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1. Introduction

The RRM requirements of CSI-RS based mobility measurement were discussed at last RAN4#96 emeeting. The discussion progress is captured in [1][2][3]. This paper continues to provide the analysis on the remaining issues of CSI-RS based measurement.
2. Discussion
2.1. Scheduling restriction
Two cases for scheduling restriction are still under discussion. The first is listed as below,
	· Issue 2-7-2: When UE performs CSI-RS intra-frequency measurements in a TDD band 

· FFS: 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


The second is the scheduling restriction under the case of mixed numerology between data and CSI-RS L3 mobility.

In order to avoid the interference from other UE which transmits uplink, it is required that UE performs CSI-RS intra-frequency measurements in a TDD band rather than transmit uplink signals. The timing boundary between downlink and uplink is not aligned due to the TA. In addition, according to RAN1 specification [TS38.211], a UE not capable of full-duplex communication is not expected to receive in the downlink earlier than [image: image2.png]Ny s Te



 after the end of the last transmitted uplink symbol in the same cell. The transition time is 13us for FR1 and 7us for FR2.
In SSB based scheduling restriction, 1 data symbol is added before and after SSB symbols. For CSI-RS based measurement, 1 data symbol can also capture the timing boundary alignment and DL/UL transition time. 

Proposal 1: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to tranmsit uplink signals on configured CSI-RS symbol and on 1 OFDM symbol before and after each configured CSI-RS symbol to be measured within the configured slot as indicated in slotConfig.
For the second issue, although the SCS of CSI-RS resources for mobility in intra-frequency measurement is the same, the SCS of data of different cells can be different.  For only one single cell, it is possible to restrict that the SCS of CSI-RS resource for mobility and serving cell data is the same. However if another intra-frequency neighbour cell has different SCS of data with serving cell, then data SCS and CSI-RS for L3 measurement is different for that cell. The neighbour cell is the serving for the other UEs. So as a while from network configuration point of view, it is possible that SCS of intra-frequency CSI-RS L3 measurement and data is different.
In R16 there is no UE capability of mixed numerology between data and CSI-RS L3 mobility. So the worst case is that UE is not capable of supporting simultaneous different SCS reception. The minimum requirements are based on the worst case.
In the last meeting, it was agreed [1], 

· Rel-16 CSI-RS based measurement requirements are based on Single FFT implementation
· UE supports using the serving cell timing for CSI-RS based L3 measurement for intra-frequency measurements in Rel-16
If data and CSI-RS measurement use the same FFT, switching between different SCS resembles with BWP switching. As we know the BWP switching delay is slot level, then scheduling restriction of mixed numerology is slot level. 
Proposal 2: The scheduling restriction of mixed numerology between data and CSI-RS L3 mobility is slot level. 
2.2. Details in CSI-RS measurement window

In RAN4#96-e, it is agreed [WF R4-2012178] that 

	· 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


Based on the highlighted bullet, UE would only measure CSI-RS resources in a window that occurs periodically with <= 5ms duration. However, it is unclear whether the both cases below are supported from requirements perspective.

· Case 1: all CSI-RS resources are confined in the same window duration

· Case 2: different resources fall in different windows

The two cases are illustrated in Figure 1. In both cases, there are 2 CSI-RS resources falling in a window with 10ms periodicity. In Case 1, the resource periodicity is same as the window periodicity and the two resources are falling in the same instance of the window; In Case 2, the resource periodicity is larger than the window periodicity and the two resources are falling in two different instances of the window.

[image: image4.png]Resource period: 10ms

Window period: 10ms

Case 1: window period = 10ms, resource period = 10ms, 2 resources in the same window

Resource period: 20ms |

Window period: 10ms

Case 2: window period = 10ms, resource period = 20ms, 2 resources in different windows




Figure 1: Illustration of different cases for CSI-RS resources in periodically occurring windows

In our view, both cases should be supported to allow flexible network configuration. From UE side, as the offset for each CSI-RS resource is provided by the configuration signalling, the presence of each CSI-RS resource in a window instance should be clear, so there is no problem for UE to determine which resources to measure for a window instance. 

To capture the support of both cases in the specification, we suggest to define the applicability condition as
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 are time offsets (in millisecond) of CSI-RS resource i and j respectively with respect to the serving cell timing. 10ms is the window periodicity and 5ms is the maximum window duration.
It is noted that in Case 1 the window periodicity and resource periodicity are same while in Case 2 they are different. We suggest to define the window periodicity as fixed 10ms to accommodate Case 2. For Case 1 and when the CSI-RS resources periodicity is 20ms or 40ms, the UE can still assume the window periodicity as 10ms and determines that no resource to be measured for some of the window instances. 

Proposal 3: The CSI-RS measurement requirements apply provided that any two CSI-RS resource i and resource j of a frequency layer satisfy 
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 are time offsets (in millisecond) of CSI-RS resource i and j respectively with respect to the serving cell timing.

3. Conclusions

This contribution provides the discussion on the remaining issues of CSI-RS based measurement requirements. The proposals are provided as below:
Proposal 1: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to tranmsit uplink signals on configured CSI-RS symbol and on 1 OFDM symbol before and after each configured CSI-RS symbol to be measured within the configured slot as indicated in slotConfig.
Proposal 2: The scheduling restriction of mixed numerology between data and CSI-RS L3 mobility is slot level. 

Proposal 3: The CSI-RS measurement requirements apply provided that any two CSI-RS resource i and resource j of a frequency layer satisfy 
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 are time offsets (in millisecond) of CSI-RS resource i and j respectively with respect to the serving cell timing.
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