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Discussion
This paper provides some further discussions on the concept of bandwidth parts. 
Although bandwidth parts have been discussed for several meetings, there is still no exact definition of a bandwidth part, including the relation of bandwidth parts to requirements on out-of-band-emission, ACS, blocking etc.
We believe that the following is a suitable general characterization of a bandwidth part: 
A bandwidth part consists of a set of consecutive resource blocks within a carrier. The network can only assume that a UE can receive/transmit resource blocks that are within the currently active downlink/uplink bandwidth part (or bandwidth parts if the can have multiple simultaneously active bandwidths parts in each transmission direction, something which is currently not agreed on). 
Proposal 1 (characterization of bandwidth part): A bandwidth part consists of a set of consecutive resource blocks within a carrier. The network can only assume that a UE can receive/transmit resource blocks that are within the currently active downlink/uplink bandwidth part 
Note that this characterization of bandwidth part does not say anything about UE behaviour, in terms of reception/transmission, outside of the active bandwidth part. Rather, outside of an active bandwidth part the UE behaviour should be the same as on any resource blocks within a carrier on which the UE is not scheduled to transmit (UL) or on which it is not assumed to receive (DL). Thus UE requirements on out-of-band emission, ACS, blocking, etc. should still be defined with respect to the overall carrier and not to any active bandwidth part. 
Proposal 2: UE requirements on out-of-band emission, ACS, blocking, etc. are defined with respect to the overall carrier and not to any active bandwidth part. Outside of an active bandwidth part (but within the carrier), the UE behaviour should be the same as on any resource blocks within a carrier on which the UE is not scheduled to transmit (UL) or on which it is not assumed to receive (DL).
Below we discuss the different stages of a UE access to the system and how the concept of bandwidth part fits into these stages.
1.1. Initial SSB search
A UE doing initial SSB search has no knowledge of the bandwidth of the carrier on which a potential SSB is located. Thus, a UE doing initial SSB search must assume a carrier bandwidth equal to the SSB bandwidth.[footnoteRef:2] There is no real reason to explicitly talk about a “bandwidth part” at this stage of the UE access as that bandwidth part would always coincide with the assumed carrier (same bandwidth and location).  [2:  This is the same as for LTE where a UE doing initial cell search with no knowledge of the carrier bandwidth must carry out the search under the assumption that the carrier bandwidth is not larger than the minimum possible network carrier bandwidth (1.25 MHz in the general case).] 

1.2. Acquiring RMSI
It is not yet agreed what are the constraints on the frequency location of the RMSI. One possibility would be to constrain the RMSI to the frequency range of the SSB. However, that would prevent frequency multiplexing of the RMSI (both the PDCCH and the PDSCH) with the SSB. Having the possibility for such frequency multiplexing may be desirable, especially at higher frequencies where SSB and RMSI may have to be transmitted within a large number of beams in a time-domain fashion (“beam-sweeping”). Thus we propose that it should be possible to transmit RMSI outside of the frequency range of the SSB
Proposal 3: It should be possible to transmit RMSI outside of the frequency range of the SSB
Assuming that the minimum possible carrier bandwidth corresponds to the bandwidth of the SSB, FDM between SSB and RMSI may obviously not always be possible. This means that the overall frequency range over which SSB + RMSI is transmitted may vary. For the UE to use appropriate receiver filtering, information about this frequency range thus has to be signalled on the PBCH/MIB with a limited number of bits.  Note that, at this stage, the UE would still not know the carrier bandwidth (assumed to be signalled within the RSMI). Similarly to above, there is thus no real reason to talk about a “bandwidth part” at this stage.
1.3. Random access
Once a UE has acquired the RMSI it can initiate the random-access procedure consisting of 
· transmission of random-access preamble (PRACH) using a selected random-access resource,
· reception of random-access response, and 
· collision resolution, i.e. transmission of Msg 3 and reception of the corresponding network response
When the random-access procedure is initiated the UE can be assumed to have acquired knowledge of the carrier bandwidth from the RMSI. On the other hand, the network does not yet know the UE bandwidth capability. Thus, the network transmissions that are part of of the random-access procedure, i.e. PDCCH/PDSCH transmissions related to the random-access response and the message-3 response, must be confined to a frequency range not larger than the UE minimum bandwidth capability. This can be referred to as the random-access (downlink) bandwidth part, the location and bandwidth of which should be signalled as part of the RMSI and thus being shared between all UEs accessing the cell.[footnoteRef:3] [3:  At least in principle, different random-access resources could be associated with different random-access bandwidth parts. However, a certain random-access bandwidth part would still be shared by all UEs.] 

