[bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #89	R4-1815558 
Spokane, USA, 12th – 16th Nov., 2018

Agenda item:		7.11.3.2.2
Source:	MediaTek Inc. 
Title:	Discussion on dual SMTC periodicities 
Document for:		Discussion 
1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #88-Bis meeting, the Wayforward discusses the issue of dual SMTC periodicity is agreed [1]. 
	· In RAN4#88bis, the focus shall be on completing work assuming single intra-frequency SMTC for scaling factors for requirements for
· Measurement objects measured within gaps (e.g. CSSFwithin_gap,i ) including measurement gap sharing with inter-frequency/interRAT measurement objects
· Intra frequency Measurement objects measured outside gaps (e.g. CSSFoutside_gap,i) including measurements with one or more Scells.
· For RAN4#89, companies are invited to provide input on how the agreements for single SMTC may be extended to cover the case of dual intra-frequency SMTC.
· Four scenarios are provided for further evaluation. Investigation of other scenarios is not precluded



In this paper, we provide our viewpoint on dual SMTC periodicities. 
2	Requirements regarding 2 SMTC periodicities
For intra-frequency CONNECTED mode measurement, UE can be configured with 2 SMTC with different periodicities. The RRC signaling is already provided in measurement object (MO) in TS38.331 through smtc1 and smtc2. In the MO, smtc2 is optional. If smtc2 is provided, a PCI list will also be signaled to inform UE of which cell(s) is associated with this short periodicity. For all the other cells not listed in the PCI list, UE assumes their SMTC periodicity following smtc1. To simplify the following discussion, the group of cell provided in the cell list is call cell group 2, while the other cells belong on cell group 1.
In current TS38.133 spec, the measurement requirement is cell-specified. One example is provided in Table 9.2.5.1-1 as below. 
· If a cell in cell group 2 is detected, its requirement follows smtc2 (shorter periodicity). 
· If a cell in cell group 1 is detected, its requirement follows smtc1 (longer periodicity). 
The benefit of introducing dual SMTC periodicities is to prioritize cell group 2 with shorter measurement period and thus better mobility performance.
Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max[ 600ms, ceil( [5] x Kp) x SMTC period x CSSFintra ]Note 1

	DRX cycle≤ 320ms
	max[ 600ms, ceil(1.5x [5] x Kp) x max(SMTC period,DRX cycle) x CSSFintra ] 

	DRX cycle>320ms
	Ceil([5] x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



If UE performs cell search based on smtc1, it is guaranteed that neighboring cells in both cell groups can be found. In other words, even though UE detects no cells in cell group 2, UE may still detect cells in cell group 1. However, if UE performs cell search based on smtc2, it is not guaranteed that neighboring cells in both cell groups can be found. Below we discuss 2 different scenarios provided in agreed WF [1].

	Scenario 1: UE performs type A/B measurement with dual SMTC completely outside of measurement gap pattern (e.g. no measurement gaps are configured)
Scenario 3: Measurement gaps are configured such that they are fully overlapping with SMTC1 and partially overlapping with SMTC2.



· Scenario 1 (as shown in Figure 1): 
· For Intra-F0 measurement requirement, as shown in Figure 1: UE can search cells based on smtc2. Since SMTC occasions w.r.t. smtc2 is a superset of those w.r.t. smtc1. It is possible to detect cells in group 1, even if none in group 2 is detected.  
· To allow cell search based on smtc2 Intra-F0, the calculation of CSSF of other impacted L3 mobility measurement requirements (e.g., measurements in other intra-frequency, inter-frequency and inter-RAT layers) should assume that smtc2 is in use for Intra-F0.
 In this scenario, UE can concurrently detect cells in both cell groups based on smtc2. The additional signaling of smtc2 has its benefit and allows UE to prioritize cells in cell group 2. In the meanwhile, UE do not loss the opportunity to detect the cells in group 1.  
[image: ]
Figure 1: UE performs type A/B measurement with dual SMTC completely outside of measurement gap pattern (no measurement gaps are configured)
       
