[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #99			          			R2-1708001
Berlin, Germany, 21st – 25th August 2017

					   
Agenda Item:	10.4.1.4.7	
Source:	MediaTek Inc.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title:	RRM Measurement for Bandwidth Part Operation
Document for:     Discussion and decision
1 Introduction
The concept of bandwidth part (BWP) was introduced in RAN1#88bis meeting. After several RAN1 meetings one LS from RAN1 [1] was sent to RAN2 with a series of agreements. The focus of this contribution is to identify and discuss issues related to RRM measurement that need to be addressed by RAN2 because of the new aspects introduced by BWP operation.
2 Discussion
2.1 Background 
NR will support very wide carrier bandwidths. RAN1 concluded from NR SI that maximum channel bandwidth per NR carrier in Rel-15 is 400 MHz. Two main purposes are considered for supporting BWP operation in NR. 
1. Support UEs with less receiver bandwidth capability than the whole system bandwidth.
2. Optimize UE power consumption
In LTE, all UEs support the full carrier bandwidth, while in NR, not all UE support the full carrier bandwidth depending on the UE capability. So the first purpose of BWP operation is to serve such UEs. Since UE can only receive part of an overall carrier bandwidth, the network must ensure BWP configuration is not beyond UE receiver bandwidth capability the corresponding DL/UL transmission is confined to the BWP. Just as agreed in RAN1#88 meeting, resource allocation for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process, i.e. indication of a BWP in 1st step and indication of the PRBs within the BWP in 2nd step.  
The power consumption increase as the RF bandwidth becomes wider. The high RF power consumption is concerned even UE performs low data rate transmission due to the wider band reception at RF. It is desirable for UE power consumption that the operating bandwidth can be adjusted according to UE experienced data rate. For example, UE is configured with smaller BWP at low data rate and wider BWP at high data rate. The BWP configured for those UE may be smaller than the UE receiver bandwidth capability. 
Observation 1: Bandwidth Part (BWP) operation is designed mainly for two purposes:
· Support UEs with less receiver bandwidth capability than the whole system bandwidth
· Optimize UE power consumption
2.2 BWP Operation
In this section, we share our understanding on how BWP operation performs based on RAN1’s agreement.
In RAN1#88bis meeting, the working assumption for BWP operation was agreed. One or multiple BWP configurations for each component carrier can be semi-statically signalled to a UE. A BWP consists of a group of contiguous PRBs. Configuration of a bandwidth part may include the properties numerology, frequency location and bandwidth. 
Observation 2: BWP operation is for CONNECTED mode UE. One or multiple UE-specific BWPs can be configured by RRC. The parameters for numerology, frequency location and bandwidth are configured for each BWP. 
In RAN1#89 meeting, it was agreed that UE expects at least one DL BWP and UL BWP being active among the set of configured BWPs. In RAN1 NR AH#2 meeting, it was agreed that Activation/deactivation of DL and UL bandwidth parts can be by means of dedicated RRC signaling, DCI or MAC CE. A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s).  In case of one active DL BWP for a given time instant, PDCCH and PDSCH can be transmitted in the same or different BWPs, depending on number of symbols between the end of PDCCH transmission and the starting of PDSCH transmission. 
Observation 3: One or multiple BWPs can be activated among a set of configured BWPs by network and UE only performs transmission/reception within the active BWPs. 
Observation 4: PDCCH and PDSCH can be transmitted in the same or different BWPs depending on number of symbols between the end of PDCCH transmission and the starting of PDSCH transmission. 
In RAN1 NR AH#2 meeting, it was agreed that the primary focus is to complete the single active bandwidth part case, and multiple active BWPs is considered if time is available later after completing the single active BWP case. In multiple active BWPs case, it’s possible that multiple active BWPs may overlap in frequency domain and cross-BWP scheduling is supported. 
Observation 5:  Single active BWP case is prioritized over multiple active BWPs case. 



