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1	Introduction
[bookmark: _Ref473903385][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In 36.331 primary cell is defined as follows:
Primary Cell: The cell, operating on the primary frequency, in which the UE either performs the initial connection establishment procedure or initiates the connection re-establishment procedure, or the cell indicated as the primary cell in the handover procedure.
In NR concept of BWP (bandwidth part) has been defined. A BWP for different UEs can be very different even for the same “cell” as seen from a network but UEs are not naturally aware what are other UEs BWP. As the specifications are written from UE point of view we establish here terminology possibly to be agreed in RAN2 or just to be used to understand the discussion in this paper:
Total System Bandwidth (TSB): Bandwidth of the transmission entity in the gNB
Bandwidth part (BW): Bandwidth part configured to UE (part or full TSB)
SSB: Block containing PSS, SSS and PBCH
Now based on this terminology we discuss in this paper what is cell, PCell and how they are related to BWP. 
2 	IDLE UE and BWP
In the cell selection procedures UE will search for PSS/SSS on any supported UE frequency. So, for IDLE UE any SSB broadcast by TSB will be seen as separate campable entity from UE point of view:
Observation: From IDLE/INACTIVE UE point of view PSS/SSS sent on different frequency are seen as different campable entities.
In LTE UE camps on a cell – In NR this seems to have been assumption as well as we have been talking about cell selection, cell reselection etc. This leads us to propose:
Proposal: From IDLE/INACTIVE UE point of view PSS/SSS sent on different frequency are seen as different campable cells (and then definitions of acceptable/suitable cells etc. can be kept from LTE)
3 	IDLE UE moving to CONNECTED
Let us now start considering UE being camped on a cell i.e. UE has acquired SSB (and possibly corresponding system information) and UE wants to move to CONNECTED state in order to e.g. transmit data. In LTE UE behaves like this:
1. UE is camped on a cell and performing reselection evaluation (and has acquired SI from the cell)
2. UE sends RACH preamble
3. UE receives RAR
4. UE sends RRCConnectionRequest
5. UE receives RRCConnectionSetup. In LTE UE enters RRC_CONNECTED at this point and stops cell reselection procedure and consider this cell to be the PCell.
6. UE sends RRCConnectionSetupComplete 
In NR analogous procedure seems feasible but the one needs to think what is BWP of the UE at step 5 until NW reconfigures the BWP. It seems to be logical that one needs to define default BWP – how this is derived is RAN1 discussion and not relevant in this paper. The relevant part is that UE moving from IDLE to CONNECTED initially applies default BWP until reconfigured (maybe already at msg4 but more likely later).
Observation: UE moving from IDLE camped cell to CONNECTED applies default BWP (up to RAN1 to define default BWP) until reconfigured
After UE has moved to CONNECTED state it shall be possible for NW to reconfigure and switch UE to different BWP in order e.g. to benefit from full UE capabilities, load balancing, optimize UE power consumption etc. 
Observation: Once in RRC_CONNECTED NW can reconfigure UE with different BWP
In LS from RAN1 (R1-1716907) it is said that:
· From UE perspective, a cell is associated with a single SS block
· Note: The cell defining SS block has an associated RMSI
· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier

So from UE point of view cells is always associated with a SS-block and corresponding RMSI (RMSI is not naturally necessary in NSA cell). So this seems to imply that each cell can be identified by associated SS-block (including SSS/PSS)
Observation: Each serving cell is associated to SS-block containing physical cell identity (SSS/PSS).
So each serving cell one needs to configure what is corresponding SS-block – we assume it means the carrier frequency and PCI (SSS/PSS) should be configured for each serving cell.
Proposal: For each serving cell NW needs to configure frequency and PCI, which corresponds to a SS-block
When moving from IDLE to CONNECTED UE always has SSB acquired with synchronization signals (together with frequency) giving cell unique identity (unique at least in the proximity of the cell). It seems to be natural that this cell which was used for camping when starting moving to CONNECTED would be considered as PCell.
Proposal: The cell where UE was camped when moving to connected state is considered to be the PCell (like in LTE)
So PCell will always have SSB broadcasted within the default BWP. But once UE is reconfigured to different BWP it may be the case that SSB is not part of BWP.
Observation: SSB may not be part of active BWP
In LTE the UE can always hear SS channels while operating in the cell but now in the NR it is possible that SSB is not receivable by the UE. Anyway in order to stay synchronized UE needs to have some reference symbols configured.
Observation: UE needs to be configured with reference symbols (e.g. CSI-RS) in order to stay synchronized in the BWP (it is up to RAN1 to ensure sufficient signals are designed)
And now considering that in case of moving from IDLE to CONNECTED the PCell has only one BWP, but in the RAN1 NR#3 following agreements were made: 
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:
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design

