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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In this paper, we discuss the gap interruption according to the newly agreed definition of MRTD for synchronous EN-DC.
2	Discussion
In last RAN4 meeting, MRTD for inter-band synchronous EN-DC was agreed to be 33us for all NR SCSs during the evening ad-hoc meeting [1] with the agreement captured in the corresponding CR [2]. In other words, there could be a 0.5/1/2/4 OFDM symbols mis-alignment between LTE and NR serving cells for SCS 15/30/60/120 KHz, respectively.
	Table 7.6.2-2 Maximum receive timing difference requirement for inter-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	
33

	15
	30
	

	15
	60
	

	15
	120
	

	Note1:      DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
Note2:      For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.






On the other hand, based on RAN2, when MN configures the gap, the timing reference is based on LTE PCell in EN-DC [3].
	Agreements
1    For gap pattern configured by MN, UE performs gap calculation based on the SFN and subframe of PCell. 
2    For gap pattern configured by SN, UE performs gap calculation based on the SFN and subframe of PSCell.
3    The configuration step of gapoffset in 36.331 is 1ms.
FFS: Gapoffset in 38.331. To be checked with RAN4.



This means that the measurement gap configured by MN may have additional interruption on 0.5/1/2/4 OFDM symbols in a slot of NR serving cells for SCS 15/30/60/120 KHz. The interruption is illustrated as the gray area in Figure 1 and Figure 2 for the beginning and end of measurement gap, respectively. 
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[bookmark: _Ref509581065]Figure 1 Gap interruption to NR serving cells for different SCS at the beginning of measurement gap
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[bookmark: _Ref509581073]Figure 2 Gap interruption to NR serving cells for different SCS at the end of measurement gap

In the following, we discuss the impact of above interruption in terms on UE demodulation.
1. At the beginning of measurement gap 
· Several symbols in the end of slot are corrupted. 
· UE can still monitor the PDCCH which is at the first OFDM symbols of the slot. Theoretically, UE can still try to decode the PDSCH. If the decoding fails, UE transmits NACK to network and asks for re-transmission. From network side, since the measurement gap configuration is known by both MN and SN, network can try to decrease the MCS level of the PDSCH to increase the chance of the successful decoding at UE. However, in practical, the exact number of corrupted OFDM symbols is not known by network due to the unknown propagation delay. Also, it is UE’s implementation to decide when to start the RF tuning at the beginning of the gap. To simplify spec requirement and also the complexity on both network and UE sides, It is preferred that UE can skip 1 slot before measurement gap for 30KHz, 60 KHz and 120KHz SCS. Similar issues happens in UL. Therefore, we prefer that the UL transmission can also be skipped.
[bookmark: _Ref509927755]Proposal 1: For gap configured by LTE PCell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on NR serving cell(s) with 30/60/120KHz SCS in the slot before measurement gap even in synchronous EN-DC.

2. At the end of measurement gap
· Several symbols in the beginning of slot are corrupted. 
· UE will have problem monitoring the PDCCH. Without reliable PDCCH decoding, UE has no idea about the DL grant and will not transmit any ACK/NACK to the network. This would lead to a more serious issue than the above case. Therefore, it is suggested that the next slot after measurement gap is dropped by UE. For simplicity, we prefer to have same rule applied to UL.
[bookmark: _Ref509927756]Proposal 2: For gap configured by LTE PCell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on NR serving cell(s) with 30/60/120KHz SCS in the slot after measurement gap even in synchronous EN-DC.

Furthermore, in some cases, PDSCH re-transmission may not help, e.g., the measurement gap (partially) collides with some important RSs such as, 
· DMRS for channel estimation in order to decode PDSCH, e.g., front loaded DMRS or additional DMRS at symbol #11 (index from #0) in the slot 
· TRS for timing and frequency tracking
· CSI-RS for beam management and CQI acquisition
· Phase tracking RS
Therefore, it is important that such collision can be avoided by proper network configurations. 
[bookmark: _Ref509927757]Proposal 3: It is important for network to avoid the collision of measurement gap with reference signals for DMRS, timing/frequency tracking, phase tracking, beam management and CQI acquisition.
3	Conclusions
In the contribution, we provide our view on the gap interruption on NR serving cells when per-UE gap is configured by LTE PCell in EN-DC. We have the following proposals:
Proposal 1: For gap configured by LTE PCell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on NR serving cell(s) with 30/60/120KHz SCS in the slot before measurement gap even in synchronous EN-DC.
Proposal 2: For gap configured by LTE PCell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on NR serving cell(s) with 30/60/120KHz SCS in the slot after measurement gap even in synchronous EN-DC.
Proposal 3: It is important for network to avoid the collision of measurement gap with reference signals for DMRS, timing/frequency tracking, phase tracking, beam management and CQI acquisition.
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