[bookmark: OLE_LINK103][bookmark: OLE_LINK104]3GPP TSG-RAN WG4 Meeting AH-1801	R4-1800116
San Diego , US, 22 - 26 Jan, 2018

Agenda item:			4.6.5.2.2
Source:	MediaTek Inc. 
Title:	RAN1 progress on CSI-RS based measurement and its impact to RAN4 requirements 
Document for:		Discussion 
1. Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the last RAN1#91 meeting, lots of progresses were achieved. In this paper, we summarize the progress in RAN1 that will have impact to RAN4. We also try to point out some open issues that may potentially impact RAN4 RRM work. This paper focuses on the measurement based on CSI-RS.
2. Measurement based on CSI-RS
2.1. Configuration of CSI-RS for Mobility
In RAN1, there are some configuration parameters of CSI-RS for L3 mobility are specified: NR Cell ID, time offset and periodicity, measurement BW, common-PRB-Grid-offset, parameters for sequence generation, RE density, RE mapping , numerology, associated-SSB, and QCLed-SSB. The RE mapping pattern adopts the parameter values agreed in beam management. If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer.
Furthermore, RAN1 does not see the need to support 2-port CSI-RS resource for RRM measurement, so only single port CSI-RS resources are supported for mobility purpose, and the indication of number of ports is removed from the RRC parameter list.
Some open issues are discussed in this paper: 
· UE behavior and the maximum number of configured CSI-RS resources
· Slot offset details
· Cell-specific measurement BW of CSI-RS resources
· For intra-frequency measurement, relationship with active DL part

2.2. UE behavior and maximum number of configured CSI-RS resources
According to whether the associated SSB is signaled to UE for CSI-RS resources, the UE behavior and the maximum number of configured CSI-RS resources are different. The corresponding R1 agreement is attached.     
	RAN1-91 Agreement:
Agreements:
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected
Agree on the following table for the CSI-RS configuration parameters:
	Associated-SSB
	For each CSI-RS resource, at most one associated SSB can be configured
Note: If the associated-SSB is signaled, UE is not required to monitor CSI-RS resource(s) when the UE cannot detect the associated SSB
	{0, 1, …, L-1}

	Configured per resource
This field is optional per frequency layer

	QCLed-SSB
	The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
	{yes, no}

	Configured per resource
This field is conditionally indicated if associated-SSB is configured






UE behavior with and without associated SSB
When associated SSB is signalled to UE, UE is able to down-select CSI-RS resources to monitor according to the detected SSBs, because UE is not required to monitor CSI-RS resource(s) when the UE cannot detect the associated SSB, and the UE measurement cost can be reduced. Note that it is not possible for UE to detect cells via CSI-RS. On top of this, regardless whether associated SSB is signalled or not, it would prefer to down-select the CSI-RS resources by detected cell ID, in order to reduce UE measurement cost. 

[bookmark: _Ref503465478]Proposal 1: UE is not required to perform measurement on the CSI-RS resources if its cell ID is not detected. 
Without associated SSB, UE may assume that the carrier is synchronized with the serving cell. However, it is not clear whether it is also valid for inter-frequency measurement, because there is no serving cell on inter-frequency layers. Therefore, associated SSB must be signalled for CSI-RS resources for inter-frequency measurement. 
[bookmark: _Ref503465466]Observation 1: For inter-frequency measurement, where is no serving cell on other carriers, it is not clear whether UE can assume that the carrier is synchronized with the serving cell.
[bookmark: _Ref503465479]Proposal 2: For inter-frequency measurement, associated SSB must be configured for CSI-RS resources.

Maximum number of configured CSI-RS with and without associated SSB
Regarding the number of configured CSI-RS resources, RAN1 has agreed: 
· With associated SSB, total 96 CSI-RS resources and M CSI-RS resources per associated SSB can be configured per carrier
· Without associated SSB, N2 CSI-RS resources can be configured per frequency layer. 
The max. # of configuration has the impact on UE’s CSI-RS measurement capability, which may have some relation between SSB’s. The number of CSI-RS resources UE can monitor is up to UE capability, and it is expected to be far less than the maximum number of configured CSI-RS resources. 
[bookmark: _Ref503465471]Observation 2: UE capability no CSI-RS measurement should be discussed and should be far less than the maximum number of configured CSI-RS.
Besides, it consumes UE processing power to monitor CSI-RS resources, and if too many CSI-RS resources come together at the same time, UE would need to have more time to process it.
[bookmark: _Ref503465473]Observation 3: It may need to relax UE evaluation time for CSI-RS measurement, if too many CSI-RS resources are to be monitored in a slot.


