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1 Introduction
The definitions of intra-frequency measurement and inter-frequency measurement in NR were extensively discussed in the last meeting [1-7]. RAN4 agreed on intra-frequency measurement and inter-frequency measurement definitions for both SSB based measurements and CSI-RS based measurements [8]. In case of SBB based measurements the definition assumes that there only one SSB on the serving cell. 
In this paper we further analyse the implication of having multiple SSBs in the serving cell on the SSB based intra-frequency measurement and inter-frequency measurement definitions and provide a draft LS out to RAN2.
2 SSB based Measurements with Single SSB 
In the last RAN4 meeting the following definitions of the SS block (SSB) based RRM Measurements were agreed. As stated below these definitions are based on the assumption that the serving cell has only one SSB. 
· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.
· The above SSB based measurement definitions assume that the same cell transmits only one SSB.

2.1 SS block based measurements

2.1.1 SSB based intra-frequency measurement
The SS based RSRP (SSRP) is done on SSS in the SS block. If the center frequency of the SS block (SSB) in the serving cell and the center frequency of SSBNC in the neighbour cell are the same then the UE does not need to retune its receiver to measure on the neighbour cell. Due to full alignment of the center frequencies of the SSBs in the serving and the neighbour cells, the measurement accuracy of the neighbour cell is the same as that of the serving cell.
According to figure 1, the SS block of the serving cell (SSBSC) and SS block # 1 of the neighbour cell (SSB1NC) have the same center frequencies i.e. FSC = FNC1. This means that when the UE served by a serving cell with SSBSC, is configured to measure on cells with SS block, SSB1NC, then measurements on all neighbour cells with SS block, SSB1NC, shall be intra-frequency measurements. In this case the UE should meet intra-frequency measurement accuracy. 
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Figure 1: Examples of aligned and misaligned SS blocks between serving cell and non-serving cell in terms of their center frequencies 
2.1.2 SSB based inter-frequency measurement
Also according to figure 1, on the other hand, the SS block of the serving cell (SSBSC) and SS block # 2 of the neighbour cell (SSB2NC) DO NOT have the same center frequencies i.e. FSC ≠ FNC2. This means that when the UE served by a serving cell with SSBSC, is configured to measure on cells with SS block, SSB2NC, then measurements on all neighbour cells with SS block, SSB2NC, shall be intra-frequency measurements. In this case the UE should meet inter-frequency measurement accuracy. The reason is that the UE will have to retune its receiver to measure on SSB2NC. In practice SSB1NC and SSB2NC can be closer in frequency or well apart in frequency. Due to frequency differences the RF impairments between the serving cell and neighbour cell with different center frequencies are not eliminated. In LTE RAN4 has defined generic inter-frequency measurement accuracy requirements regardless of differences in frequencies between the serving and neighbour cells. 
3 Impact of Multiple SSB in Serving Cell on SSB based Measurements
RAN1 has agreed on the possibility for transmitting multiple SS blocks (SSBs) in the frequency domain within a wideband carrier [9]. The following two alternatives are under discussion in RAN1:
· Alternative 1: 
In case of multiple SSBs within a wideband carrier, all the SSBs are based on PSS/SSS corresponding to the same physical-layer cell identity

· Alternative 2: 
In case of multiple SSBs within a wideband carrier, different SSBs may be based on PSS/SSS corresponding to different physical-layer cell identities

In the second alternative the multiple SSBs correspond to different cells from the UE measurement perspective. Therefore one cell (e.g. serving cell of a UE) shall have only one SSB. The agreed RAN4 definitions in [8] already cover this scenario.
However in the first alternative where multiple SSBs with the same cell ID are transmitted in the same cell, the UE should use one of the SSBs in the serving cell for determining whether a neighbor cell measurement wrt that SSB (in the serving cell) is an intra-frequency or an inter-frequency measurement.

An example of multiple SSBs in a serving cell is shown in figure 2. In this example SS block # 1 of the serving cell (SSB1SC) and SS block # 1 of the neighbour cell (SSB1NC) have the same center frequencies (i.e. FSC1 = FNC1) and also the same subcarrier spacing (SCS). But the center frequency (FSC2) of SS block # 2 of the serving cell (SSB1SC) does not match with any of the center frequencies of SS block # 1 (SSB1NC) or SS block # 2 (SSB2NC) of the neighbour i.e. FSC2 ≠ FNC1 and FSC2 ≠ FNC2.
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Figure 2: An example of multiple SS blocks in serving cell
The measurement done on SSB1NC or SSB2NC of the neighbour cell is an intra-frequency or an inter-frequency shall depends on whether the UE uses SSB1SC or SSB2SC for performing the serving cell measurement. For example if SSB1SC is used for performing the serving cell measurement then measurements done on SSB1NC and SSB2NC shall be intra-frequency and inter-frequency respectively. But if SSB2SC is used for performing the serving cell measurement then measurements done on SSB1NC and SSB2NC shall be both inter-frequency. Based on this analysis we suggest that the UE is explicitly configured with a reference SSB of the serving cell for performing intra-frequency measurement. This will also enable the UE and the network to unambiguously know whether the measurement done or expected to be done is intra-frequency or inter-frequency. In idle mode there can be one reference SSB since it has to be cell specific. But in RRC connected state the reference SSB can be cell specific. However we don’t see any fundamental change in the definitions of the agreed SSB based measurements [8].
· Proposal # 1: If the serving cell of the UE transmits multiple SS blocks then the UE should be configured with a reference SS block in the serving cell for performing SSB based intra-frequency and inter-frequency measurements.
4 Summary
In this paper we have discussed the implication of having multiple SSBs with the same cell ID in the serving cell on intra-frequency measurement and inter-frequency measurement in NR. The main conclusion and proposal are:
· Proposal # 1: If the serving cell of the UE transmits multiple SS blocks then the UE should be configured with a reference SS block in the serving cell for performing SSB based intra-frequency measurements and inter-frequency measurements.

A draft of an LS out to RAN2 containing the above proposal is provided in [10].
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