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Introduction
Merging MOs configured for the same carrier frequency by MN and SN has already been discussed for several meetings in RAN4. The agreements reached are listed as follows:
	RAN4 #87 Agreements: 
When the E-UTRA PCell and PSCell configure the same NR carrier frequency layer to be monitored by the UE, this layer shall be counted only once to the total number of effective carrier frequency layers, unless the configured NR carrier frequency layers to be monitored have different subcarrier spacing or different RSSI measurement resources.
· FFS when the E-UTRA PCell and PSCell configure the same NR carrier frequency layer to be monitored, whether this layer shall be counted only once under the condition that the UE is configured with differences in SMTC configurations or different useServingCellTimingForSync indications
RAN4 AH1807 Agreements: 
· Two MOs with different useServingCellTimingForSync indication.
· counted as two layers
· Apply for 38.133


So the only issue left open is whether Two MOs can be merged when SMTC is the same or different. In this contribution, we continue to discuss this issue.
Discussion on the impact of timing difference between PCell and PSCell on MOs merging
In the discussions during previous RAN4 meetings, the principle of determining whether two MOs for the same carrier frequency can be merged is reached. The principle is, in general, that two MOs can be counted as one only if the measurement on the merged MO at least doesn’t bring any additional work comparing with one of the two original MOs, otherwise they should be counted as two. In our opinion ther principle makes sense. The following discussion will be built on this base.
When discussing the impact of SMTC on MO merging, there is another important and closely related factor needs to be considered: the timing reference of SMTC. According to 36.331 and 38.331, the timing references for the NR inter-RAT measurement configured by LTE PCell and the NR measurement configured by NR PSCell are PCell and PSCell, respectively.
	38.331：
[bookmark: _Toc510018525]5.5.2.10	Reference signal measurement timing configuration
The UE shall setup the first SS/PBCH block measurement timing configuration (SMTC) in accordance with the received periodicityAndOffset parameter (providing Periodicity and Offset value for the following condition) in the smtc1 configuration. The first subframe of each SMTC occasion occurs at an SFN and subframe of the NR SpCell meeting the following condition:
36.331：
[bookmark: _Toc518998545]5.5.2.13	NR measurement timing configuration
The UE shall setup the first SS/PBCH block measurement timing configuration (SMTC) in accordance with the received periodicityAndOffset parameter in the MTC-SSB-NR configuration i.e., the first subframe of each SMTC occasion occurs at an SFN and subframe of the PCell meeting the following condition:


According to 38.133, the MRTD under asynchronous EN-DC may be up to 500 us (inter-band async EN-DC case), so even if the MOs configured by the PCell and the PSCell have the same SMTC configuration, due to the difference of timing reference, SSB can be measured when using SMTC of PCell and SSB can be measured when using SMTC of PSCell may be different. 
Figure 1 is an example of async EN-DC. In this example we assume that the reception timing difference between PCell and PSCell is 500 us. The SMTC configured by PCell and PSCell has the same offset and period and duration. Furthermore, SMTC duration is 1ms. Then UE can measure the SSBs in the time interval  when using PSCell as timing reference, and UE can measure the SSBs in the time interval  when using PCell as timing reference. SSBs measured under two SMTCs are not the same. If we treat these two MOs as one, the duration of the SMTC of the merged MO is equivalent to 1.5ms rather than 1ms. Obviously, there is additional works comparing with any one of the two MOs.


Fig.1 Demonstration of async EN-DC

Oberservation 1: reception timing difference between PCell and PSCell has impact on the SSB can be measured even SMTCs configured by PCell and PSCell are the same for async EN-DC case
For sync EN-DC case, MRTD can be up to 33us (inter-band sync EN-DC case), which equals to the length of half a OFDM symbol with 15KHz SCS. As a result, reception timing difference between PCell and PSCell has no impact on the SSB can be measured if SMTCs configured by PCell and PSCell are the same. Because SSBs transmitted is every SSB-burst half-frame is at least 33us away from subframe boundary (depicted in figure 2). 


