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1. Introduction
This contribution summarizes CRs related to mobility that were submitted for Rel-15 NR.

2.  Summary of Issues 
RAN2 has asked several questions regarding definition of frequency layer and how it pertains to CSI-RS mobility resources being configured by measurement object [1].


Figure 1. Figure from LS from RAN2 [1]

RAN2 asking in total 6 questions to RAN1. RAN1 should answer the following questions.
Main question is:
· RAN2 would like to know whether the current CSI-RS configuration signalling framework and the associated restrictions on maximum number of CSI-RS resources per RAN2 specifications is acceptable to RAN1.

Additional questions asked by RAN2 are:
1) Whether the CSI-RS resources of serving cell and CSI-RS resources of cell1 configured in MO1 are part of the same ‘frequency layer’?
2) Whether the CSI-RS resources of serving cell, CSI-RS resources of cell1 and CSI-RS resources of cell2 configured in MO1 are part of the same ‘frequency layer’?
3) Whether the CSI-RS resources configured in MO1 and MO2 are part of the same ‘frequency layer’?
4) If only CSI-RS resource of cell2 is configured in MO1 and if only CSI-RS resource of cell5 is configured in MO2, are they part of the same ‘frequency layer’?
5) Whether the CSI-RS resources belonging to the same “frequency layer” must have the same subcarrier spacing?

Conclusion of Tuesday offline discussions
· RAN1 to summarize the available proposals for definition for frequency layer for further discussion.
· Daewon will provide a summary over the email reflector and companies are encouraged to provide feedback on the summary.
· Have further discussion over email to reach consensus on how to treat the frequency layer definition issue in RAN1 and also conclude on the exact contents of the Reply LS to RAN2.
· The following are list of information to be included in the Reply LS to RAN2
· State that the measurement object framework defined in RAN2 is acceptable from RAN1 perspective, i.e. no changes are expected to be needed to the RRC signaling.
· Explain the main motivation behind the previous RAN1 agreement on restriction on number of CSI-RS resources for mobility.

List of frequency layer definition proposals (based on contributions & feedback during offline discussion)
	Source
	Proposal
	Comments (e.g. pros & cons)

	Intel [2][8]
	Frequency layer for CSI-RS mobility resource defined in RAN1 is measurement object defined in RAN2.
CSI-RS resource configured by different measurement object shall not overlap or partially overlap in frequency.
	

	ZTE [3][4]
	Frequency layer for CSI-RS mobility resource defined in RAN1 is measurement object defined in RAN2.
	

	Ericsson [5]
	Frequency layer for CSI-RS mobility resource refers to a frequency range corresponding to the maximum frequency span of a CSI-RS-Resource-Mobility resource, i.e., 264PRBs.
Subcarrier spacing of the CSI-RS resources does not play a role in the definition of frequency layer.
	Introducing restrictions on MO would lead to severe limitations: note that the MO contains more than the reference signal measurement.


	Nokia [6][10]
	If the CSI-RS for mobility are configured with associatedSSB, those CSI-RS resources for which the associated SSBs have same center frequency, are considered to belong to same frequency layer in terms of UE measurement capability.
If the CSI-RS for mobility are not configured with associatedSSB, those CSI-RS resources for which serving cell, given refServCellIndex, is the same, are considered to belong to same frequency layer in terms of UE measurement capability.
	

	Huawei [7]
	Frequency layer for CSI-RS mobility resource is CSI-RS resources with same subcarrier spacing & same center frequency of the CSI-RS.
There is no use case for configuring CSI-RS mobility resources that have the same center frequency but with different measurement objects. 
	

	Qualcomm
	Frequency layer for CSI-RS mobility resource is CSI-RS resources with same subcarrier spacing & same center frequency of the CSI-RS.
	

	CATT
	Frequency layer for CSI-RS mobility resource refers to a frequency range corresponding to the maximum frequency span for which the UE with minimum capability is able to measure without frequency switching in our view. The measurement object currently defined in RAN2 may include the CSI-RS mobility resources from multiple frequency layers. Thus, we may need to   introduce some constraint if we want to make all CSI-RS resources in one MO belong to the same frequency layer. For example, the CSI-RS resources for mobility in one MO, if configured with associatedSSB, those CSI-RS resources for which the associated SSBs should have same center frequency as proposed by Nokia.

	

	vivo
	We share the same view as Intel, the frequency layer for CSI-RS mobility resource should be MO defined by RAN2 and the NW should ensure that there is no overlapping between different MOs.
	It seems this option has less RAN1 spec impact.

