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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]According to the approved CSI-RS based RLM simulation assumptions [1], we provide link level simulation results of CSI-RS based RLM in [2]. In this contribution, we discuss CSI-RS based RLM, including CSI-RS configurations, evaluation period, and the mismatch between ideal TX SINR and ideal RX SINR.
2	Discussion on CSI-RS Based RLM
[bookmark: _Ref505695731][bookmark: _Ref506200009]Figure 1 demonstrates the span curves of SINR estimation error of RLM RS, with [5] samples for INS under static channel.  For CSI-RS with D =1 and BW= 24 PRBs, at SNR = -6dB, its span is 1.8dB worse than one of SSB-based RLM RS. If RLM RS is configured as CSI-RS with D = 1 and PRB = 24, it cannot provide reliable SINR estimation result.
[bookmark: _Ref510514957]Observation 1: For CSI-RS base RLM RS with D = 1 and small bandwidth, i.e. PRB = 24, it cannot provide reliable SINR estimation result.
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               Figure 1: Span of CSI-RS based SINR estimation error under static channel
Fig. 2 shows the span curves of SINR estimation error of RLM RS, with [5] samples for INS under ETU70 channel. It is observed that, for CSI-RS based RLM with D = 1, span performance is saturated and it is not robust against longer delay spread channel. Even with 96PRB bandwidth, its span of SINR estimation error is close to 2.9dB at SNR = -3dB.
[bookmark: _Ref510514964]Observation 2: Wideband CSI-RS with 96 PRBs and D = 1 is not robust against long delay spread channels, i.e. ETU channel.
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Figure 2: Span of CSI-RS based SINR estimation error under ETU70 channel

Because there are many possible RLM CSI-RS configurations, it would be beneficial to focus on a single typical CSI-RS configuration for RLM, in order to reduce RAN4 standardization load and speed up discussion convergence.
[bookmark: _Ref506392087]Proposal 1: To reduce the RAN4 standardization work loading on CSI-RS based RLM, defining and then focusing on single typical CSI-RS configuration is preferred.
NR supports mixed RLM resource type, and it expects CSI-RS based RLM shall have comparable SINR estimation accuracy to SSB based RLM. Therefore, regarding the typical RLM CSI-RS configuration, we would suggest
· Frequency domain RE density D = 3
· RS with dense frequency domain density is more robust against multipath channels. Because REs of SSB are contiguous in frequency domain, i.e. D=12, adopting most dense frequency domain density is preferred for CSI-RS
· Number of REs for CSI-RS shall be comparable to that for SSS
· Number of REs is one dominant factor for SINR estimation accuracy. If the number of CSI-RS REs is less than the number of SSS REs per sample, more CSI-RS samples is needed, and longer evaluation period for CSI-RS based RLM than SSB based RLM is necessary to provide comparable REs. 
· E.g. 72 REs per CSI-RS sample (D = 3 and bandwidth = 24 PRBs) and 127 Res per SSB sample, and thus INS and OOS evaluation period would be 10 and 20 CSI-RS samples, respectively, as two times longer than SSB based RLM.
[bookmark: _Ref506392106]Proposal 2: Consider D=3 as typical RLM CSI-RS configuration.
[bookmark: _Ref506392113]Proposal 3: The number of CSI-RS REs per sample shall be considered when designing the evaluation period for CSI-RS based RLM, especially when the number of REs per sample is less than 127.

