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1. Introduction

In RAN4#94-e, the synchronization assumption for CSI-RS measurement requirements was discussed. There was no conclusion and the issue is captured in the agreed WF [1]. 
	· RAN4 further discuss the synchronization assumption for CSI-RS measurement


In this paper, we will provide our views on the above issue.
2. Discussion
In 38.214, UE behaviour for measuring CSI-RS for mobility is defined in section 5.1.6.1.3. 

	If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to ['QCL-TypeD']. 


It can be seen that the timing for CSI-RS measurement can be based on serving cell or the cell transmitting CSI-RS (which can be serving cell and neighbour cell), depending on whether the CSI-RS is configured with or without associated SSB.

2.1. CSI-RS without associated SSB
For a CSI-RS resource configured without associated SSB, according to the WID, single FFT is assumed for multi-cell measurement per frequency layer. It means UE will use the serving cell timing to measure a CSI-RS resource transmitted by neighbour cells. Therefore, when UE performs the measurement, there will be timing error from

· Time misalignment between the serving cell and the neighbour cell

· Propagation delay difference between the serving cell and the neighbour cell

From network perspective, it is unlikely that the synchronization is enhanced just for CSI-RS measurement without associated SSB, so we suggest to take the assumptions of 3~4 us based on TDD phase error and possible propagation delay difference. 
In RAN4#94-e, some companies proposed to take the assumption of MRTD. In our view, however, CSI-RS measurement without associated SSB cannot work if the timing error is on the level of MRTD for inter-band CA, which is 33us for FR1, 25us for FR1-FR2 and 8us for FR2. This is because the timing error is more than one symbol, which means UE could be measuring a different symbol than the one with CSI-RS.
Proposal 1: For CSI-RS measurement without associated SSB, the requirements apply provided that the timing error is less than [X]us, where X is 3~4us.
Next we will analyse the impact of the assumed timing error on the measurement performance. In Table 1 we show the measurement accuracy with timing error of 3us and without timing error, for SCS of 15kHz and 120kHz respectively. The simulation is based on 48PRB and D=3, at -6dB SNR.
	SCS
	Channel
	Timing error = 0
	Timing error = 3us

	15kHz
	
	5%
	50%
	95%
	5%
	50%
	95%

	
	AWGN
	-0.72
	-0.05
	0.61
	-0.73
	-0.06
	0.59

	
	TDL-A30-83
	-0.80
	-0.05
	0.57
	-0.73
	-0.05
	0.58

	
	TDL-C30-83
	-0.80
	-0.05
	0.59
	-0.78
	-0.05
	0.60

	120kHz
	AWGN
	-0.81
	-0.06
	0.51
	-4.48
	-3.12
	-2.06

	
	TDL-A30-833
	-0.67
	-0.03
	0.56
	-4.63
	-3.18
	-2.10

	
	TDL-C30-833
	-0.75
	-0.07
	0.53
	-4.68
	-3.15
	-2.11


It can be seen that the impact of the timing error is negligible for 15kHz. This is expectable because 3us is still within the CP for 15kHz. However, the accuracy of 120kHz is degraded quite a lot due to the timing error. This is because 3us is much larger than CP length, which causes signal power loss and interference power increase, so there is a clear negative bias in the measurement. 
Based on above observation, the impact of timing error should be taken into account when defining the accuracy requirements for CSI-RS without associated SSB.

Proposal 2: The impact of timing error should be taken into account when defining the accuracy requirements for CSI-RS without associated SSB.

2.2. CSI-RS with associated SSB
For a CSI-RS resource configured with associated SSB, we understand the measurement should not be conditioned on network synchronization. UE should first try to detect the associated SSB before measuring the CSI-RS, and the SSB detection is no different from normal SSB based cell identification. If the SSB is detected, UE would measure the CSI-RS based on the timing of the detected SSB, which can be different from the serving cell timing.

In RAN4#94-e, some companies proposed that the single FFT assumption also applies for CSI-RS with associated SSB, and UE is also assumed to use saving cell timing for the measurement. We do not agree to this assumption because this is conflicting from RAN1 specification. It means the efforts UE spends on detecting associated SSB is just for determining whether the CSI-RS is detectable or not, while the other function of the associated SSB as timing reference for the CSI-RS measurement is completely wasted.
Observation 1: UE using serving cell timing for CSI-RS with associated SSB is conflicting with RAN1 specification.

Observation 2: If UE uses serving cell timing for CSI-RS with associated SSB, the measurement is no different from CSI-RS without associated SSB, and the function of the associated SSB as timing reference for the CSI-RS measurement is completely wasted.
The consequence if UE uses serving cell timing for CSI-RS with associated SSB is that the network synchronization should be same as for CSI-RS without associated SSB, which in our view is unnecessary requirement for the network deployment. 

In addition, many use cases cannot be supported, e.g.

· CSI-RS measurement cannot be used in asynchronous FDD network.
· CSI-RS measurement cannot be used in loose synchronous network. As discussed in section 2.1, if the receive timing difference (RTD) between the serving cell and neighbour cell is close to inter-band CA MRTD, the measurement will not work due to too large timing error. On the other hand, we understand inter-band CA with large RTD is definitely not a corner case.

Even for the synchronous network where the RTD between the serving cell and neighbour cell is 3us, as shown in Table in section 2.1, the accuracy performance will be degraded because it is no different from the CSI-RS without associated SSB.
Observation 3: If UE uses serving cell timing for CSI-RS with associated SSB, it will unnecessarily require network synchronization, and many use cases cannot be supported, 
· asynchronous network, e.g. FDD

· loose synchronous network, e.g. the timing error is inter-band CA MRTD 

Observation 4: If UE uses serving cell timing for CSI-RS with associated SSB, even in synchronous network, the accuracy performance will be degraded for large SCS. 

Based on above observations, we propose
Proposal 2: When CSI-RS resource for mobility is configured with associated SSB, UE is assumed to use the timing of the detected SSB, and the CSI-RS measurement requirements is not conditioned on network synchronization.
3. Conclusions

In this paper we provided our views on the synchronization assumption for CSI-RS measurement.
Proposal 1: For CSI-RS measurement without associated SSB, the requirements apply provided that the timing error is less than [X]us, where X is 3~4us.
Proposal 2: The impact of timing error should be taken into account when defining the accuracy requirements for CSI-RS without associated SSB.

Observation 1: UE using serving cell timing for CSI-RS with associated SSB is conflicting with RAN1 specification.

Observation 2: If UE uses serving cell timing for CSI-RS with associated SSB, the measurement is no different from CSI-RS without associated SSB, and the function of the associated SSB as timing reference for the CSI-RS measurement is completely wasted.
Observation 3: If UE uses serving cell timing for CSI-RS with associated SSB, it will unnecessarily require network synchronization, and many use cases cannot be supported, 

· asynchronous network, e.g. FDD

· loose synchronous network, e.g. the timing error is inter-band CA MRTD 

Observation 4: If UE uses serving cell timing for CSI-RS with associated SSB, even in synchronous network, the accuracy performance will be degraded for large SCS. 

Proposal 2: When CSI-RS resource for mobility is configured with associated SSB, UE is assumed to use the timing of the detected SSB, and the CSI-RS measurement requirements is not conditioned on network synchronization.
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