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[bookmark: _Ref462817227]Introduction
As part of the RRM measurements in NR, the UE can be aided with the SSB-ToMeasure related configuration which provides an indication to the UE as to which SSBs are expected to be measured by the UE. This configuration is applicable for RRC CONNECTED mode, RRC INACTIVE state and RRC IDLE modes.

In this contribution, we discuss the SSB-ToMeasure parameter in detail and propose to improve the wording in the RRC specification for alignment.  

[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
The configuration related to issues associated to SSB-ToMeasure are better explained using a figure, as shown in Figure 1. In this figure an example SMTC configuration for an inter-frequency measurement is shown. The start of the SMTC is based on the current PCell’s/PSCell’s frame boundary. For simplicity we have provided an SMTC of duration 5ms and all the nominal SSB locations (with 15 kHz numerology assumption) within the SMTC are shown in the figure. As shown, there can be upto 10 nominal SSB locations within the SMTC but only at most 8 of these can be used by a cell to transmit its SSBs. 
If the network wants to configure the UE with SSB-ToMeasure corresponding to SSB-1 and SSB-2 as transmitted by the cell in that frequency, there are two possible interpretations for this definition of SSB-ToMeasure.
1) The configured SSB-ToMeasure occasions are the nominal SSB locations based on the configured SMTC.
2) The configured SSB-ToMeasure occasions are the based on the actual SSB indexes.
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[bookmark: _Ref19634883]Figure 1 : An example SMTC configuration with nominal and actual SSB transmission occasions being highlighted.

[bookmark: _Toc12372235][bookmark: _Toc12372251]In the NR RRC specification, TS 38.331 (REF), the parameter SSB-ToMeasure is provided with following explanation in the field description (other places also have similar description but we have provided the most extensive one below). 
ssb-ToMeasure
The set of SS blocks to be measured within the SMTC measurement duration. The first/leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not to be measured while value 1 indicates that the corresponding SS/PBCH block is to be measured (see TS 38.215 [9]). When the field is not configured the UE measures on all SS blocks. Regardless of the value of this field, SS/PBCH blocks outside of the applicable smtc are not to be measured. See TS 38.215 [9] clause 5.1.1.

Based on the highlighted text, the configuration of ssb-ToMeasure seems to have a relation with the corresponding SMTC configuration. With this interpretation, the SSBs configured in ssb-ToMeasure seem to point at the nominal SSB locations in the SMTC window.
[bookmark: _Toc12372180][bookmark: _Toc12372201][bookmark: _Toc12372207][bookmark: _Toc20309897][bookmark: _Toc20314963][bookmark: _Toc20825343][bookmark: _Toc23865803][bookmark: _Hlk490233163]The text in the field description of ssb-ToMeasure mentions that the field provides the SSBs to be measurements within the SMTC duration thus implying some inherent relation with the SMTC configuration.
[bookmark: _Toc12372181][bookmark: _Toc12372202][bookmark: _Toc12372208][bookmark: _Toc20309898][bookmark: _Toc20314964][bookmark: _Toc20825344][bookmark: _Toc23865804]With this interpretation of the relation between SMTC and ssb-ToMeasure, the configured values can be treated as pointing to nominal SSB locations within the SMTC window.
The SMTC configuration itself is an optional feature and when the SSBs are transmitted with a periodicity of 5ms, then the SMTC need not be configured. In such scenarios, it is still beneficial from the UE perspective to know the SSB indices that it can expect on that frequency.
[bookmark: _Toc20825345][bookmark: _Toc23865805]SMTC itself is an optional feature and when SMTC is not configured, it is still beneficial from the UE perspective to know the SSB indices that it can expect on that frequency.
Therefore, in our understanding, the SSB-ToMeasure is provided per frequency and it informs the UE as to which SSB indices to expect in that frequency and there is no relation of SSB-ToMeasure with the SMTC configuration. This is further provided in the field description of SSB-ToMeasure in the MeasObject IE wherein it is explicitly stated that the SSBs so configured outside SMTC are not be measured.Regardless of the value of this field, SS/PBCH blocks outside of the applicable smtc are not to be measured. See TS 38.215 [9] clause 5.1.1.


[bookmark: _Toc20309899][bookmark: _Toc20314965][bookmark: _Toc20825346][bookmark: _Toc23865806]The number of bits used for the configuration of SSB-ToMeasure indicate that the parameter refers to the actual SSB indices to be expected on that frequency.
Additionally, when the SMTC is not configured, it makes the SSB-ToMeasure related field description confusing i.e., whether the network can configure it or not as the current description involves the SMTC in it.

[bookmark: _Toc20314966][bookmark: _Toc20825347][bookmark: _Toc23865807]The current field description makes the SSB-ToMeasure related interpretation confusing when SMTC is not configured i.e., whether the network can configure it or not as the current description involves the SMTC in it.
Consider the example network scenario and configuration shown below. In this scenario, there are two cells on a given frequency (in mid band i.e., between 3GHz and 6 GHz) which are asynchronous i.e., their frame boundary is not aligned. There are two UEs and these UEs are provided with different SMTC configurations. The UE-1 is provided with a SMTC that covers all the SSB transmissions of Cell-A and Cell-B whereas the SMTC provided to the UE-2 covers only SSB-4 and SSB-5 of Cell-A and SSB-2 and SSB-3 of Cell-2.
[image: ]
Now consider different SSB-ToMeasure configuration possibilities. 
1) SSB-ToMeasure Config-1 (11111000)
2) SSB-ToMeasure Config-2  (10100000)
3) SSB-ToMeasure Config-3  (00110000)
Different interpretation of the usage of SSB-ToMeasure (relative to SMTC start position or absolute SSBIndex) for UE-1 and UE-2 in the following table.