RLM CSI-RS based SINR estimation performances are provided in Figure 3~6, where the delta SINR is defined as: 
· Delta SINR   = (estimated SINR – ideal RX SINR) 	[dB],
It is desired to reuse LTE RLM test methodology for NR. However, LTE RLM tests are specified based on TX SINRs, e.g. SINR1 to SINR3 for OOS tests and SINR1 to SINR5 for INS tests, while RX SINR is the key factor which determines UE performance. Compared to LTE, the mismatch between TX SINR and RX SINR for NR could become larger because of the following 2 reasons. RAN4 shall further study the mismatch between ideal TX SINR and ideal RX SINR.
1. Fewer of RLM samples in time domain is expected to derive radio link quality: LTE CRS is always available in every DL subframe but NR RLM can only exploit sparse RLM-RS, which may be with long periodicity.
2. Large variation on ideal RX SINR: Channel fading introduce some mismatch between TX SINR and the ideal RX SINR. With sufficient channel diversities (in time, frequency or space), we can minimize this mismatch. However, in NR, SSB occupies only a limited number of PRBs (24 or 20) and SSB is single port. This lack of diversity will lead to a time-varying ideal RX SINR, as shown in Fig. 2, which takes SSB RSRP as an example. From Fig. 2, we can observe that:
a. One shot ideal SSB RSRP is time-varying and the variation could be larger than 25dB, under a fixed TX SSB EPRE.
b. Averaging in time can help. The averaging on ideal estimated RSRP with 5 samples can reduce variation but variation is still up to 9.6dB.
[image: ]
Figure 3: Snapshot of RX Ideal RSRP with fixed TX EPRE in EPA20
However, 9.6 dB variation is still significant, and it would have impact on the design of required SINR for INS/OOS and the design of PDCCH parameter setting. Thus, we think the mismatch between ideal TX SINR and ideal RX SINR should be further discussed.
[bookmark: _Ref506392129]Proposal 4: RAN4 shall further study the mismatch between ideal TX SINR and ideal RX SINR.
3	Conclusion
In this contribution, CSI-RS based SINR estimation performance are provided. According to discussion on section 2 and 3, we propose the following observations and proposals:
Observation 1: For CSI-RS base RLM RS with D = 1 and small bandwidth, i.e. PRB = 24, it cannot provide reliable SINR estimation result.
Observation 2: Wideband CSI-RS with 96 PRBs and D = 1 is not robust against long delay spread channels, i.e. ETU channel.
Proposal 1: To reduce the RAN4 standardization work loading on CSI-RS based RLM, defining and then focusing on single typical CSI-RS configuration is preferred.
Proposal 2: Consider D=3 as typical RLM CSI-RS configuration.
Proposal 3: The number of CSI-RS REs per sample shall be considered when designing the evaluation period for CSI-RS based RLM, especially when the number of REs per sample is less than 127.
Proposal 4: RAN4 shall further study the mismatch between ideal TX SINR and ideal RX SINR.
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5	Appendix

	Simulation parameters
	Comments/values

	Carrier frequency
	4 GHz

	DRX
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions

	UE receive antennas
	Case A: 2  rx (uncorrelated with equal gain, no rx beamforming);

	Number of samples
	3, 5, 10, 20; other number of samples may also be studied upon a need

	Slot length
	14 symbols

	CP Length
	Normal

	Propagation conditions
	For 4 GHz: AWGN, EPA5, ETU30 (for 15 kHz SCS), ETU70 (for 15 kHz SCS);

	SINR
	[-14, -13, ..., 1, 0] dB

	NOTE: companies are encouraged to state the rx beamforming assumptions



	Simulation parameters
	4 GHz

	CSI-RS bandwidth
	24 PRBs, 96 PRBs;

	CSI-RS SCS
	15 KHz

	Periodicity
	20ms

	CSI-RS configuration:
<X,D,N,(Y,Z),CDM>, where:
X=number of CSI-RS ports,
D=density [RE/RB/port],
N=number of OFDM symbols in the same slot,
Y=adjacent in frequency REs in PRB,
Z=adjacent in time REs in PRB
	<1,1,1,N/A,noCDM>
<1,3,1,N/A,noCDM>
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Figure 4: SINR estimation performance under AWGN channel
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Figure 5: SINR estimation performance under EPA5 channel
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Figure 6: SINR estimation performance under ETU30 channel
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Figure 7: SINR estimation performance under ETU70 channel
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