Figure 1 Example of BWP Management
Based on above observations, RAN2 should consider the corresponding signalings and procedures to support BWP Management, i.e. each BWP can be addition/modification/removal through RRC configuration, and can be activated/deactivated. One example of the basic BWP operation is illustrated in Figure 1. First, BWP1, 2 and 3 are configured. Different BWP is activated with BWP 1, 2, and 3 by the network. Then BWPs is reconfigured to BWP 1, 4 and 5. BWP activation/deactivation among the configured BWP 1, 4, 5. 
Proposal 1: RAN2 should support BWP Management including BWPs (re)configuration and BWP activation/deactivation. 
The basic operation of BWP is very similar as carrier aggregation. In CA, the network manages the SCell through RRC configuration, i.e. SCell addition/modification/removal. Besides that, a separate mechanism for SCell activation/deactivation is also supported, with the intention of fast switching of the SCell status. The SCell which can be activated and deactivated should be within the set of SCells configured to the UE. Therefore, the gain of both dynamic scheduling and UE power consumption can be obtained. Furthermore, the configuration of BWP is more flexible than CA, since different BWPs can overlap with each other. However, the overlapped BWPs can be in active simultaneously. 
Observation 6: Similar as CA that each SCell can be activated/deactivated within a configured set of SCells, BWP operation requires (re)configuration and activation/deactivation. 
Drawing on the experience of standardization for CA, CC similar terms can be considered to facilitate the discussion. In CA, Scells are the cells configured to provide additional radio resources once an RRC connection is established and both Pcell and all SCells are considered as serving cell. So all the configured BWPs are considered as the serving BWPs. The serving BWPs activated by the network are considered as the active BWPs. 
In NB IOT, the concept of anchor carrier is introduced, where UE assumes that NPSS/NSSS/NPBCH/SIB-NB are transmitted. The similar concept can be used in BWP operation. The anchor BWP is the BWP where NR-SS, PBCH and MSI are transmitted. UE can perform initial access on the anchor BWP, based on which other BWPs can be configured after UE transition from IDLE to CONNECTED. 
Proposal 2: Adopt the terms of serving BWP, active BWP and anchor BWP for BWP operation.
· Serving BWPs: all the BWPs configured by gNB when UE in CONNECTED;
· Active BWP: the serving BWP activated by gNB for transmission/reception;
· Anchor BWP: the BWP where at least NR-SS/PBCH/MSI is transmitted.
2.3 RRM measurement for BWP Management
In BWP operation, each carrier frequency is partitioned into different BWPs, which may or may not overlap with each other. In order to support BWP management, BWP-specific RRM measurement is required. UE performs RRM measurement on each particular BWP based on the measurement configuration. Taking Figure 1 for example, UE need to performs RRM measurement on BWP1~BWP5. Based on the measurement reports for BWP1~BWP5, the serving BWPs are reconfigured from BWP1, 2, 3 to BWP 1, 4, 5.
Proposal 3: UE performs BWP-specific RRM measurement to support BWP Management. 


Figure 2 RRM measurement on both serving and non-serving BWPs
Based on current RRM measurement framework, one measurement object is per carrier frequency. For BWP operation, if RRM measurement is performed on different BWPs of a carrier frequency, how to provide the measurement configuration need to be considered. One possible way is that each BWP is configured as one MO. So the association between each BWP and the measurement report configuration is very straightforward by the linkage of one measurement ID. However, the problem is that large number of measurement object is expected. In another way, different BWPs are considered as different parts of a measurement object.  Furthermore, each BWP is identified by a logical ID, which can be used for both BWP management and measurement configuration.  The concept of BWP ID is similar as CSI-RS based RRM measurement in multiple beam operation, that each CSI-RS is identified by an ID. The association between parts of the MO, i.e. a BWP to a report configuration can be considered further. The ID can also identify the BWP for which the measurement report is intended to. Based on the measurement report for different BWPs, gNB can determine whether to add/remove a BWP. 
Proposal 4: A list of BWP specific configurations for RRM measurement is configured as part of a measurement object. 
Proposal 5: Each BWP is identified by an ID for BWP management and measurement configuration. 