Fig.2 Demonstration of sync EN-DC
Oberservation 1: reception timing difference between PCell and PSCell has no impact on the SSB can be measured if SMTCs configured by PCell and PSCell are the same for sync EN-DC case.
So we propose:
Proposal 1: MOs configured by MN and SN should be counted as two for async EN-DC case.
Discussion on the impact of SMTC on MOs merging
Only sync EN-DC case will be consider in the following discussion.
In our opinion, measurements on merged MO without additional work comparing with one of two MOs means that one SMTC is the subset of the other. Otherwise, there will be always additional works. For sake of simplify, Denote the duration, offset and periodicity of SMTC #1 as ,   and  respectively, and the duration, offset and periodicity of SMTC #2 as ,   and  respectively. Without loss of generality, assume . So a slot i belongs to SMTC #1 if 

and a slot i belongs to SMTC #2 if

In order to make SMTC #2 a subset of SMTC #1 the following conditions should be satisfied:



where  is integer.


Fig.3 Demonstration of merging conditions
Fig.3 is an example used to demonstrate above conditions. Assume a case there are four different SMTC configurations:
SMTC #1: 5ms duration, 40ms periodicity, 20ms offset;
SMTC #2: 3ms duration, 80ms periodicity, 20ms offset;
SMTC #3: 3ms duration, 80ms periodicity, 60ms offset;
SMTC #4: 3ms duration, 160ms periodicity, 22ms offset.
It is straightforward to observe that SMTC #2 ~ #4 are the subsets of SMTC #1. So UE can treat any one among SMTC #2 ~ #4 and SMTC #1 as one if they are configured by PCell and PSCell respectively. 
Proposal 2: For sync EN-DC case, the MOs configured for the same carrier frequency by MN and SN can not be considered as one if the SMTC of one MO is not a subset of the SMTC of the other MO. To be more specific, the MOs configured for the same carrier frequency by MN and SN can not be considered as one if the following conditions are not satisfied:



Where ,  and  is the periodicity, duration and offset of the SMTC with smaller periodicity,  is integer.
Conclusion
In this contribution some remain issues on MO merging are discussed. The following proposal is given. 
Proposal 1: MOs configured by MN and SN should be counted as two for async EN-DC case.
Proposal 2: For sync EN-DC case, the MOs configured for the same carrier frequency by MN and SN can not be considered as one if the SMTC of one MO is not a subset of the SMTC of the other MO. To be more specific, the MOs configured for the same carrier frequency by MN and SN can not be considered as one if the following conditions are not satisfied:



Where ,  and  is the periodicity, duration and offset of the SMTC with smaller periodicity,  is integer.
Reference
[1] 36.331
[2] 38.331
[3] 38.133
image2.emf
1ms

……

……

……

……

SMTC

SMTC

Case A

Case B

Case C

Case D

Case E

PSCell 

timing

PCell 

timing

……

……

SSBs can be measured when using PCell or PSCell as timing reference are same in sync EN-DC case if MOs 

configured by MN and SN has the same SMTC configuration

33us


Microsoft_Visio_Drawing2.vsdx
1ms
……
……
……
……
SMTC
SMTC
Case A
Case B
Case C
Case D
Case E
PSCell timing
PCell 
timing
……
……
SSBs can be measured when using PCell or PSCell as timing reference are same in sync EN-DC case if MOs configured by MN and SN has the same SMTC configuration
33us



image3.emf
Timing 

reference

20ms

80ms

2ms

40ms

80ms

160ms

SMTC #1

SMTC #2

SMTC #3

SMTC #4

5ms

3ms


Microsoft_Visio_Drawing3.vsdx
Timing reference
20ms
80ms
2ms
40ms
80ms
160ms
SMTC #1
SMTC #2
SMTC #3
SMTC #4
5ms
3ms



image1.emf
1ms

……

……

……

……

SMTC

SMTC

Case A

Case B

Case C

Case D

Case E

PSCell 

timing

PCell 

timing

……

……

SSBs in the first 0.5ms can not be measured when using PCell as timing reference even MOs configured by 

MN and SN has the same SMTC configuration in async EN-DC case

``

0.5ms


Microsoft_Visio_Drawing1.vsdx
1ms
……
……
……
……
SMTC
SMTC
Case A
Case B
Case C
Case D
Case E
PSCell timing
PCell 
timing
……
……
SSBs in the first 0.5ms can not be measured when using PCell as timing reference even MOs configured by MN and SN has the same SMTC configuration in async EN-DC case
``
0.5ms