2.3. Slot offset details
The slot configuration of CSI-RS resources for mobility has been specified in RAN1, and the corresponding R1 agreement is attached.     RAN1-91 Agreement:
Agreements:
Agree on the following table for the CSI-RS configuration parameters:
slotConfig
Contains periodicity and slot offset for periodic/semi-persistent CSI-RS
FFS slot offset details (no additional RRC impact)
Periodicity: {5, 10, 20, 40} msec
Offset: 0, 1, …, P-1 slots, where periodicity P is in terms of slots in the CSI-RS numerology
Configured per resource



[bookmark: _Ref494468501]Slot offset is configured for indicating the timing location of CSI-RS resource. The slot offset could be the slot number referenced to the frame boundary of SFN0. However, in NR, it involves high UE complexity to detect frame boundaries for all neighboring cells, i.e., UE may need to read PBCH of cells for C0 (half frame indication) and 3-MSB of SBI in FR2. Because UE needs to get the timing and SBI of a detected SSB to derive the half frame boundary, according to SS burst set composition. Then the frame boundary can be decided after C0 is acquired. Therefore, significant UE effort could be introduced by cell-specific frame boundary detection, when cells’ frame boundary are not well-aligned. 
[bookmark: _Ref503465474][bookmark: _GoBack]Observation 4: If the slot offset is referenced to the frame boundary, UE may need to read PBCH of other cells when the frame boundary are not well-aligned.
[bookmark: _Ref494468485]Based on the observation, to prevent UE to detect frame boundary of all neighboring cells, it would prefer certain level of synchronization between cells to allow all CSI-RS sharing a common reference to the frame boundary of the serving cell. For inter-frequency measurement, then it can be referenced to the frame boundary of any detected cells in the target carrier.
[bookmark: _Ref503465481][bookmark: _Ref503465614]Proposal 3: For intra-frequency measurement, the timing reference of slot offset is the frame boundary of serving cell; for inter-frequency measurement, the timing reference of slot offset is the frame boundary of any detected cells in that frequency layer.

2.4. Cell-Specific Measurement BW of CSI-RS for Mobility
The measurement BW of CSI-RS resources for mobility has been specified in RAN1, and the corresponding R1 agreement is attached.     RAN1-91 Agreement:
Agreements:
Agree on the following table for the CSI-RS configuration parameters:
Common-PRB-Grid-offset
Information to define common PRB grid for CSI-RS sequence generation 
Corresponds to an offset (in terms of number of subcarriers in CSI-RS numerology) between PRB 0 for common PRB  indexing and a reference location (i.e., corresponds to RRC parameter DL-BWP-loc defined for BWP)
– the reference location is the lowest PRB of the cell-defining SSB
[0,1,2, …, >276*4]

A common value is assigned across all the resources configured for per cell
Measurement-BW
Allowed measurement BW for CSI-RS
BW size: {24, 48, 96, 192, 268} PRBs in CSI-RS numerology
Starting PRB index: {0, 1, …, [251](=274-24+1)]} PRBs with respect to PRB0 in CSI-RS numerology
A common set of values are assigned across all the resources configured per cell



Based on the configuration, UE is able to locate CSI-RS resources of each cell as the following steps, illustrated in Figure 1.
· Step 1: locating PRB0 according to common-PRB-Grid-offset with the reference location being the lowest PRB of the cell-defining SSB
· Step 2: locating starting PRB index according to the cell-specific Measurement-BW, offsetting from PRB0. 
· Step 3: locating PRBs of CSI-RS resources according to the starting PRB index and BW size in the cell-specific Measurement-BW.
[image: ]
Figure 1: UE procedures to locate PRBs of CSI-RS resources for L3 Mobility

According to current RRC configuration of CSI-RS, it is not clear whether CSI-RS could be punctured by SSB, as illustrated in Figure 2. If the configured CSI-RS is punctured, it would have impact on the channel estimation performance, then it would degrade the measurement accuracy. So it would be necessary to avoid to configure CSI-RS which will be punctured by SSB.
[bookmark: _Ref503465482]Proposal 4: It should avoid to configure CSI-RS which will be punctured by SSB.

