3GPP TSG RAN WG2 Meeting #100              


             
 R2-1712646
Reno, United State, 30th November – 3rd December 2017
(Revision of R2-1710592)
Agenda item:

10.2.3
Source:
Intel Corporation

Title:
Overall impact in RAN2 for BWP
Document for:

Discussion and Decision
1      Introduction
BWP is introduced for NR to enable the following usage:
1. Enabling reduced UE bandwidth capability within a wideband carrier
2. Enabling reduced UE power energy consumption by bandwidth adaptation
3. Enabling UE using different numerologies in FDM within a wideband carrier
During last RAN2 meeting, the following agreements were made on BWP:

Agreements for BWP operation in CONNECTED mode:

1:
BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.

2a:
RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 

2b
RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)

3
For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')

4
Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.

5
Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).

6
The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

=>
Can be discussed after Dec 17 or in a future release whether further optimisation is needed for change of SS block location in frequency (but with no change to PCI and no change in SFN) to be changed by RRC reconfiguration of physical layer parameters with no L2 involvement.

=>
We will wait for more information from RAN1 regarding CSI-RS and BWPs.

=>
We leave to RAN1 to concluded (From RAN2 point of view it does not matter how the IS/OOS indications are derived.)

=>
RRC timers and counters related to RLM are not reset when the active BWP is changed.
RAN1 has made some progress on BWP (please refer to the RAN1 agreement in Annex), in this contribution, we study the RAN2 impact on RAN1 BWP agreements in related to configuration, activation/ deactivation and RRM aspects.
2      Discussion

2.1     Configuration and operation of BWP
In general, there are multiple BWP can be configured per serving cell: one default BWP (can be initial BWP) and multiple BWPs that potentially is activated later. 
The network may activate at most one BWP per cell at a given time in Rel-15. In addition, RAN1 has agreed that UL and DL BWPs may be separately configured. In order to support BWP operations, the simplest approach is to support BWP set addition and release operation for both UL and DL. This means the network can add multiple BWP in the BWP set or remove multiple BWP in the BWP set. 

As for activation and deactivation, RAN1 has already agreed that it can be done by RRC, DCI and a timer based. It is FFS on MAC CE based activation/deactivation and RAN1 will have further discussion on if the timer should reuse DRX timer or introduce a new timer. 
We understand that RRC based activation can be used to activate BWP upon configuration of BWP to reduce delay to activate by DCI signaling after RRC configuration. However, this approach may cause mismatch issue between UE and gNB assuming there is RRC processing delay as defined in LTE. That is, the gNB may not know when exactly the UE applies a new configuration, and hence the active BWP can be different between UE and gNB during RRC processing duration. In addition, given that BWP can be activated based on DCI signaling, delay reduction gain using RRC activation upon configuration seems not so significant. Therefore, we propose not to support activation of BWP upon BWP configuration via RRC signaling. 

Proposal 1: activation of BWP upon BWP configuration via RRC signaling is not supported.

2.2     Measurement of SS block on BWP
Below is the LS from RAN4 [3]:

1. Overall Description:

In last LS [1] RAN4 sent the agreement of definitions of intra and inter frequency SS block (SSB) based measurement in single SSB scenario, where the same cell transmits only one SSB. In RAN4 NR#3, RAN4 further discussed the definitions for multiple SSBs scenario, where multiple SSBs are transmitted in frequency domain in the serving cell of the UE. In RAN4 understanding, to make the UE measurement behaviour clear, the UE should be indicated with one specific SSB in the UE’s serving cell which is used for measurement for mobility purpose in multiple SSBs scenario. Hence RAN4 would like to inform RAN2 with the updated definitions which can cover both single and multiple SSB scenarios.

2. Updated definitions of intra and inter-frequency SS block based measurements:

SS block (SSB) based RRM Measurements:

· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.
Based on RAN4 LS, it is our understanding that multiple SS block may be transmitted in different BWP but the network will only configure one SS block for RRM purpose. The UE may move between different BWP based on network activation/ deactivation via DCI or a timer switching between active BWP and default BWP. In order to decide the RRM aspect and impact due to the introduction of BWP, we need to further understand more detail of the network configuration of the BWP in relation of SS block configuration. For example, if BWP 1 contains the configured SS block measurement, in this case, the UE does not require measurement gap to perform measurement of the serving cell when BWP1 is activated but requires measurement gap if BWP2 is activated. Table 1 below shows an example of different measurement gap requirement based on which BWP the UE is located assuming all SCS is the same for simplicity. If SCS is different, measurement gap is needed. Cell 1 share the same centre frequency of the SS block with the serving cell, therefore no measurement gap is required. BWP 4 of the serving cell has a wider bandwidth but still share the same centre frequency of the SS block of BWP1. Therefore, no measurement gap is needed. For cell 2 and 3, they have different centre frequency of the SS block of the serving cell. Therefore, gap is required when the BWP 1 or 4 is activated. As you can see, different gap requirement for the same serving cell and neighbouring cells apply.  
	
