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[bookmark: _Ref483927698]Introduction
RAN1 introduced the concept of Bandwidth Parts (BWPs) in NR in support of various use cases including splitting large system bandwidths into smaller chunks to save UE power and supporting multiple numerologies in FDM in the same carrier. The RAN1 agreements on this topic are listed in the Annex of this document.
In this contribution, we address the modeling aspects of Bandwidth Parts (BWPs) in MAC, especially related to the HARQ entity. In LTE, carrier aggregation is supported with one HARQ entity per component carrier i.e. Serving Cell. From the above agreements, a UE may be configured with one or multiple BWPs (at most one being active at a time) per component carrier. In this contribution, we take the assumption that the legacy LTE model applies that the granularity of a Serving Cell is a component carrier, so that we may have multiple BWPs per Serving Cell. In which case the question is whether we still keep one single HARQ entity per Serving Cell and multiple BWPs share the same HARQ entity or we extend the legacy model to one HARQ entity per BWP. We address this question in this contribution.
Discussion
So far, RAN1 has addressed the support of multiple numerologies by an NR UE via numerologies being FDM’ed across CCs and/or across Bandwidth Parts (BWPs) within one CC. 
Option 1: One HARQ entity per CC
The L2 structures for DL and UL in option 1 are shown in Figure 1.



[bookmark: _Ref493684418]Figure 1: Layer 2 Structure for DL (left) and UL (right) with configured BWPs (option 1)
Figure 2 illustrates the case of one-to-many mapping between HARQ entity and BWP, where two BWPs implement different numerologies with different slot durations. As can be observed, keeping the legacy single HARQ entity per cell, one HARQ entity could be triggered by different PDCCH occasions at different times for different TBs received potentially at the same time for different HARQ processes. This obviously introduces extra complexity in both implementing and capturing such a model in the specification. One could argue that this scenario reflects two active BWPs in a cell which goes beyond Rel-15. However we think the MAC architecture should be future proof and able to cope with evolutions in future releases, likely relaxing the current limitation to multiple active BWPs per cell. 
One benefit of one-to-many mapping is that it would allow re-transmissions to take place across BWPs. However that does not seem to be the approach preferred in RAN1, from the below working assumption taken in RAN1 NR AH#2:
Working assumption: Re-transmission of a TB cannot take place on different numerology than the initial transmission in Rel. 15.


[bookmark: _Ref493666227][bookmark: _Ref493492592]Figure 2: One to many HARQ entity <-> BWP mapping
Option 2: one HARQ entity per BWP
The L2 structures for DL and UL in option 2 are shown in Figure 2.



[bookmark: _Ref494316527]Figure 3: Layer 2 Structure for DL (left) and UL (right) with configured BWPs (option 2)
Figure 4 illustrates the case of one-to-one mapping between HARQ entity and BWP, which separates the transmissions across different numerologies in a clean way and is more aligned with the legacy CA model.
Another key benefit of the one-to-one mapping is that each HARQ entity is paced with its own slot system, thus it can be modeled with its own time unit (i.e. slot) for e.g. RTT timer. This prevents from defining a common time unit across numerologies, at least for this purpose. 


[bookmark: _Ref493666429][bookmark: _Ref493493303]Figure 4: One to one HARQ entity <-> BWP mapping
Based on the above considerations, we propose:
Proposal: NR MAC supports one HARQ entity per BWP 
Conclusion
In this contribution, we address the model of BWP in MAC and conclude with the following proposal:
Proposal: NR MAC supports one HARQ entity per BWP 
TPs
The TP for the stage 2 TS consists in adding a new Section “6.9 Bandwidth Parts” which would essentially capture the Layer 2 structure in Figure 3. In [1], we propose a TP for the MAC specification that also includes changes capturing the L2 architecture including BWPs proposed in this document.
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Annex: RAN1 agreements on BWPs
Agreements (RAN1#88bis): 
· For single-carrier operation, 
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE 
· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD 
· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation
Working assumption (RAN1#88bis):
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE 
· A bandwidth part consists of a group of contiguous PRBs 
· Reserved resources can be configured within the bandwidth part 
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE 
· The bandwidth of a bandwidth part is at least as large asthe SS block bandwidth 
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties 
· Numerology 
· Frequency location (e.g. center frequency) 
· Bandwidth (e.g. number of PRBs) 
· Note that it is for RRC connected mode UE 
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time 
· FFS neighbour cell RRM 

Agreements (RAN1#89): 
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

Agreements (RAN1 NR AH#2): 
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier
· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time
· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space
· Primary focus is to complete the single active bandwidth part case 
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE 
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously 
· One TB is mapped per each active BWP. 
· FFS: The multiple active BWPs may overlap in frequency domain. 
· FFS: Cross-BWP scheduling is supported. 

Agreements (RAN1#90): 
· 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
· Working assumption: Re-transmission of a TB cannot take place on different numerology than the initial transmission in Rel. 15.
Agreements (RAN1 NR AH#3): 
· 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
· 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
· 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)
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design
· For NR CA:
· If CIF is present in DCI, the bitwidth is fixed at 3 bit
· Note: BWP index (if available) is always a separate information field
· FFS detailed conditions for CIF presence
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