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Discussion and Decision
1
Introduction
The concept of BWP is discussed and introduced in RAN1. To facilitate the discussion in RAN2, some of the important agreements from RAN1 NR#3 are listed for information:
Agreements-1: 
· 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

Agreements-2:
· 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

Agreement-3: 
· 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

Agreement-4:
· 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)

In this contribution, some initial thoughts on the impacts of BWP on RAN2 are given. Considering the limited time budget to finalize the EN-DC by December, the discussion is mainly focused on the impact on the CONNECTED UE.
2
Discussion
According to the agreement in RAN1, multiple SS blocks can be transmitted within the bandwidth of a wideband carrier. But unfortunately, RAN1 has not decided yet in case of multiple SSBs within a wideband carrier, whether all the SSBs are based on PSS/SSS corresponding to the same PCI or different SSBs may be based on PSS/SSS corresponding to different PCIs. However, RAN1 made some progress at NR#3 (Agreements-1) that from UE perspective, a cell is associated with a single SS block. 
From RAN2 perspective, it is important to understand whether different SSBs within a given bandwidth have the same PCI or not as this impacts the modelling of cell in the IDLE/RRC_INACTIVE state. However, for the EN-DC mode of operation which needs to be finished by Dec, NR plays the role of a secondary node only in RRC_CONNECTED mode. Considering the limited time budget for the finalization of EN-DC, only the impacts of the BWP on the CONNECTED UE should be considered in R15 (note that this includes the measurements in connected mode for adding/removing/changing the SCG cells with bandwidth parts). The impact of the wideband carrier with multiple SSBs on the IDLE mode or RRC_INACTIVE mode UE should be left for the further release, (e.g. R16 or after Dec 2017).
Proposal 1: In R15, only the impacts of the BWP on the CONNECTED UE should be considered. Impacts to IDLE mode/INACTIVE mode UEs are left for further releases (e.g. R16 or after Dec 2017).
RAN2 has made a lot of concrete agreements without considering the introduction of BWPs up to now, including the RRC Connection management, the RRM measurement framework, all the basic functions of the user plane etc. And a set of specifications have been developed accordingly. To finalize EN-DC as expected this December, when incorporating BWPs into the current framework, the impact should be kept as little as possible. In other words, the basic principle should be that the incorporation of the BWP should not invalidate the achievements we have made up to now. 
Proposal 2: The incorporation of the BWP should minimise the impact on agreements we have made up to now.
Given the basic principle provided above, initial thoughts on how to incorporate the BWP into the current RAN2 framework are analyzed below.
One of the main motivations of the introduction of the BWP operation in RAN1 is to optimize the UE power consumption. In R15, the maximum channel bandwidth can be as high as 400MHz (wideband carrier). If a wideband capable UE keeps working on a wideband carrier, the power consumption is considerable. So it is highly desirable that the RF bandwidth of the UE can be adjusted according to the actual required throughput in UE. For instance, if the UE is transmitting at a low data rate, then a smaller bandwidth should be configured to the UE. Instead, if the UE requires a high data rate, a wider bandwidth should be configured to the UE. 
With the operation of BWP, the above target can be achieved. For instance:

· For a wideband capable UE operating at low data rate or a narrow band UE, only a single BWP with smaller bandwidth can be configured to the UE (Figure 1);
· For a wideband capable UE initially operating on a single BWP with smaller bandwidth, with the increase of data rate, the bandwidth of the BWP can be reconfigured (e.g. enlarged) (Figure 2); 

· For a wideband capable UE operating at high data rate or for a CA capable UE, multiple BWPs can be configured for the UE (Figure 3);
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Figure 2
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Figure 3
It should be noted that RAN1 has agreed that 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 (Agreement-3). Given the above, we propose:
Proposal 3: RRC signalling should support to configure multiple BWPs (both for DL BWP and UL BWP) for a serving cell and to reconfigure the bandwidth of the BWP within a serving cell.