Agreements:
· 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

Working assumption:
· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET
· The offset(s) depends on CIF
· FFS details
· FFS the case of same DCI size (whether to have shared search space or not)

Agreements:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell
· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)

So even though a cell may be configured with multiple BWP only one is active at any given time. 
Observation: Each cell has at most one active DL BWP and at most one active UL BWP
Observation: Each cell may be configured with multiple BWPs
Although not explicitly stated it seems logical that there should always be at least one active UL BWP and one active DL BWP at any given time. It would probably ease RAN2 discussion if we could consider that PCell has both DL and UL BWP active all the time. If there would not be active UL and DL it seems quite difficult to have working connection with the system. 
Proposal: PCell has always active UL and DL BWP
Based on this possible CA can be achieved by configuring multiple cells of either same or different TSBs. 
Observation: CA can be achieved with configuring multiple cells from same or different TSBs
And it seems also that RAN1 has assumed that aggregated cells (SCells) may not have both UL and DL BWP configured. This seems to be logical assumption and similar as in LTE. 
Proposal: SCells must have one active UL and/or DL BWP
So based on above proposals when each cell is configured with just one BWP it would be analogous to LTE operation of PCells and SCells. 
Observation: In case serving cells have only one configured BWP it would be analogous to LTE CA operation
As pointed above in RAN1 agreements it seems that each BWP configuration is associated with BWP index that is then used in scheduling DCI commands, activating different BWPs of the cell and cross BWP scheduling. 
Proposal: Each BWP is configured with unique BWP index per cell.
Additionally, there is possibility to cross-carrier schedule cells similarly to LTE in case CIF is present in the scheduling DCI. This seems to imply that each serving cell has serving cell index like in LTE. Additionally it is also possible to activate different BWPs with cross carrier scheduling DCI. In order to enable cross carrier scheduling it seems necessary to have each serving cell configured with serving cell index (like in LTE):
Proposal: Each serving cell is configured with serving cell index
[image: ]For switching between default BWP and another BWP of a cell, it was agreed in RAN1 #90 that a timer is supported to switch from active BWP to the default one:
· 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

And in RAN1 NR AH#3 that DCI can be used to switching one active BWP to another:
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)
With these agreements, we believe no other time pattern needed to switch between different BWP. The UE is switched to default after no activity on the active BWP for certain time, and is switched from default to other BWP is done explicitly via DCI since it is anyway used to schedule the UE. The event for switching back to default BWP could be expiry of inactivity timer, but there could be other activities e.g. retransmission timer running which requires the UE to keep on the active BWP, it seems simpler to keep BWP switching orthogonal with DRX operation.
Proposal: BWP switching is kept orthogonal with DRX operation.
4 	Conclusions
In this paper we discussed general concept of bandwidthpart (BWP) and how it can be modelled in RAN2 and came to following conclusion in order to maximize commonalities with LTE:
Considering IDLE:
Observation: From IDLE/INACTIVE UE point of view PSS/SSS sent on different frequency are seen as different campable entities.
Proposal: From IDLE/INACTIVE UE point of view PSS/SSS sent on different frequency are seen as different campable cells (and then definitions of acceptable/suitable cells etc. can be kept from LTE)
Considering CONNECTED:
CONNECTED initially applies default BWP until reconfigured (maybe already at msg4 but more likely later).
Observation: UE moving from IDLE camped cell to CONNECTED applies default BWP (up to RAN1 to define default BWP) until reconfigured
Observation: Once in RRC_CONNECTED NW can reconfigure UE with different BWP
Observation: Each serving cell is associated to SS-block containing physical cell identity (SSS/PSS).
Proposal: For each serving cell NW needs to configure frequency and PCI, which corresponds to a SS-block
Proposal: The cell where UE was camped when moving to connected state is considered to be the PCell (like in LTE)
Observation: SSB may not be part of active BWP
Observation: UE needs to be configured with reference symbols (e.g. CSI-RS) in order to stay synchronized in the BWP (it is up to RAN1 to ensure sufficient signals are designed)
Observation: Each cell has at most one active DL BWP and at most one active UL BWP
Observation: Each cell may be configured with multiple BWPs
Proposal: PCell has always active UL and DL BWP
Observation: CA can be achieved with configuring multiple cells from same or different TSBs
Proposal: SCells must have one active UL and/or DL BWP
Observation: In case serving cells have only one configured BWP it would analogous to LTE CA operation
Proposal: Each BWP is configured with unique BWP index per cell.
Proposal: Each serving cell is configured with serving cell index
Proposal: BWP switching is kept orthogonal with DRX operation.
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