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1. Introduction
In RAN2 #100 Reno meeting, following agreements have been made:
Agreements:
1	For case of a single gap pattern that applies to both LTE and NR radios of the UE ('per UE gaps'): LTE RRC provides a single measurement gap configuration.
2	For the independent gap case where UE is able to apply a different gap pattern for LTE/FR1 and FR2:
	a/	NR RRC configures a measurement gap configuration for FR2. 
	b/ 	LTE RRC configures a measurement gap configuration for LTE and NR FR1 frequencies

Agreements:
1	In the case of per UE measurement gap configuration, MN decides the configuration and informs the SN about the configuration.
3	For the independent gap case once EN-DC is setup:
	a/	the MN should inform the measurement gap pattern configuration on FR1 to the SN
	b/ 	the MN should inform the SN that it wants to measure in FR2 frequency(ies). Some assistance information to the SN to configure the gaps is provided 
	c/ 	the SN should inform the MN that it wants to measure in NR carriers in FR1 range, if the SN has not already received a measurement gap pattern.  Some assistance information to the MN to configure the gaps is provided
FFS What assistance information is required
4	For the per UE gap case once EN-DC is setup:
	a/	the MN should inform the measurement gap pattern configuration to the SN
	b/ 	 the SN should inform the MN that it wants to measure any inter-freq carrier or intra-freq cases where gaps are required.  Some assistance information to the MN to configure the gaps is provided
In this contribution, we discuss the detail mechanism of gap calculation, and share more views on the assistance information upon gap coordination between MN and SN.
2. Gap calculation
During RAN2 #100 meeting, we agreed that for per UE gap case, the gap pattern is configured by MN (i.e. LTE); For independent gap case, the LTE/FR1 gap pattern is configured by MN (i.e. LTE), and the FR2 gap pattern is configured by SN (i.e. NR). But the detail gap calculation method has not been concluded yet.
[bookmark: _GoBack]In LTE DC, the gap pattern is always configured by MN, and the calculation of gap position in time domain is performed based on the SFN and subframe of PCell, irrespective of per-CC gap enhancement, as the defined in 36.133, during the measurement gap, UE shall not transmit any data, and is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell, PSCell, and SCell. For synchronous DC, the interruption time on MCG and SCG is same with each other, while for asynchronous DC, the interruption time on SCG will be 1ms longer than the interruption time on MCG due to the time difference between PCell and PSCell.(i.e. see figure1 below). 


Figure 1 measurement gap and interruption time in LTE
Observation 1	In LTE DC, the gap calculation is based on the SFN and subframe of PCell. 
In EN-DC, for per UE gap case, the gap is used to monitor/measure LTE frequencies, NR FR1/FR2 frequencies and other inter-RAT measurement frequencies if configured by MN or SN. Without introducing per-CC gap mechanism, in this case, each serving cell(incl LTE PCell/SCells and NR PSCell/SCells) shall not schedule UE during the gap duration. 
For independent gap case, the LTE/FR1 gap configured by MN RRC, is used to monitor/measure LTE frequencies and NR FR1 frequencies, and during LTE/FR1 gap duration, each LTE serving cells, and NR serving cells which operates on FR1 shall not schedule UE; Meanwhile, the FR2 gap configured by SN RRC is used to monitor NR FR2 frequencies, and during FR2 gap duration, each NR serving cells which operates on FR2 shall not schedule UE.
In this case, for per UE gap or independent LTE/FR1 gap, it make sense to reuse the principle in LTE that, the gap calculation can based on the SFN and subframe of PCell, and NR FR1 serving cells can derive the interruption time based on the gap pattern and SSTD result received from MN. However, for independent FR2 gap, considering it only impact the scheduling of NR FR2 serving cells, thus it is more suitable to calculate the gap position based on the SFN and subframe of PSCell(i.e. see the independent gap example in figure2 below, FR2 gap pattern is configured with MGL=5.5ms). 


