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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#98-e meeting, there were continued discussions on core requirements for CSI-RS based L3 mobility. Some agreements were made. There are also remaining open issues as captured in [1]. 
	· On CSI-RS resources in the same MO with different offset
· [bookmark: _Hlk67564916]Option 1: All CSI-RS resources in the same MO are configured in the same 5ms window. 
· Option 2: Different CSI-RS resources in the same MO may fall in different 5ms window. 
· No clarification on refFreqCSI-RS is needed in RAN4. 
· Starting point of 5ms L CSI-RS window is to be specified in R16 with details FFS
· Option 1: Define the starting point of the 5ms window as the slot boundary of the first configured L3 CSI-RS resource is located.
· Option 2: Define the starting point of the 5ms window based on the resource with smallest offset which may not be the first resource.
· Other options are not precluded.MG sharing mechanism between SSB based and CSI-RS based L3 measurement
· Gap sharing mechanism defined in 9.1.2 should be applicable to inter-frequency CSI-RS measurement
· CSI-RS L3 and SSB L3 are considered as different frequency layers regardless they are configured in the same or different MO 
· CSI-RS and SSB based L3 measurements are subject to the same value of parameter X corresponding to measGapSharingScheme
· On Scheduling restriction
· On intra-frequency measurement scheduling restriction for TDD band
· Option 1: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, and 1 OFDM symbols before and after each consecutive CSI-RS symbols, where the serving cell is taken as the symbol level timing reference. 
· Option 2: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit PUCCH/PUSCH/SRS on CSI-RS resource symbols to be measured, and on 1 OFDM symbol before and after each consecutive CSI-RS symbols to be measured.
· For intra-band carrier aggregation, the scheduling restriction due to a given serving cell should also apply to all other serving cells in the same band. 
· For inter-band carrier aggregation in FR2, there are no scheduling restrictions on the serving cells in the bands due to CSI-RS based measurement in different bands, provided that UE is capable of independent beam management on this FR2 band pair.
· No more clarification on applicability of the scheduling restriction is needed.


We provided our views on core requirements for CSI-RS based L3 measurement in [2] in the last meeting. In this contribution, we further provide our views on the open issues above.
2. Discussion
CSI-RS resource configuration
The time domain restriction of CSI-RS resource configuration for intra-frequency and inter-frequency measurement was agreed as in [3].
	•	Introduce the same time domain restriction for intra-frequency measurement and inter-frequency measurement in Rel-16. 
•	Do not associate CSI-RS location with SMTC
•	CSI-RS resources per frequency layers are configured within 5 ms window at any location
•	CSI-RS periodicities for L3 measurement: 10, 20, 40 ms
•	Up to 1 CSI-RS periodicity can be configured per CSI-RS intra-frequency layer
•	Up to 1 CSI-RS periodicity can be configured per CSI-RS inter-frequency layer
•	The exact relative location between CSI-RS and SMTC can be decided by NW to make sure a single MG pattern can cover both CSI-RS and SMTC for inter-frequency layer.
•	Note: the restrictions above are the conditions to apply the requirements for both Core and Performance part


It was further confirmed that all CSI-RS resources in the same MO should be configured with the same periodicity. The question left is that whether different CSI-RS resources in one CSI-RS periodicity can be configured in different 5ms windows. This can be further illustratged by Figure below which was provided in email discussion summary [4].
[image: ]
From CSI-RS resource configuration perspective configuration of case 2 is allowed by existing signalling. What matters is if the same measurement requirements of case 1 are applicable to case 2 either.
Firstly, the CSI-RS resources in one CSI-RS resource periodcity should be confined within one 5ms window in general, so that UE needs to measure all CSI-RS resources within the 5ms window once during one CSI-RS resource periodicity. With case 2 UE needs to measure all CSI-RS resources during one CSI-RS resource periodicity for two or even more window instance. This is possible for intra frequency measurement without gap but extra UE complexity is required. At least existing measurement requirements should be applicable for this case. 
However, when gap is needed for inter frequency measurement, there are some issues with case 2. Each measurement gap can only cover one 5ms window. For the case 2 above it would not possible to configure a gap patten that is able to cover the two windows in different gap occasions, since the minim gap periodicity is 20ms. It was agreed that CSI-RS resource periodicity for CSI-RS L3 measurement is 10ms, 20ms and 40ms. Even with 40ms CSI-RS resource periodicity, the maximum window separation can only be 20ms. It requires 20ms gap pattern to cover the two windows in one CSI-RS resource periodicity. In our understanding 20ms gap pattern is not typical configuration, especially in FR1. Even if 20ms gap pattern is configured the existing requirements need to be revised to reflect the UE behaviour that UE is required to measure CSI-RS resources in two 5ms windows during one CSI-RS resource period.
Our preference is all CSI-RS resources in the same MO are configured in the same 5ms window as there is no clear justification that CSI-RS resources on one frequency layer cannot be configured as such. Especially for 30kHz SCS, 5ms window would be long enough to configure all the CSI-RS resources in one window.
If there is still strong interest from operator one possible way is to allow two 5ms windows in one CSI-RS resource periodicity for intra-frequency measurement only. Due to the limitation on configuration of CSI-RS resource periodicity and measurement gap periodicity as analysed above, we don’t think it is worth allowing two separate 5ms windows for inter frequency measurement.
Proposal 1a: All CSI-RS resources in the same MO are configured in the same 5ms window. Or
Proposal 1b: All CSI-RS resources in the same MO are configured in the same 5ms window for inter frequency measurement, and measurement requirements should allow all CSI-RS resources in the same MO are configured in two separated 5ms windows during one CSI-RS resource period for intra frequency measurement.