1.4. Configuring a dedicated bandwidth part 
Once the random-access procedure has been successfully concluded, and assuming the random-access request was not rejected by the network, the UE has entered connected state. At this stage, the network should learn the UE bandwidth capability. The network may then configure the UE with a dedicated bandwidth part taking the UE bandwidth capability into account. Note that, at least in principle, the network could assign the UE with a dedicated bandwidth part even before it knows the UE bandwidth capability. That bandwidth part must then not be larger than the minimum UE bandwidth capability.
1.5. Idle state operation
From idle state a UE may transit to Idle/inactive state at which a UE can be paged by the network and/or re-connect by means of a new random access. 
Paging transmissions to a UE must obviously be confined to a frequency range not larger than the UE bandwidth capability. This can be referred to as the paging bandwidth part. In the genera case, a UE could be configured with a paging bandwidth part. This can either be done by means of dedicated signalling or broadcast signalling (the RMSI). In the latter case, the paging bandwidth part would be the same for all UEs and cannot larger than the minimum UE bandwidth capability. 
1.6. Bandwidth adaptation
Bandwidth adaptation aims at reduced UE receiver energy consumption by means of two different downlink bandwidth parts
· A more narrowband bandwidth (BWP-N) active during PDCCH monitoring
· A more wideband bandwidth part (BWP-W) being activated when the UE is scheduled. 
In this case, the BWP-W should be activated (and BWP-N consequently de-activated) when a UE receives a downlink scheduling grant. Note though that, as PDSCH transmission may begin before the PDCCH have been decode, the PDSCH transmission corresponding to the scheduling assignment triggering the activation of BWP-W has to be confined to BWP-N. 
Proposal 4: In case of bandwidth adaptation, activation of the wider bandwidth part should be triggered by the reception of a downlink scheduling grant
Once BWP-W has been activated it could remain activated until the UE has not been scheduled for a certain time after which BWP-W would be de-activated and BWP-N would be re-activated (timer-based bandwidth activation). 
Proposal 5: In case of bandwidth adaptation, activation of the more narrow bandwidth part should be timer based and be triggered when no downlink scheduling grant has been received for a certain time. 
In case the UE fails to detect a downlink scheduling assignment, there may be a mismatch between the UE and the network in terms of what bandwidth part is assumed to be activated. 
· If, when BWP-N is active, the UE is scheduled but fails to detect the scheduling assignment, the UE will not activate the BWP-W although the network will assume it has. 
· If, when BWP-W is active, the UE is scheduled but fails to detect the scheduling assignment, the UE may prematurely active BWP-N while the network assumes that the wider bandwidth part (BWP-N) is still active. Note that this will only happen if the UE is not further scheduled before the timer has triggered a re-activation of BWP-N.
However these error cases can be limited if the CORESET within which scheduling assignments are provided is the same regardless of which bandwidth part is active.
· If, when BWP-N is active, the UE is scheduled but fails to detect the scheduling assignment, the UE will not activate BWP-W. However, if the CORESET is the same regardless of the bandwidth part, the UE will be still be able to receive sub-sequent scheduling assignments and will activate BWP-W as a reaction to those
· If, when BWP-W is active, the UE is scheduled but fails to detect the scheduling assignment, the UE may prematurely active BWP-N.  However, if the CORESET is the same regardless of the bandwidth part, the UE will be still be able to receive sub-sequent scheduling assignments and will re-activate BWP-W as a reaction to those
Note that the use of the same CORESET regardless of the bandwidth part does not necessarily have to be specified but can be left to network configuration. 
Proposals
Proposal 1 (characterization of bandwidth part): A bandwidth part consists of a set of consecutive resource blocks within a carrier. The network can only assume that a UE can receive/transmit resource blocks that are within the currently active downlink/uplink bandwidth part 
Proposal 2: UE requirements on out-of-band emission, ACS, blocking, etc. are defined with respect to the overall carrier and not to any active bandwidth part. Outside of an active bandwidth part (but within the carrier), the UE behaviour should be the same as on any resource blocks within a carrier on which the UE is not scheduled to transmit (UL) or on which it is not assumed to receive (DL).
Proposal 3: it should be possible to transmit RMSI outside of the frequency range of the SSB
Proposal 4: In case of bandwidth adaptation, activation of the wider bandwidth part should be triggered by the reception of a downlink scheduling grant
Proposal 5: In case of bandwidth adaptation, activation of the more narrow bandwidth part should be timer based and be triggered when no downlink scheduling grant has been received for a certain time. 
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