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1. Introduction

In last RAN4 #84 meeting, RAN4 widely discussed and reached consensus on the definitions of intra and inter frequency measurement for single reference signal transmission scenario. The agreement was captured in [1] and reproduced here for information:
	· SS block (SSB) based RRM Measurements:

· 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.

· CSI-RS based RRM Measurements:

· CSI-RS based Intra-frequency Measurement: A measurement is defined as a CSI-RS based intra-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources are the same.
CSI-RS based Inter-frequency Measurement: A measurement is defined as a CSI-RS based inter-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is not within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources are different.


In this contribution we further discuss the definition for multiple reference signal transmission scenario.
2. Discussion

2.1. SSB based RRM measurement
SSB based RRM measurement can be used for beam management and mobility. Network needs clear definitions of intra and inter frequency measurement when configuring measurement objects for UEs. RAN4 discussed widely the definitions and reached consensus on single SSB scenario, where only one SSB is transmitted by both serving and neighbour cells. However, multiple SSB transmission is supported in NR. Thus it is natural that RAN4 should further discuss and agree on the definitions of intra and inter frequency measurement in multiple SSB scenario. And LS to RAN2 on this is also expected.
Observation 1: definitions of intra and inter frequency measurement for multiple SSB scenarios should be clearly defined. Corresponding LS to RAN2 is expected.
In [2] we provide some examples of multiple SSB transmission scenario:

[image: image1.emf]Current cellUE Target cell

SSB_c1

Scenario J

SSB_c2

SSB_t1

SSB_t2



 EMBED Visio.Drawing.11  [image: image2.emf]Current cellUE Target cell

SSB_c1

Scenario K

SSB_c2

SSB_t1

SSB_t2



 EMBED Visio.Drawing.11  [image: image3.emf]Current cellUE Target cell

SSB_c1

Scenario L

SSB_c2 SSB_t1

SSB_t2


Figure 1 examples of multiple SSB scenario
In real practise network can have more BWP with SSB transmitted. To simplify discussion, here we only give examples of two BWP with SSB transmitted for each cell. Note that multiple SSB transmission will occur for UE in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED mode.
· UE in RRC_IDLE and RRC_INACTIVE mode

In RRC_IDLE mode, UE performs cell search according to SS raster. UE will struggle to camp on the best SSB. Even for the cell with multiple BWP and multiple SSB transmitted, normally UE only needs to figure out which one is the best and then camp on that SSB. Here we assume all the SSB that are suitable for initial access should carry all the information needed for UE to access the network. That means UE may not need to realize whether there are multiple SSB transmitted in the serving cell, as long as all the operations in RRC_IDEL mode can be performed normally in current camped SSB.
Observation 2: UE only needs to camp on only one SSB, even if there are multiple SSB transmitted in the serving cell.
As depicted in Figure 1, UE will only camp on SSB_c1 in current cell. Therefore, in cell reselection procedure, UE will uses measurement on SSB_c1 for comparison. Some companies proposed the concepts of reference and default SSB in multiple scenario. These concepts can make the definition of intra and inter frequency measurement for multiple SSB scenario easier on top of single SSB scenario, e.g. only need to judge whether the target SSB has the same centre frequency and subcarrier spacing with the reference/default SSB in current cell. If so, it is an intra-frequency measurement scenario. Otherwise it is an inter frequency measurement scenario. 

However, define a default SSB or indicate a reference SSB may have some negative impact on system efficiency in RRC_IDLE mode. Even though the definition and functionality of default and reference SSB is not clearly defined yet, in last RAN4 #84 some companies mentioned that UE should at least perform RRM measurement on this SSB for mobility purpose. That means the rest of SSB transmitted in other BWP can only be used for initial access for UE in RRC_IDLE mode. After initial access, UE will be indicated via system information with the location of default or reference SSB. And then UE needs to retune its searcher to the BWP where this specific SSB is transmitted. 
For instance, SSB_c2 in Figure 1 is the default or reference SSB in current cell. In initial access procedure UE scans all the candidate entries according to the predefined Sync raster. Some UE may access via SSB_c1 and others may access via SSB_c2. For UE access via SSB_c1, UE will then realizes that current BWP is not the default or reference SSB. And then the UE would retune its RF chain to camp on SSB_c2. This would reduce the access efficiency in some extent. 
On the other hand, NR support very large bandwidth, which can be split into several bandwidth part, each of them can have its own SSB transmitted and can be available for UE to camp on. Forcing all UE to camp on certain BWP (where default or reference SSB is transmitted) will reduce the capacity. We propose that UE should have freedom to camp on any available SSB.
Observation 3: forcing UE to camp on certain default or reference SSB will somehow degrade the UE access efficiency system capacity. 
Actually, as pointed out above, UE in RRC_IDLE mode will only camp on single SSB. This will make no much difference with single SSB scenario, i.e. we only need to judge the location and SCS relationship of target SSB and current SSB where UE camps on when defining intra and inter frequency measurement. Note that such definition is defined from UE perspective. In other word, the same target cell and current cell would mean different measurement scenario for different UE.
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Figure 2 multiple SS block scenario
Take Figure 2 measuring target cell for example, it would be inter-frequency measurement for UE1 to measure SSB_t1 and SSB_t2. Meanwhile, it would be intra frequency measurement scenario for UE2 to measure SSB_t1, and inter-frequency measurement to measure SSB_t2. 
Although the definitions are vague from network side of view, no negative impact can be foreseen since current cell only need to broadcast the neighbour cell information (e.g. SSB location, SCS and etc.) to the UE. Measurement object is not configured per UE specifically in RRC_IDLE mode. Thus network doesn’t need to know whether it is an intra or inter frequency measurement. In RAN4 we could have difference measurement requirement to reflect this situation. 
In RRC_INACTIVE mode, UE only supports cell reselection for mobility. The analysis is the same with above for RRC_IDLE mode.