From UE perspective, a cell is associated with a single SS block. But for a wideband carrier, multiple SS blocks can be transmitted. The RSRP results of the multiple SS blocks within the wideband carrier may be quite similar. However, due to the difference in the traffic load or throughput of the different SS blocks, the RSRQ and SINR results of the different SS blocks could deviate from each other. So, considering the different signal quality or for the purpose of load balancing, the network may want to change the SS block associated to the serving cell of the UE from one SS block to another. We have agreed that RRC managed handovers with and without PDCP entity re-establishment are both supported in NR. To finish EN-DC by the end of the year, it would be better not to optimise any other procedures other than handover for the changing of the associated SS block of a cell. In other words, if the NW wants to change the associated SS block of a cell, the agreed L3 mobility (e.g. handover or Pcell change) should be used. The PDCP entity in this case need not be re-established.
Proposal 4: If the NW wants to change the associated SS block of a cell, the agreed L3 mobility (e.g. handover or Pcell change) without PDCP re-establishment should be used.
As in LTE, in NR, it is agreed that UE declares RLF upon detecting radio link failure, random access failure. One or more BWPs (both for DL and UL) can be configured for a UE. With the multiple configured BWPs, how to perform radio link monitoring and random access depend on RAN1’s decision. However, once RLF is declared, for the sake of simplicity, all the configured BWPs should be released except for the BWP including the SS Block associated with the PCell/PSCell. Then the UE proceeds with the RRC re-establishment/SCG failure procedure as normal.
Proposal 5: Once RLF is detected, all the configured BWPs should be released except for the BWP including the SS Block associated with the PCell/PSCell. Then the UE proceeds with the RRC re-establishment/SCG failure procedures as normal.
According to the agreement in RAN1, the multiple BWPs configured for a UE can be activated/deactivated. And for a UE, there is at most one DL BWP and one UL BWP can be activated at a given time for a serving cell (Agreement-2). As analysed above, since the motivation to introduce the BWP operation is to optimize the UE power consumption and enable the coexistence of multiple numerology within one cell, we think the activation/deactivation of BWPs should be determined by low layers. In addition, since it has been agreed in RAN1 that the activation/deactivation can be triggered through DCI (Agreement-4), the network can activate/deactivate BWPs quite dynamically according to the data rate, the numerology required by services and scheduling algorithm etc. So, based on the views above, we think it will be difficult for RRC to trace the dynamic activated/deactivated BWP, thus RRC should not be required to know which BWP is activated at a certain time.
Proposal 6: RRC is not required to know which BWP is activated at a certain time.

As discussed above, for a wideband carrier, multiple SS blocks can be transmitted. The RSRP results of the multiple SS blocks within the wideband carrier may be quite similar. However, due to the differences in the traffic load or throughput of the different SS blocks, the RSRQ and SINR results of the different SS blocks would deviate from each other. So, from this point of view, even though from the UE perspective a cell is associated with a single SS block, the multiple SS blocks within the wideband carrier should be measured by the UE anyway. The question is how to perform measurement on the multiple SS blocks.
After more than half a year’s discussion, we now finally agreed the basic understandings of the RRM measurement in NR. The stage 2 RRM measurement framework has been captured in 38.300. The stage 3 text procedures and the ASN.1 structure are becoming clearer [1]

 REF _Ref494406723 \n \h 
[2]. So to avoid another round discussion of the RRM measurement procedures, the impact of the introduction of the wideband carrier with multiple BWPs on the RRM measurement should be kept as simple as possible. To achieve this, each SS block within the wideband carrier which needs to be measured by the UE should be configured as individual measurement object. And each individual measurement object should be evaluated and reported separately. Besides, per RAN1 agreement, from UE perspective a cell is associated with a single SS block. No matter how many BWPs within the wideband carrier are configured for the UE and no matter which BWP is activated, only the SS block that is associated with the cell is considered as the measurement reference of the serving cell. The mechanism we propose here can well align with the agreement in RAN4 NR#03 for the definition of intra-frequency and inter-frequency definition [3]:

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.
The “SS block that is associated with the cell” here is same as the “Center frequency of the SSB of the serving cell indicated for measurement” specified in RAN4’s agreement. Take the “SS block that is associated with the cell” as the measurement reference of the serving cell, the SSB based intra-frequency and inter-frequency measurement can be clearly defined.
Proposal 7: Each SS block within the wideband carrier which needs to be measured by the UE should be configured as individual measurement object.
Proposal 8: No matter how many BWPs within the wideband carrier are configured for the UE and no matter which BWP is activated, only the SS block that is associated with the cell is considered as the measurement reference of the serving cell.
3
Conclusion
In this contribution, initial thoughts on how to incorporate the BWP into the current RAN2 framework are analyzed with following proposals:
Proposal 1: In R15, only the impacts of the BWP on the CONNECTED UE should be considered. Impacts to IDLE mode/INACTIVE mode UEs are left for further releases (e.g. R16 or after Dec 2017).
Proposal 2: The incorporation of the BWP should minimise the impact on agreements we have made up to now.
Proposal 3: RRC signalling should support to configure multiple BWPs (both for DL BWP and UL BWP) for a serving cell and to reconfigure the bandwidth of the BWP within a serving cell.

Proposal 4: If the NW wants to change the associated SS block of a cell, the agreed L3 mobility (e.g. handover or Pcell change) without PDCP re-establishment should be used.
Proposal 5: Once RLF is detected, all the configured BWPs should be released except for the BWP including the SS Block associated with the PCell/PSCell. Then the UE proceeds with the RRC re-establishment/SCG failure procedures as normal.
Proposal 6: RRC is not required to know which BWP is activated at a certain time.

Proposal 7: Each SS block within the wideband carrier which needs to be measured by the UE should be configured as individual measurement object.
Proposal 8: No matter how many BWPs within the wideband carrier are configured for the UE and no matter which BWP is activated, only the SS block that is associated with the cell is considered as the measurement reference of the serving cell.
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