliability point of view. 
However, according to RAN1 agreements, it is not clear whether the option 2 can be supported and further clarification is needed. 
Proposal 3: Clarification is needed on whether SR configuration (s) need to be configured on each configured BWP and whether the UE can switch to an inactive BWP to send SR. 

2.3   Random access

RAN1 agreed that DCI can be used to switch the active BWP. However, for random access from idle to connected, there is not BWP configuration yet, and the UE perform random access on the initial active BWP. Therefore, it can be assumed that BWP switch is not applied to this case.

For random access in connected state, BWP switch can be performed once the gNB is aware of the UE identity. For contention based RACH, BWP switch may be performed for MSG4, while for contention free RACH, the gNB may switch BWP after reception of MSG1.
Proposal 4: During random access from idle to connected, BWP switch is not applied.
Proposal 5: BWP switch can be performed during random access in connected state.
2.4   DRX and bandwidth adaptation
According to the usage scenarios agreed by RAN1, bandwidth adaptation can be seen as a mechanism to reduce UE energy consumption. Different from DRX which reduces the UE monitoring activity in the time domain, for bandwidth adaptation, the UE reduces PDCCH monitoring in the frequency domain. In case the UE has much UL/DL data for transmission, the UE can be switched to a wide band BWP by means of DCI so that data can be transmitted in a high data rate. However, when the UE has little or no traffic available, the UE may be switched to a narrow band BWP explicitly by a DCI or implicitly by a timer as agreed by RAN1. 

The relationship between the two power saving mechanisms can be further studied. But the baseline should be they can be separate mechanisms.
Observation 3: DRX and bandwidth adaptation can be seen as two power saving mechanisms. DRX reduces PDCCH monitoring in the time domain while bandwidth part adaptation reduces PDCCH monitoring in the frequency domain.
Proposal 6: DRX and BWP switch should be specified as two separate mechanisms.
3   Conclusion
Observation 1: The active BWP can be switched by the gNB by means of DCI (and FFS MAC CE), and switching to the default BWP can be conducted by the UE controlled by a timer.

Observation 2: For the single carrier case, to satisfy the latency requirement, BWP switch delay should be short enough. MAC CE may not be a viable solution as its transmission usually requires relatively long latency.
Observation 3: DRX and bandwidth adaptation can be seen as two power saving mechanisms. DRX reduces PDCCH monitoring in the time domain while bandwidth part adaptation reduces PDCCH monitoring in the frequency domain.

Proposal 1: To support services requiring different numerologies in a UE, dynamical switch between BWPs of different numerologies in a carrier is supported. 
Proposal 2: From RAN2 perspective, MAC CE is not a viable solution to support BWP switch.
Proposal 3: Clarification is needed on whether SR configuration (s) need to be configured on each configured BWP and whether the UE can switch to an inactive BWP to send SR. 

Proposal 4: During random access from idle to connected, BWP switch is not applied.
Proposal 5: BWP switch can be performed during random access in connected state.
Proposal 6: DRX and BWP switch should be specified as two separate mechanisms.
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