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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In this paper, we discuss a real field issue encountered when Network compares the RSRQ values between LTE cell and NR cell. In LTE system, RSRP and RSSI are measured based on almost the same time span, the upper bound of RSRQ value in LTE system is approximately -3dB. However, in NR system, when Network does not indicate the measurementSlots, denominator term NR carrier RSSI is the averaged RSSI over symbols within whole SMTC window duration. It might cause RSRQ become abnormally high. In this case, how the network can still make a fair comparison is what we focus on in this paper.
2	RSRQ evaluation 
Generally, RSRQ can provide cell load information that measured from the UE side, which is helpful for the network to select a suitable cell for UE to camp on. As shown in Figure 1, assuming that in an EN-DC mode, Network would like to compare the measured RSRQ values between an LTE cell and an NR cell. For LTE system, RSRQ is defined as the ratio of N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB's of the E-UTRA carrier RSSI measurement bandwidth. Unless indicated otherwise by higher layers, RSSI is measured only from OFDM symbols containing reference symbols for antenna port 0 of measurement subframes. If higher layers indicate all/certain OFDM symbols for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the DL part of measurement/indicated subframes. It means that the numerator and denominator will always be measured based on almost the same time span. The upper bound of RSRQ value in LTE system is approximately -3dB.
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[bookmark: _Ref101798363][bookmark: _Ref101708611]Figure 1: RSRQ measured from LTE cell and NR cell

For NR system, RSRQ evaluation rules in different scenarios are specified in TS38.215 [1]. RSRQ is defined as the ratio of N×SS-RSRP / NR carrier RSSI. If indicated by higher-layers, the denominator term NR carrier RSSI is the averaged RSSI over symbols indicated by parameter measurementSlots; however, if not indicated by higher-layers, the denominator term NR carrier RSSI is the averaged RSSI over symbols within whole SMTC window duration. It means that the numerator and denominator might not be measured based on the same time span.

	
Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. For cell selection, according to Clause 4.1 of TS 38.211 [12], the measurement time resources(s) for NR Carrier RSSI are not constrained. Otherwise, the measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

If indicated by higher-layers, if measurement gap is not used, the NR Carrier RSSI is measured in slots within the SMTC window duration that are indicated by the higher layer parameter measurementSlots and in OFDM symbols given by Table 5.1.3-1 and, if measurement gap is used, the NR Carrier RSSI is measured in slots within the SMTC window duration that are indicated by the higher layer parameter measurementSlots and in OFDM symbols given by Table 5.1.3-1 that are overlapped with the measurement gap, which is defined in TS38.133 [12]. 
-	For intra-frequency measurements, NR Carrier RSSI is measured with timing reference corresponding to the serving cell in the frequency layer
-	For inter-frequency measurements, NR Carrier RSSI is measured with timing reference corresponding to any cell in the target frequency layer
Otherwise not indicated by higher-layers, if measurement gap is not used, NR Carrier RSSI is measured from OFDM symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from OFDM symbols corresponding to overlapped time span between SMTC window duration and the measurement gap.

Table 5.1.3-1: NR Carrier RSSI measurement symbols
	OFDM signal indication endSymbol
	Symbol indexes

	
	
	

	0
	{0,1}
	

	1
	{0,1,2,..,10,11}
	

	2
	{0,1,2,…, 5}
	

	3
	{0,1,2,…, 7}
	






Issue happens when Network does not indicate the measurementSlots. If we take an FR2 case as the example, as shown in below Figure 2, it is up to L=64 SSBs can be allocated in the 120kHz SCS. Assuming that SSB1 represents the beam direction where UE can receive the strongest signal, and on that SSB the received power in each SSB symbol is 1[W]. Assuming that the received signal strengths in other beam directions is almost zero. Then the corresponding RSRQ value can be counted as follows:


[bookmark: _Ref101804746]We can see that the RSRQ value becomes abnormally high.
[bookmark: _Hlk101807007]Observation 1: RSRQ might become abnormally high when RSRP and RSSI are not evaluated based on the same time span

Unfortunately, that high RSRQ of SSB1 does not guarantee good cell quality from the corresponding cell. If we limit the denominator term and counting RSSI only based on symbols within SSB1, the corresponding RSRQ value is only -4.2dB. 



[image: ]
[bookmark: _Ref101800617]Figure 2: SSB structures 


Comparing with the -3dB RSRQ value measured from the LTE cell, 17dB RSRQ1 value measured from the NR cell is much higher and Network will definitely choose that NR cell for UE to camp on. However, such a high RSRQ value is caused by NR beam forming, and it does not mean that NR cell has less cell loading. We suggest RAN1 to discuss and provide solution for this issue, such that fair comparison between LTE cell and NR cell can be achieved.
[bookmark: _Ref95772048][bookmark: _Ref101804762]Proposal 1: RAN1 to clarify UE/gNB behavior on RSRQ calculation/comparison between NR and LTE when Network does not indicate the measurementSlots to the NR cell 

It seems that the evaluation of RSRQ2 is more reasonable because it can guarantee that measured RSRP and RSSI are from the same RX beam. So we suggest the following modification in the RSRQ definition.

	If indicated by higher-layers, if measurement gap is not used, the NR Carrier RSSI is measured in slots within the SMTC window duration that are indicated by the higher layer parameter measurementSlots and in OFDM symbols given by Table 5.1.3-1 and, if measurement gap is used, the NR Carrier RSSI is measured in slots within the SMTC window duration that are indicated by the higher layer parameter measurementSlots and in OFDM symbols given by Table 5.1.3-1 that are overlapped with the measurement gap, which is defined in TS38.133 [12]. 
-    For intra-frequency measurements, NR Carrier RSSI is measured with timing reference corresponding to the serving cell in the frequency layer
-    For inter-frequency measurements, NR Carrier RSSI is measured with timing reference corresponding to any cell in the target frequency layer

Otherwise not indicated by higher-layers, if measurement gap is not used, NR Carrier RSSI is measured from OFDM SSB symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from OFDM SSB symbols corresponding to overlapped time span between SMTC window duration and the measurement gap. 



3	Summary
In this contribution, we have following observation
Observation 1: RSRQ might become abnormally high when RSRP and RSSI are not evaluated based on the same time span

and we propose
Proposal 1: RAN1 to clarify UE/gNB behavior on RSRQ calculation/comparison between NR and LTE when Network does not indicate the measurementSlots to the NR cell 
Reference 
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