· Scenario 3 (as shown in Figure 2): 
RAN4 already agreed 5 measurement scenarios which limit the UE measurement behavior.
· If UE searches cells based on smtc2, considering that the SMTC occasions are partially overlapped with MG, UE shall conduct the requirement only outside MG. 
· If UE searches cell based on smtc1, considering that the SMTC occasions are fully overlapped with MG, UE shall conduct the requirement only within MG.  
 Clearly, in this scenario, UE cannot detect cells in both groups based on smtc2. Losing the chance to detect cells in group 1 could lead to a serious mobility issue because there are at most 64 cells (according to maxNrofPCIsPerSMTC) in group 2, but at least 944 cells in group1. Always assuming smtc2 in this scenarios is problematic. 
[bookmark: _Ref528715182]Observation 1: Whether the design of dual SMTC periodicities is feasible depends on scenarios, which are determined by the SMTC periodicities and measurement gap configuration. 

[image: ]
Figure 2: Measurement gaps are configured such that they are fully overlapping with SMTC1 and partially overlapping with SMTC2

To allow UE to detect cells from both cell groups in scenario 3, UE has to perform cell search both outside gap and within gap. This is a new UE behavior not yet concluded in previous RAN4 meeting and not addressed in spec, either. Furthermore, it requires further relaxation to the requirements of other impacted L3 mobility measurement. As shown in below diagram where F1 and F2 are impacted by the selection of smtc1/2 in F0:
· For intra-F1, (assume that this intra-freq. is only configured with one SMTC periodicity) the calculation of CSSFoutside_gap,i should assume that smtc2 is used in Intra- F0
· For inter-F2, the calculation of CSSFwithin_gap,i should assume that smtc1 is used in Intra- F0
In other words, an intra-frequency layer under Scenario 3 may be considered currently in the calculation of both CSSFoutside_gap,i and CSSFwithin_gap,i.

[image: ]
Figure 3: Measurement gaps are configured such that they are fully overlapping with SMTC1 and partially overlapping with SMTC2. Besides, 2 other impacted frequency layers are configured. One is fully overlapping and one is fully non-overlapping with Measurement gaps

Only if above rules are applied, UE can obtain sufficient opportunities to concurrently collect SSBs from both cell groups for Intra- F0, and the benefit of dual SMTC periodicities design can exist. That is why we propose the so-called scenario-based rule in our previous paper [2]. The principles are shown as follows:
Scenario-based rules:
· When calculating of carrier-specific scaling factor for requirements of other impacted L3 mobility measurement, the selection of the SMTC periodicity of the intra-frequency layer configured with both smtc1 and smct2 is based on Table 1

Table 1: SMTC periodicity that other impacted L3 mobility measurement assumes based on
 the collision status between SMTC occasions of the intra-frequency layer configured with both smtc1 and smct2 and MG.
	Selected SMTC periodicity used to calculate CSSF of other L3 MOs
	Smtc2 of intra-freq.

	
	Fully overlapped with MG
	Partially overlapped with MG
	Fully 
non-overlapped with MG

	Smtc1 of intra-freq. 
	Fully overlapped with MG
	Only meas. within MG with smtc2
	meas. within MG with smtc1 and meas. outside MG with smtc2
	N/A

	
	Partially overlapped with MG
	N/A
	Only meas. outside MG with smtc2
	N/A

	
	Fully non-overlapped with MG
	N/A
	Only meas. outside MG with smtc2
	Only meas. outside MG with smtc2



[bookmark: _Ref528715187]Observation 2: The design of dual SMTC periodicities only has benefit when scenario-based rule is used to specify the requirements of other impacted L3 mobility measurement.

How to specify the requirements of intra-frequency measurement requirements on the frequency layer with dual SMTC periodicities (category A defined in our previous paper [2]) is another issue. Based on current spec, measurement requirement w.r.t a detected cell is based on smtc2 if it is in the PCI list and based on smtc1 if it is not in the PCI list, that principle is fine.  

