Page 1
3GPP TSG RAN WG1 Meeting #96bis															R1-1904275
Xi'an, China, April 8 - 12, 2019

Source: 	Intel Corporation 
Title:	Discussion on Rel-15 CSI-RS resource configuration for RRM
Agenda item:	7.1.1
Document for:	Discussion and Decision

1. Introduction
In this contribution, we discuss the CSI-RS resource configuration limitation issue discussed in the LS from RAN2 [1] and provide suggestions for the reply LS.

2. Discussion 
In RAN1 #91, RAN1 has agreed to support up to 96 CSI-RS resources per frequency layer when associated SSBs are configured for CSI-RS resources.  Additionally, in RAN1 Adhoc #1 in 2018, RAN1 has agreed to support up to 64 CSI-RS resources per frequency layer when associated SSB is not configured. The agreements have been reflected in the TS38.214 specifications as follows:
	5.1.6.1.3 CSI-RS for mobility 
--- omitted ---
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured 
- with no more than 96 CSI-RS resources when all CSI-RS resources per frequency layer have been configured with associatedSSB, or, 
- with no more than 64 CSI-RS resources per frequency layer when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB 
- For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource 
For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resources per frequency layer.
--- omitted ---



However, based on LS from RAN2 [1], the current RRC signaling does allow up to 9216 resources, 96 cells and 96 resources per cell, in a single measurement object. This is definitely a problem for UEs, as measurement of 9216 CSI-RS resources is not possible for even for the most advanced UEs. 
The main source of the problem is the terminology “frequency layer”. This terminology is not used in any of the RAN2 specification, as RAN2 specification only works with measurement objects. The technical description that explains what ‘frequency layer’ corresponds is missing.
Based on the measurement object signaling framework in RAN2, there could be challenges, mainly description complexity, to correctly defining what frequency layer is for CSI-RS resources. Therefore, we propose to split the issue into 2 parts.
Part 1 – associated SSB is configured for CSI-RS resources
If CSI-RS resources are associated with SSB have the same SSB frequency, all CSI-RS resources should be considered as part of the same frequency layer regardless of whether CSI-RS resources are overlapping or not. This seems reasonable considering that CSI-RS with same associated SSB frequency should belong to set of cells that are overlapping in frequency as they must share the same SSB frequency.

Part 2- associated SSB is not configured for CSI-RS resources
If CSI-RS resources is not configured with associated SSB, things are bit more complicated. All CSI-RS resources from the same measurement object (MO) should obviously be from the same frequency layer regardless of whether they are overlapping, partially overlapping, or not overlapping in frequency. If gNB wishes to configure non-overlapping CSI-RS resources that should correspond to different frequency layer, it should do so with a separate measurement object. Therefore, we can conclude that all CSI-RS resources within a measurement object should be considered as part of the same frequency layer.
In order to make sure, the maximum number of CSI-RS resource limitation per frequency layer can be applied across multiple MOs. We can additionally put signaling restriction stating that: 
· CSI-RS resources configured by different measurement object may not overlap or partially overlap in frequency.

This will insure that two MOs will always have CSI-RS resources that are completely not overlapping, and therefore can be considered as a different frequency layer.
 
Proposal 1:
· Ask RAN2 to add text “CSI-RS resource configured by different measurement object shall not overlap or partially overlap in frequency” to the appropriate specification.
· Replace “per frequency layer” text in TS38.213 section 5.1.6.1.3 with “per higher layer paremeter MeasObjectNR”. Additionally clarify the text as follows:

	A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNRper frequency layer have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR frequency layer when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource



3. Answers to questions listed in the RAN2 LS 


Figure 1. Figure from LS from RAN2 [1]
RAN2 asking in total 6 questions to RAN1.
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?
[bookmark: _GoBack]
To the main question, our preference is to respond to RAN2 with:
====== Response to main question ========
RAN1 has agreed to put maximum number of CSI-RS resource restriction per frequency layer and has captured the restriction in TS38.214 section 5.1.6.1.3 (See below).
	5.1.6.1.3 CSI-RS for mobility 
--- omitted ---
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured 
- with no more than 96 CSI-RS resources when all CSI-RS resources per frequency layer have been configured with associatedSSB, or, 
- with no more than 64 CSI-RS resources per frequency layer when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB 
- For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource 
For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resources per frequency layer.
--- omitted ---



Therefore, even though RRC specification allows configuration of 9216 CSI-RS resources, the RAN1 specification does not allow such configuration to be done per frequency layer.
However, RAN1 does recognize that terminology of frequency layer is not used in RAN2 specification and clearly not defined in RAN1 specification. Therefore, RAN1 suggests the following:
· RAN1 will update the TS38.214 “per frequency layer” text with “configured by the same higher layer parameter MeasObjectNR” and
· RAN1 recommends RAN2 to clarify to appropriate RAN2 specification (.e.g TS38.331) that “any CSI-RS resource configured by different measurement object may not overlap or partially overlap in frequency.”
===================================
To the rest of the enumerated questions, our preference is respond to RAN2 with:
======== Response to other questions ================
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’?
=> Yes. All CSI-RS resources from the same MO should be considered as same frequency layer regardless of their relative frequency position.
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’?
=> Yes. All CSI-RS resources from the same MO should be considered as same frequency layer regardless of their relative frequency position.
3) Whether the CSI-RS resources configured in MO1 and MO2 are part of the same ‘frequency layer’?
=> Configuration of CSI-RS resource from different measurement object should not overlap and such configurations should be avoided in specification. If CSI-RS resources from different measurement object do not overlap, they should be considered in different 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’?
=> If MO1 only contains CSI-RS for cell2 and MO2 only contain CSI-RS for cell5, they should not be considered same frequency layer.
5) Whether the CSI-RS resources belonging to the same “frequency layer” must have the same subcarrier spacing?
=> Yes. This is part of RAN1 agreement in RAN1 #91. It was agreed in RAN1 that “A common value for CSI-RS resource numerology is assigned across all the resources configured per frequency carrier”.
=============================================


4. Conclusions
	In this contribution, we discussed issues regarding maximum number of CSI-RS resource that can be configured per frequency layer. Our proposal is summarized as below:

Proposal 1:
· Ask RAN2 to add text “CSI-RS resource configured by different measurement object may not overlap or partially overlap in frequency” to the appropriate specification.
· Replace “per frequency layer” text in TS38.213 section 5.1.6.1.3 with “per higher layer paremeter MeasObjectNR”. Additionally clarify the text as follows:

	A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNRper frequency layer have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR frequency layer when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource
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