Proposal 6: BWP-specific measurement result is provided in the measurement report. 
Furthermore, measurement report triggering events are required to trigger BWP-specific measurement report. Current cell-based measurement report triggering events A1~A5 can be used and generalized for BWP-specific measurement report. In order to support BWP addition, A4 event (Neighbour becomes better than threshold) can be used to add BWPs based on absolute quality of the BWP, A3 event can also be used to add BWPs which have a quantity comparable to the serving BWP. For BWP removal, A2 event (Serving becomes worse than threshold) can be used to remove BWPs based on absolute quality of the BWP, e.g. exclude all BWPs without a sufficient quantity. A3 event (Neighbour becomes offset better than serving can be used to replace a BWP with another when a non-serving BWP is better than the serving BWP.
Proposal 7: A1~A5 are generalized to trigger BWP-specific measurement report for BWP addition/modification/removal.
2.4 RRM measurement for Inter-cell Mobility
From UE point of view, multiple BWPs can be configured for RRM measurement, corresponding to multiple NR-SS or CSI-RS in different frequency domain on one carrier frequency. One question is which BWPs are used to represent the cell quality in BWP operation to support inter-cell mobility.
One possible way is the measurement results of multiple BWPs are consolidated, which is similar as multiple beam operation with certain method to derive the cell quality. However, such process is very complicated and the benefit is marginal. 
Another way is that the anchor BWP is used by network for inter-cell mobility. Based on observation 5 that single active BWP case is prioritized over multiple active BWPs case, RRM measurement on the anchor BWP for inter-cell mobility is considered as a baseline. After HO, other BWPs of the target cell can be configured then. HO together with BWPs addition in the target cell can be considered as a further optimization in later release.
For the same carrier frequency, it’s desirable that the same BWP is used for both serving cell and neighbouring cell without MG and RF retuning at UE side. 
Proposal 8: RRM measurement on the anchor BWP of different cell is considered as the baseline for inter-cell mobility. 


3 Conclusions
In this contribution, we discuss beam management and beam recovery procedure based on the latest LS from RAN1. Based on the observations:
Observation 1: BWP operation is designed mainly for two purposes:
· Support UEs with less receiver bandwidth capability than the whole system bandwidth.
· Optimize UE power consumption
Observation 2: BWP operation is for CONNECTED mode UE. One or multiple UE-specific BWPs can be configured by RRC. The parameters for numerology, frequency location and bandwidth are configured for each BWP. 
Observation 3: One or multiple BWPs can be activated among a set of configured BWPs by network and UE only performs transmission/reception within the active BWPs. 
Observation 4: PDCCH and PDSCH can be transmitted in the same or different BWPs depending on number of symbols between the end of PDCCH transmission and the starting of PDSCH transmission. 
Observation 5:  Single active BWP case is prioritized over multiple active BWPs case. 
Observation 6: The basic operation of BWP is similar as CA that each SCell/BWP can be activated/deactivated within a configured set of Scells/BWPs. 
We propose:
Proposal 1: RAN2 should support BWP Management including BWPs (re)configuration and BWP activation/deactivation. 
Proposal 2: Adopt the terms of serving BWP, active BWP and anchor BWP for BWP operation.
· Serving BWPs: all the BWPs configured by gNB when UE in CONNECTED;
· Active BWP: the serving BWP activated by gNB for transmission/reception;
· Anchor BWP: the BWP where at least NR-SS/PBCH/MSI is transmitted.
Proposal 3: UE performs BWP-specific RRM measurement to support BWP Management. 
Proposal 4: A list of BWP specific configurations for RRM measurement is configured as part of a measurement object. 
Proposal 5: Each BWP is identified by an ID for BWP management and measurement configuration. 
Proposal 6: BWP-specific measurement result is provided in the measurement report. 
Proposal 7: A1~A5 are generalized to trigger BWP-specific measurement report for BWP addition/modification/removal.
Proposal 8: RRM measurement on the anchor BWP of different cell is considered as the baseline for inter-cell mobility. 
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