If RAN4 can agree to use scenario-based rule to specify the requirement of other impacted L3 mobility measurement (Category B1 defined in our previous paper [2]), the next problem is how to capture the principles in the spec. Below we use another example to explain the details. As shown in Figure 4, it is a case of Scenario 3 where intra-F0 itself is configured with dual SMTC periodicities and simultaneously impacted by intra-F1. For intra-F0, current reporting delay in spec is shown as follows:
max[ 600ms, ceil( [5] x Kp) x SMTC period x CSSFintra ] 

· For detected cell in group 2, the measurement requirement uses 
· STMC period = smtc2, 
· Here Kp=1 because of that UE is assumed to perform cell search both outside gap and within gap, which violates the current spec and needs additional specification .
· Here CSSFintra may be set as the maximum among CSSFoutside_gap,i and CSSFwithin_gap,i, Besides, CSSFwithin_gap,i is calculated with the assumption that intra-F1 is detected with smtc1 and CSSFoutside_gap,i is calculated with the assumption that intra-F1 is detected with smtc2. Above principles violate the current spec and need additional specification.
· For detected cell in group 1, the measurement requirement uses 
· STMC period = smtc1, 
· Here Kp=1 because of that SMTC occasions are fully overlapped with MG.
· Here CSSFintra follows CSSFwithin_gap,i with the assumption that intra-F1 is detected with smtc1, which is not included in the current spec and needs additional specification. 

[image: ]
Figure 4: Measurement gaps are configured such that they are fully overlapping with SMTC1 and partially overlapping with SMTC2. Besides, 1 other inter frequency layers are configured


As we explain in above example, it is difficult to modify both the counting rules of carrier-specific scaling factor and requirements of intra/inter-freq. measurement to facilitate dual SMTC periodicities in all cases without breaking the agreed rules and spec structure. 
[bookmark: _Ref528945396]Observation 3: It is difficult to modify both the counting rules of carrier-specific scaling factor and requirements of intra/inter-freq. measurement to facilitate dual SMTC periodicities in all cases without breaking the agreed rules and spec structure.

Considering that current spec is already complicated, RAN4 might not be able to complete all the needed changes. We suggest below 2 possible options to deal with the dual SMTC periodicities  
[bookmark: _Ref528945132][bookmark: _Ref528715157]Proposal 1: RAN4 to consider the spec impact of implementing the design of dual SMTC periodicities and choose solution from below 2 options 
· Option 1: Preclude Scenario 3, only define requirements in other cases. 
· Option 2: Define requirements without considering the dual SMTC periodicities in rel-15. 
3	Summary 
In this contribution, we observe that
Observation 1: Whether the design of dual SMTC periodicities is feasible depends on scenarios, which are determined by the SMTC periodicities and measurement gap configuration.
Observation 2: The design of dual SMTC periodicities only has benefit when scenario-based rule is used to specify the requirements of other impacted L3 mobility measurement.
Observation 3: It is difficult to modify both the counting rules of carrier-specific scaling factor and requirements of intra/inter-freq. measurement to facilitate dual SMTC periodicities in all cases without breaking the agreed rules and spec structure.
And we propose
Proposal 1: RAN4 to consider the spec impact of implementing the design of dual SMTC periodicities and choose solution from below 2 options 
· Option 1: Preclude Scenario 3, only define requirements in other cases. 
· Option 2: Define requirements without considering the dual SMTC periodicities in rel-15.
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5	Appendix A 
The choice of SMTC periodicity should depends on whether it is overlapped with MG or not. We then list all possible combinations as follows:

1. smtc1 (1a1b) and smtc2(1a1b):
     [image: ]
2. smtc1 (1a1b) and smtc2(2a2b):
[image: ]
3. smtc1 (1a1b) and smtc2(3a3b): no such case exist
     [image: ]
4. smtc1 (2a2b) and smtc2(1a1b): no such case exist
     [image: ]
5. smtc1 (2a2b) and smtc2(2a2b):
     [image: ]
6. smtc1 (2a2b) and smtc2(3a3b): no such case exist
[image: ]
7. smtc1 (3a3b) and smtc2(1a1b): no such case exist
    [image: ]
8. smtc1 (3a3b) and smtc2(2a2b):
[image: ]
9. smtc1 (3a3b) and smtc2(3a3b):
    [image: ]
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