[bookmark: _GoBack]Starting point of 5ms CSI-RS window
It is important to define the starting point of the 5ms window so that UE knows which CSI-RS resources should be counted in the 5ms window. It is reasonable to define the starting point of the 5ms window as the slot boundary of the first configured L3 CSI-RS resource is located. Since CSI-RS based measurements are conducted based on serving cell timing with one single FFT and requirements are only applicable when timing offset between serving cell and neighbour are within CP, it doesn’t matter the slot boundary is based on serving cell or neighbour cell.
Proposal 2: Define the starting point of the 5ms window as the slot boundary where the first configured L3 CSI-RS resource during one CSI-RS periodicity is located.

Scheduling restriction for intra frequency measurement in TDD band
One open issue of scheduling restriction for intra frequency measurement in TDD band is that how to determine the data OFDM symbol that UE is used for neighbour cell CSI-RS measurement. Two options were agreed in the last meeting.
	· Option 1: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, and 1 OFDM symbols before and after each consecutive CSI-RS symbols, where the serving cell is taken as the symbol level timing reference. 
· Option 2: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit PUCCH/PUSCH/SRS on CSI-RS resource symbols to be measured, and on 1 OFDM symbol before and after each consecutive CSI-RS symbols to be measured.


In essence the two options are generally the same. Option 1 is to determine the data OFDM symbols from UE perspective, but option 2 is mainly from network perspective. Since scheduling is up to network, it is necessary that symbols with scheduling restriction are clear to network. So, using CSI-RS resource symbols is more reasonable to define scheduling restriction requirements.
The intra frequency CSI-RS measurement are based on serving cell timing. It needs to be clarified that the measurement is based on serving cell downlink timing. The uplink timing line and downlink time line are different as depicted in Figure 1. With this clarification, there should be no ambiguous to use CSI-RS resource symbols to define scheduling restriction.


Figure 1.
If there is large time difference between neighbour cell and serving cell due to propagation delay, it is also fine to use option 2 to define scheduling restriction requirements. Due to large timing offset, e.g., >CP, the measurement requirements don’t apply in this case. It is not necessarily for UE to measure the neighbour cell from the yellow symbol, but similarily from the blue symbol. Using CSI-RS resource symbols causes no ambiguous.


Figure 2.
In addition, it can also be seen from Figure 1 and Figure 2 that only 1 OFDM symbol after the consecutive CSI-RS symbols to be measured should not be scheduled. The OFDM symbol before the consecutive CSI-RS symbols to be measured can be scheduled because the UL to DL switching time has already been guarantted by guard period before the uplink OFDM symbol.
Furthermore, it is not known to network which CSI-RS resource symbols is to be measured by UE. It is necessary that scheduling restriction applies to all CSI-RS symbols.
Therefore, the scheduling restriction for intra-frequency CSI-RS measurement in a TDD band can be defined as following proposal.
Proposal 3: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit PUCCH/PUSCH/SRS on CSI-RS resource symbols, and on 1 OFDM symbol after the consecutive CSI-RS symbols. 


3. Summary
[bookmark: _Hlk23953093]In this contribution we further provide our views on remaining open issues for CSI-RS based measurement. Based on analysis following proposals are present.
Proposal 1a: All CSI-RS resources in the same MO are configured in the same 5ms window. Or
Proposal 1b: All CSI-RS resources in the same MO are configured in the same 5ms window for inter frequency measurement, and measurement requirements should allow all CSI-RS resources in the same MO are configured in two separated 5ms windows during one CSI-RS resource period for intra frequency measurement.
Proposal 2: Define the starting point of the 5ms window as the slot boundary where the first configured L3 CSI-RS resource during one CSI-RS periodicity is located.
Proposal 3: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit PUCCH/PUSCH/SRS on CSI-RS resource symbols, and on 1 OFDM symbol after the consecutive CSI-RS symbols. 
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