Figure 2 independent gap and interruption time in EN-DC
Observation 2	In EN-DC, for independent gap case, the FR2 gap only impact the scheduling of NR FR2 serving cells. 
Proposal 1	For gap pattern configured by MN, UE performs gap calculation based on the SFN and subframe of PCell. 
Proposal 2	For gap pattern configured by SN, UE performs gap calculation based on the SFN and subframe of PSCell.
3. Consideration on gapOffset
Since RAN2 agreed that FR2 gap pattern is configured via NR RRC, according to RAN4 LS[1], the gap pattern defined for FR2 is different from LTE/FR2, i.e. with the MGL [5.5, 3.5, 1.5]ms and MGRP[20, 40, 80, 160]ms, and in RAN4’s discussion, the CSI-RS related topics have been down prioritized, so the current values are the conclusions drawn for the SSB based measurement. 
Observation 3	CSI-RS related discussion has been down prioritized in RAN4, the current gap pattern conclusions in RAN4 are based on SSB measurement . 
According to RAN1’s resource mapping design of SSB, multiple SS blocks of a given cell are transmitted within the 5ms transmission window in one period, and the actual SSB transmission duration is various among different SSB subcarrier spacing. However irrespective of the SCS of SSB, the SSB window is started at integer millisecond. and gapoffset start from integer millisecond can cover all the cases. For CSI-RS measurement, although the gap pattern is still open in RAN4, and RAN1 agreed the CSI-RS resource can be configured with “slot” offset in time domain, but UE is always required to perform SSB monitor of target cell before measuring the CSI-RS(i.e. for time reference), so for simplicity, we propose that at least in R15, adopt the 1ms step of gapoffset configuration in 38.331 as in LTE.
Proposal 3	At least in R15, the configuration step of gapoffset in 38.331 is 1ms.
4. Assistance information for gap coordination
During the last RAN2 meeting, RAN2 concluded the gap request and configuring structure between MN and SN. For per UE gap or independent LTE/FR1 gap, if SN wants gap configuration(i.e. SN has not already received a gap pattern from MN), SN should inform MN about the gap requirement with some assistant information; in the same way, for FR2 gap, if MN wants to measure FR2 frequencies, MN should inform SN about the gap requirement with some assistant information. In this section, we discussed the assistant information with may transferred via inter-Node messages.
In NR, the periodicity of SSB and CSI-RS is different from the CRS in LTE, for example, the value range of SSB resource periodicity in MeasObjectNR is [5, 10, 20, 40, 80, 160]ms, and the value range of CSI-RS resource periodicity in MeasObjectNR is [5, 10, 20, 40], but in LTE, the CRS is transmitted in each subframe. So for measuring NR frequencies, the network should assure that the RS signals of measured frequencies are covered by the gap duration. otherwise, UE is not able to measure on the target cell, see the per UE gap example in figure3, for  large SSB/CSI-RS periodicity, because the RS of Freq4 is away from other RSs, thus it’s hard to cover the all RSs by a single gap pattern. 


Figure 3 
In addition, the EN-DC UEs in one cell may have different gap capability(i.e. some support independent gap, some only support per UE gap), and the EN-DC UEs may configured with different measurements(i.e. only E-UTRAN, only FR1, only FR2...etc), so from network’s perspective, in order to support different UEs, the network should try their best to assure the RS of different frequencies are close to each other in time domain.
Observation 4	In deployment, for the measured NR frequencies configured from MN and SN, the network is required to assure the measured RSs are within a single measured window(i.e. 5~6ms) in time domain. 
Although in observation4, we suggested that, the network should assure the measured RS of different frequencies shall close to each other, but for a given UE, considering the UE may have different gap capability, and the measured frequencies may have different RS periodicity and transmission duration, it’s still make sense to send some assistant information between MN and SN, to assist the target side configure the most suitable gap pattern and gapOffset (i.e. with lowest interruption and without other physical resources impacted).
Example (see figure 4 ): 
UE1 is operating in EN-DC and support per UE gap, SN wants to configure 2 NR measurement frequencies: 
· Freq1: <3GHz, with SSB periodicity: 5ms, offset: 3; SSB is transmitted within 2ms per period;
· Freq2: <6GHz, with SSB periodicity:10ms, offset:7; SSB is transmitted within 1ms per period;  