[image: ]
Figure 2: CSI-RS punctured by SSB

Besides, according to the current configuration, the measurement BW, including BW size and starting PRB, of CSI-RS recourses are cell-specific, so the measurement BW of different cells could be either fully disjoint or partially overlapped, as illustrated in the left side in Figure 3, and UE measurement BW would be the “union” of configured CSI-RS resources. However, if the measurement BW are disjoint (as cell 2 and cell 3 in the left side in Figure 3), it tends to mandate UE to apply wider BW to measure the union of configured CSI-RS resources. We could further discuss it in intra- and inter-frequency measurement, respectively.
[image: ][image: ]
Figure 3: UE measurement BW for CSI-RS resources for L3 Mobility

For intra-frequency measurement, it involves the configuration of active BWP, and we will discuss it in the next session. 
For inter-frequency measurement, UE is not required to measure the CSI-RS resources with BW wider than UE max. DL BW. Besides, it would further prefer to perform measurement at reasonable cost with BW smaller than maximum BW, so it is beneficial to confine CSI-RS resources within a certain frequency range and UE is not expected to measure the fully disjoint CSI-RS resources. 
[bookmark: _Ref503465483]Proposal 5: For a measurement object, UE is not required to measure the CSI-RS resources with BW wider than UE max. DL BW.
[bookmark: _Ref503465484]Proposal 6: For a measurement object, UE is not expected to measure CSI-RS resources which are not overlapped with any other cells in frequency domain.  


2.5. For intra-frequency measurement, relationship with active DL part
For intra-frequency measurement, one open issue is the relationship between CSI-RS reoucres and BWP. Since the CSI-RS resources and BWP are configured separately, so there could be some cases as illustrated in Figure 3: 
· Case 1: all configured CSI-RS resources are within the active DL BWP
· Case 2: some configured CSI-RS resources outside the active DL BWP, but the active DL BWP overlaps at least X PRBs of each configured CSI-RS resource.  
· Case 3: some configured CSI-RS resources outside the active DL part, but the active DL BWP overlaps less than X PRBs of each configured CSI-RS resource.  
[image: ]
Figure 4: the relationship between CSI-RS resources and BWP

Without gap, UE is not expected to perform measurement on CSI-RS resources outside active DL BWP, because UE needs some time for RF tuning. However, it could lead to different options of UE behavior, e.g. 
· Opt. 1: gap shall be configured to UE when BW of CSI-RS for mobility outside active DL BWP, regardless how many X PRBs within active DL BWP
· E.g. in Case#2, UE measures CSI-RS of cell#0, and gap should be configured to UE to measure CSI-RS of cell#1
· Opt. 2: UE only measures the overlapped part between the configured CSI-RS resources and its active DL BWP, when a CSI-RS resource has no less than X PRBs inside DL active BWP. 
To simplify the requirement and also reduce the usage of gap, Opt 2 is preferred.
[bookmark: _Ref503465486]Proposal 7: UE can only measures the overlapped part between the configured CSI-RS resource and its active DL BWP, when a CSI-RS resource with has no less than X PRBs inside DL active BWP. 
3 	Summary
In this paper, we summarize RAN1 agreement and also point out open issues that may potentially impact RAN4 RRM work. We have the following observations and proposals:
Proposal 1: UE is not required to perform measurement on the CSI-RS resources if its cell ID is not detected.
Observation 1: For inter-frequency measurement, where is no serving cell on other carriers, it is not clear whether UE can assume that the carrier is synchronized with the serving cell.
Proposal 2: For inter-frequency measurement, associated SSB must be configured for CSI-RS resources.
Observation 2: UE capability no CSI-RS measurement should be discussed and should be far less than the maximum number of configured CSI-RS.
Observation 3: It may need to relax UE evaluation time for CSI-RS measurement, if too many CSI-RS resources are to be monitored in a slot.
Observation 4: If the slot offset is referenced to the frame boundary, UE may need to read PBCH of other cells when the frame boundary are not well-aligned.
Proposal 3: For intra-frequency measurement, the timing reference of slot offset is the frame boundary of serving cell; for inter-frequency measurement, the timing reference of slot offset is the frame boundary of any detected cells in that frequency layer.
Proposal 4: It should avoid to configure CSI-RS which will be punctured by SSB.
Proposal 5: For a measurement object, UE is not required to measure the CSI-RS resources with BW wider than UE max. DL BW.
Proposal 6: For a measurement object, UE is not expected to measure CSI-RS resources which are not overlapped with any other cells in frequency domain.
Proposal 7: UE can only measures the overlapped part between the configured CSI-RS resource and its active DL BWP, when a CSI-RS resource with has no less than X PRBs inside DL active BWP.
4	Reference 
[1] Chairman Notes for RAN1 91 meeting.
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