Here we propose:
Proposal 1: for UE in RRC_IDLE and RRC_INACTIVE mode in multiple SSB scenario, intra and inter frequency measurement should be defined only based on the SSB where UE camps on, following the same principle in single SSB scenario.
· UE in RRC_CONNECTED mode

A wideband NR system can be split into several BWP. For load balance, UE can be assigned to work on different BWP. From mobility perspective, UE should compare the measurement result of target cell with the measurement in current BWP, which can truly reflect the fact that whether UE can expect better performance if handover to target cell, since UE may have different measurement results (especially for quality based measurement) on different BWP and measurement on other BWP cannot exactly reflect UE current channel quality.
For UE in connected mode, the measurement object is configured per UE specifically. And network knows exactly which BWP UE is now working on. Network can also know the frequency location of SSB in target cell. Thus when configuring measurement objects in multiple SSB scenario, network can figure out whether it is an intra-frequency or an inter-frequency measurement and whether measurement gap should be provided.
Proposal 2: for UE in RRC_CONNECTED mode in multiple SSB scenario, intra and inter frequency measurement should be defined only based on the SSB configured for measurement in serving cell, following the same principle in single SSB scenario.
Therefore, the definitions of intra and inter frequency measurement in the LS [1] to RAN2 needs to be updated to cover the multiple scenario as well. Based on the discussion and proposals above, a modified definition is provided here:
Proposal 3: the definition of SSB based RRM measurement is updated as follow:
· SS block (SSB) based RRM Measurements:

· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB used for measurement currently by the UE 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 used for measurement currently by the UE 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.

Because in multiple SSB scenario, it is unclear to say “the center frequency of the SSB of serving cell”. We need to emphasize that this SSB is the one which UE camps on in RRC_IDEL and RRC_INACITVE mode. And this is the one on which UE is configured to perform measurement in RRC_CONNECTED mode. To summary, we emphasize that this is the SSB used for measurement currently by the UE. Also, once RAN4 reaches consensus on this scenario, RAN4 should send an LS to RAN2 to update our agreement.

Proposal 4: RAN2 should be informed with the updated definitions of intra and inter frequency measurement.
3. Conclusion

In this contribution we further discuss the definitions of SS block intra and inter frequency measurement in multiple SSB scenario. After discussion the following conclusions are made:

Observation 1: definitions of intra and inter frequency measurement for multiple SSB scenarios should be clearly defined. Corresponding LS to RAN2 is expected.
Observation 2: UE only needs to camp on only one SSB, even if there are multiple SSB transmitted in the serving cell.
Observation 3: forcing UE to camp on certain default or reference SSB will somehow degrade the UE access efficiency system capacity.
Proposal 1: for UE in RRC_IDLE and RRC_INACTIVE mode in multiple SSB scenario, intra and inter frequency measurement should be defined only based on the SSB where UE camps on, following the same principle in single SSB scenario.
Proposal 2: for UE in RRC_CONNECTED mode in multiple SSB scenario, intra and inter frequency measurement should be defined only based on the SSB configured for measurement in serving cell, following the same principle in single SSB scenario.
Proposal 3: the definition of SSB based RRM measurement is updated as follow:
· SS block (SSB) based RRM Measurements:

· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB used for measurement currently by the UE 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 used for measurement currently by the UE 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.

Proposal 4: RAN2 should be informed with the updated definitions of intra and inter frequency measurement.
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