	Different behavior of UE-1, considering different interpretation of SSB-ToMeasure as relative (relative to SMTC) and absolute position 

	
	SSB-ToMeasure as relative position
	SSB-ToMeasure as absolute SSBIndex

	SSB-ToMeasure  (11111000)
	UE can detect SSB-1, SSB-2, SSB-3, SSB-4 and SSB-5 of Cell-A and SSB-1, SSB-2 and SSB-3 of Cell-B during the on duration of SMTC
	UE can detect SSB-1, SSB-2, SSB-3, SSB-4 and SSB-5 of Cell-A and SSB-1, SSB-2, SSB-3 and SSB-4 of Cell-B during the on duration of SMTC

	SSB-ToMeasure  (10100000)
	UE can detect SSB-1 and SSB-3 of Cell-A and SSB-1 of Cell-B during the on duration of SMTC
	UE can detect SSB-1 and SSB-3 of Cell-A and SSB-1 and SSB-3 of Cell-B during the on duration of SMTC

	SSB-ToMeasure  (00110000)
	UE can detect SSB-3 and SSB-4 of Cell-A and SSB-1 and SSB-2 of Cell-B during the on duration of SMTC
	UE can detect SSB-3 and SSB-4 of Cell-A and SSB-3 and SSB-4 of Cell-B during the on duration of SMTC



	Different behavior of UE-2, considering different interpretation of SSB-ToMeasure as relative (relative to SMTC) and absolute position 

	
	SSB-ToMeasure as relative position
	SSB-ToMeasure as absolute SSBIndex

	SSB-ToMeasure  (11111000)
	UE can detect SSB-4 and SSB-5 of Cell-A and SSB-2 and SSB-3 of Cell-B during the on duration of SMTC
	UE can detect SSB-4 and SSB-5 of Cell-A and SSB-2 and SSB-3 of Cell-B during the on duration of SMTC

	SSB-ToMeasure  (10100000)
	UE can detect SSB-4 of Cell-A and SSB-2 of Cell-B during the on duration of SMTC
	UE cannot detect any SSBs of Cell-A but can detect SSB-3 of Cell-B during the on duration of SMTC

	SSB-ToMeasure  (00110000)
	UE cannot detect any SSBs of Cell-A or Cell-B during the on duration of SMTC
	UE can detect SSB-4 of Cell-A and SSB-3 of Cell-B during the on duration of SMTC



Based on these tables, the resultant measurement result could be completely different based on the interpretation of SSB-ToMeasure. In our understanding, the SSB-ToMeasure is based on the absolute SSB-Index. However, we would like to ensure that all the UE vendors have the same interpretation. 
[bookmark: _Toc23865808]RAN2 to confirm that the SSB-ToMeasure is based on the absolute SSBIndexes.

If this confirmation cannot be made or if all the companies believe that is better to clarify this in the specification explicitly, the parts of the field description for SSB-ToMeasure can be corrected to ensure that all UEs interpret this field in the same way. This is captured in the draft CRs in [1][2].
[bookmark: _Toc20309900][bookmark: _Toc20825348][bookmark: _Toc23865809][bookmark: _Toc12372237][bookmark: _Toc12372253][bookmark: _Toc12372264][bookmark: _Toc12372273]Clarify in the field description of the SSB-ToMeasure that the configured parameter is associated to the SSBs to be measured on that frequency and remove any explicit relation to SMTC in the description.
[bookmark: _Toc20309901][bookmark: _Toc20825349][bookmark: _Toc23865810]RAN2 is requested to agree on the CR provided in [1][2]. 
[bookmark: _Toc461106288]Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365][bookmark: _Toc12372239][bookmark: _Toc12372255][bookmark: _Toc12372266]In this contribution, the following observations were captured:
Observation 1	The text in the field description of ssb-ToMeasure mentions that the field provides the SSBs to be measurements within the SMTC duration thus implying some inherent relation with the SMTC configuration.
Observation 2	With this interpretation of the relation between SMTC and ssb-ToMeasure, the configured values can be treated as pointing to nominal SSB locations within the SMTC window.
Observation 3	SMTC itself is an optional feature and when SMTC is not configured, it is still beneficial from the UE perspective to know the SSB indices that it can expect on that frequency.
Observation 4	The number of bits used for the configuration of SSB-ToMeasure indicate that the parameter refers to the actual SSB indices to be expected on that frequency.
Observation 5	The current field description makes the SSB-ToMeasure related interpretation confusing when SMTC is not configured i.e., whether the network can configure it or not as the current description involves the SMTC in it.
In this contribution, the following proposals were captured:
Proposal 1	RAN2 to confirm that the SSB-ToMeasure is based on the absolute SSBIndexes.
Proposal 2	Clarify in the field description of the SSB-ToMeasure that the configured parameter is associated to the SSBs to be measured on that frequency and remove any explicit relation to SMTC in the description.
Proposal 3	RAN2 is requested to agree on the CR provided in [1][2].
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