	LGE
	If the CSI-RSs for RRM are configured with associatedSSB, frequency layer for CSI-RSs for RRM is defined with the center frequency of the associatedSSB. (ssbFrequency in MeasObjectNR in TS 38.331)

Otherwise, frequency layer for CSI-RSs for RRM is defined with measurement object containing the CSI-RS resources.
	

	MediaTek
	Frequency layer for CSI-RS mobility resource defined in RAN1 is frequency range defined in RAN4 (i.e., FR1 and FR2).
CSI-RS resource configured by different MOs shall not overlap or partially overlap in frequency.
CSI-RS mobility resources configured in one MO is CSI-RS resources with same subcarrier spacing & same center frequency of the CSI-RS.
	



Some further discussion notes:
· As pointed out by Nokia [10] and Intel [8], it was agreed in RAN1 #91 that a common subcarrier spacing value is assigned across all the CSI-RS mobility resources configured per frequency carrier.
· Samsung has pointed out that there is a related capability signaling, maxNumberCSI-RS-RRM-RS-SINR, that is relevant this discussion and information should be conveyed to RAN2.
· Observation from Samsung:
· RAN1 defined that the max number of CSI-RS resources is ‘across all measurement frequencies per slot
· 38.306 specifies this accordingly. This means current signaling structure (38.331) allows 9216 CSI-RS resources per MO which is very much beyond the UE capability (96 in total as per 38.306).
· Ericsson has provided some potential reasons why CSI-RS configuration across multiple MO could be considered:
· define MOs pointing to the same CSI-RS but with different:
· nrofCSI-RS-ResourcesToAverage 
· offsetMO
· different blacklist/whitelist
· Ericsson pointed out proposal from Intel, Vivo could allow gNB configuring multiple MO each with 96 CSI-RS resources and with non-overlapping CSI-RS between MO that are still confined within the system bandwidth.
-------------
RAN1 UE capability:
	
	1-13
	Maximal number of CSI-RS resources for RRM and RS-SINR measurement across all measurement frequencies per slot
	
	1-5 or 1-5a or 1-6
	Yes
	
	Type 4
	No need
	No need
	
	Note: If UE supports any of 1-5, 1-5a, and 1-6, UE shall report this capability 1-13
	RAN1
	Candidate value set: {4,8,16,32,64, 96}
	Candidate value set: {4,8,16,32,64, 96}



TS38.306:
	maxNumberCSI-RS-RRM-RS-SINR
Defines the maximum number of CSI-RS resources for RRM and RS-SINR measurement across all measurement frequencies per slot.
	UE
	Tbd
	No
	No


------------

Summary of offline discussion on Thursday Morning:
· Frequency layer definition & maximum number of CSI-RS
· Continue email discussion and focus the discussion on configuring frequency to be MO with potential restrictions on the MO configuration.
· The following are potential restriction that were discussed in the offline session.
· Option A) NW is not allowed to configured CSI-RS belonging to different MOs with any overlapping frequency 
· Option B) CSI-RS resources in the same MO have the same startPRB.
· Option C) All CSI-RS resources in a MO should be confined within maximum of [275] PRBs for a given SCS.
· Option D) No restrictions for MO.

· It was mentioned that RAN4 may need to work on limiting the maximum number of MOs that could be configured when CSI-RS based RRM measurement requirements are specified in RAN4.
· Reply LS to RAN4 (scheduling restriction)
· RAN1 does not expect any changes to RAN1 spec due to RAN4 agreements stated in the LS.
· Provide feedback to Xi & over email reflector on the LS contents.


Summary of offline discussion on Friday Morning:
[bookmark: _GoBack]Proposed conclusion from feature lead:
· Suggest to approve reply LS in R1-1905753

Proposed conclusion from feature lead:
· From RAN1 perspective, frequency layer for CSI-RS mobility resources is measurement object (MO)
· All CSI-RS resources in a MO shall have the same SCS.
· Down-select among the following option & approve the draft reply LS incorporating information about the agreed option.
· Alternative 1) CSI-RS resources in the same MO have the same startPRB.
· Qualcomm, Samsung, Vivo, LGE

· Alternative 2) CSI-RS resources in the same MO have the same center frequency of the CSI-RS resources.
· i.e. startPRB + floor(nrofPRBs/2) of each CSI-RS-CellMobility have the same value
· CMCC, Qualcomm, Vivo, Intel, Samsung, LGE

· Alternative 3) All CSI-RS resources in a MO should be confined within maximum of 264 PRBs for a given SCS.
· i.e. maximum of (startPRB + nrofPRBs) – minimum of ( startPRB ) is smaller or equal to 264.
· Ericsson, Nokia, CMCC, Huawei, ZTE

· Suggest to approve draft reply LS in R1-1905830 with deletion of text corresponding to the not selected alternatives.
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