	Serving cell BWP1
(SS block)
	Serving cell BWP2 
	Serving cell BWP3
	Serving cell BWP4
	Serving cell BWP5

	Cell 1
	No gap 
	Gap
	Gap
	No gap
	Gap

	Cell 2
	Gap
	Gap
	Gap
	Gap
	Gap

	Cell 3
	Gap
	No gap
	Gap
	Gap
	No gap

	Serving cell
	No gap
	Gap
	Gap
	No gap
	Gap


Table 1: Example of different measurement gap requirement when the UE is located in different BWP
Observation 1: The UE require measurement gap for serving cell if the active BWP doesn’t contain SS block that the network configured for RRM measurement or if the SCS of the measurement SSB is different from the SCS of the serving cell.
Observation 2: The UE doesn’t require measurement gap for serving cell if the active BWP contain SS block that the network configured for RRM measurement and the SCS of the SS block is the same as that of the SCS of the BWP.
Because of this dynamic change of BWP, the UE sometimes needs measurement gap and sometimes doesn’t. It can be seen that the UE is always configured measurement gap if there is more than one configured BWP or if the SCS of the BWP is different from the SCS of the SSB. 

Proposal 2: Measurement gap is always configured to the UE if there is at least one configured BWP that doesn’t contain the SS block location in frequency that is configured for RRM measurement or if the SCS of the target SSB is different from the SCS of the BWP. 
3      Conclusion 
Observation 1: The UE require measurement gap for serving cell if the active BWP doesn’t contain SS block that the network configured for RRM measurement or if the SCS of the measurement SSB is different from the SCS of the serving cell.

Observation 2: The UE doesn’t require measurement gap for serving cell if the active BWP contain SS block that the network configured for RRM measurement and the SCS of the SS block is the same as that of the SCS of the BWP.

Proposal 1: activation of BWP upon BWP configuration via RRC signaling is not supported.

Proposal 2: Measurement gap is always configured to the UE if there is at least one configured BWP that doesn’t contain the SS block location in frequency that is configured for RRM measurement or if the SCS of the target SSB is different from the SCS of the BWP. 

4      Annex

90bis Agreements:
Agreements:

· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE
· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching

· FFS whether or not to support a single DCI switching DL and UL BWP jointly

· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair

· Note: there is no additional restriction on DL BWP and UL BWP pairing

· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum

Agreements:

· For a UE, a configured DL (or UL) BWP may overlap in frequency domain with another configured DL (or UL) BWP in a serving cell
Conclusion:

· Discuss offline regarding the set of parameters that a UE is configured with for each DL BWP and for each UL BWP for a serving cell (including RRC configuration impact)
Agreements:

· For each serving cell, the maximal number of DL/UL BWP configurations is
· For paired spectrum: 4 DL BWPs and 4 UL BWPs

· For unpaired spectrum: 4 DL/UL BWP pairs

· For SUL: 4 UL BWPs

Agreements:

· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP

· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP

· FFS other cases

· A UE switches its active DL BWP to the default DL BWP when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)

· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair

· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair

· FFS other cases

· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)

· FFS the range and granularity of the timer

Agreements:

· For an Scell, RRC signaling for Scell configuration/reconfiguration indicates the first active DL BWP and/or the first active UL BWP when the Scell is activated
· NR supports Scell activation signaling that doesn’t contain any information related to the first active DL/UL BWP

· For an Scell, active DL BWP and/or UL BWP are deactivated when the Scell is deactivated

· Note: it’s RAN1 ‘s understanding that Scell can be deactivated by an Scell timer

Agreements:

· For an Scell, a UE can be configured with the following:
· a timer for timer-based active DL BWP (or DL/UL BWP pair) switching, along with a default DL BWP (or the default DL/UL BWP pair) which is used when the timer is expired

· The default DL BWP can be different from the first active DL BWP

· For Pcell, the default DL BWP (or DL/UL BWP pair) can be configured/reconfigured to a UE

· If no default DL BWP is configured, the default DL BWP is the initial active DL BWP

Agreements:

· In a serving cell where PUCCH is configured, each configured UL BWP includes PUCCH resources

Agreements:
· In Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP

· FFS whether or not there are any additional UE behavior that needs to be specified

· In a serving cell, for a UE, common search space for group-common PDCCH (e.g. SFI, pre-emption indication, etc.) can be configured in each BWP

Agreements:

· A DL (or UL) BWP is configured to a UE by resource allocation Type 1 with granularity as follows
· Granularity of starting frequency location: 1 PRB

· Granularity of bandwidth size: 1 PRB

· Note: The above granularity doesn’t imply that a UE shall adapt its RF channel bandwidth accordingly

Agreements:
· For a UE, DCI format size itself is not part of RRC configuration irrespective of BWP activation & deacviation in a serving cell

· Note: DCI format size may still depend on different operations and/or configurations (if any) of different information fields in the DCI

Agreements:

· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 

· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB

· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI

· For Scell, the reference location is the frequency location indicated in the SCell configuration

· For SUL, the reference location is the frequency location indicated in the SUL configuration 

· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.

· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.

· The range of offset values should be >276*4, with the detailed values FFS
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