Figure 4 example for per UE gap case in asynchronous EN-DC
Step1: SN calculates the minimum RS monitor window position which can cover the SSBs of Freq1 and Freq2, as shown in the above figure, from the view of NR PSCell, the window length is 3ms, with 10ms periodicity and offset 7;
Step2: Take the SSTD measurement result into account, SN derives the proposed minimum RS monitor window in MCG, with 4ms window length, 10ms periodicity, and offset 6;
Step3: SN send the above parameters of proposed minimum RS monitor window to MN via X2 message;  
Step4: Upon receiving the parameters, from MN’s point of view, without measuring LTE frequencies. the alternative MGRP is 20/40/80/160ms, the most suitable MGL is 4ms; for MGRP=40ms, the available gapoffset can be 6/16/26/36. Then MN can decide the final MGRP and gapoffset based on the UE’s services and other physical resources(i.e. such as LTE SR, SRS...etc) which configured to the UE. 
Observation 5	By providing the proposed RS monitor information(e.g. with lower periodicity), the target node may have more flexibility to configure a suitable gap pattern and gapOffset, which may have less impact on the other physical resources(i.e. SR, SRS...etc). 
Similar with above procedure, for independent FR1 gap and FR2 gap, we can use the similar framework for gap assistant information derivation and delivery. In addition, the granularity of SSTD measurement can be smaller than 1ms, and the actual SSB/CSI-RS transmission position offset can also be smaller than 1ms(i.e. per slot), so it’s more suitable for gap requested node to take SSTD into account. For summarize the procedure, we propose.
Proposal 4	For per UE gap case and independent FR1 gap case, when SN wants gap configuration, SN can send the configuration of “proposed minimum RS monitor window” to MN, which can include: "proposed minimum window length", "proposed minimum window periodicity" and "proposed windowOffset ", which have taken SSTD into account. 
Proposal 5	For independent FR2 gap case, when MN wants gap configuration, MN can send the configuration of “proposed minimum RS monitor window” to SN, which can include: "proposed minimum window length", "proposed minimum window periodicity" and "proposed windowOffset ", which have taken SSTD into account. 
According to the configuration of SSB/CSI-RS in RAN1, and RAN4 LS in [1]. we propose:
Proposal 6	The value range of "proposed minimum window length" is [1, 2, 3, 4, 5]ms.
Proposal 7	The value range of "proposed minimum window periodicity" is [5, 10, 20, 40, 80, 160]ms.
Proposal 8	The value range of "proposed windowOffset " is INTEGER (0.. P-1), which P is the window periodicity.

5. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposals:
Observation 1	In LTE DC, the gap calculation is based on the SFN and subframe of PCell. 
Observation 2	In EN-DC, for independent gap case, the FR2 gap only impact the scheduling of NR FR2 serving cells. 
Observation 3	CSI-RS related discussion has been down prioritized in RAN4, the current gap pattern conclusions in RAN4 are based on SSB measurement . 
Observation 4	In deployment, for the measured NR frequencies configured from MN and SN, the network is required to assure the measured RSs are within a single measured window(i.e. 5~6ms) in time domain.
Observation 5	By providing the proposed RS monitor information(i.e. with lower periodicity), the target node may have more flexibility to configure a suitable gap, which may have less impact on the other physical resources(i.e. LTE SR, SRS...). 
Proposal 1	For gap pattern configured by MN, UE performs gap calculation based on the SFN and subframe of PCell. 
Proposal 2	For gap pattern configured by SN, UE performs gap calculation based on the SFN and subframe of PSCell.
Proposal 3	At least in R15, the configuration step of gapoffset in 38.331 is 1ms.
Proposal 4	For per UE gap case and independent FR1 gap case, when SN wants gap configuration, SN can send the configuration of “proposed minimum RS monitor window” to MN, which can include: "proposed minimum window length", "proposed minimum window period" and "proposed windowOffset ", which have taken SSTD into account. 
Proposal 5	For independent FR2 gap case, when MN wants gap configuration, MN can send the configuration of “proposed minimum RS monitor window” to SN, which can include: "proposed minimum window length", "proposed minimum window period" and "proposed windowOffset ", which have taken SSTD into account. 
Proposal 6	The value range of "proposed minimum window length" is [1, 2, 3, 4, 5]ms.
Proposal 7	The value range of "proposed minimum window period" is [5, 10, 20, 40, 80, 160]ms.
Proposal 8	The value range of "proposed windowOffset " is INTEGER (0.. P-1), which P is the window period.
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(a) measurement GAP with MGL=6ms for synchronous DC in LTE


(b) measurement GAP with MGL=6ms for asynchronous DC in LTE
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