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Introduction
UE behavior during measurement outside measurement gap was discussed in RAN4 AH 1801. The following agreement was captured in WF [1] which is duplicated below:
	Agreements:
Within a SMTC window which is not overlapped with measurement gap in non-CA case:
· In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:
· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and [1] symbol after each consecutive SSB symbols within SMTC window duration if useServingCellTimingForSync is enabled
· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled
· In FR2 intra-frequency SS-RSRP/SINR measurement:
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols within SMTC window duration (assuming that useServingCellTimingForSync is always enabled for FR2)
· In FR2 intra-frequency SS-RSRQ measurement:
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration (assuming that useServingCellTimingForSync is always enabled for FR2)
· Note: whether or not to define specific behavior for rate matching around above symbols is up to RAN1
· [bookmark: OLE_LINK12]Note: RAN4 needs to check if cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133 when useServingCellTimingForSync is enabled
· Regarding the value of “X”,
· Option 1: X = [1]
· Option 2: Companies are encouraged to investigate the value of X. If it is identified that X needs to be large value e.g., more than 4, following alternative solutions should be considered
· SMTC-based solution, i.e., all symbols within SMTC window are not available for data transmission/reception
· SSB-slot-based solution, i.e., all symbols within slot(s) containing SSB are not available for data transmission/reception


So there are several issues are still left open. In this contribution we provide our opinions on these open issues.
Clarification of “X symbols” in WF [1]
In last RAN4 meeting an agreement is reached that SSB-based solution and SMTC-based solution will be used for intra-frequency in FR2 and in FR1 when UE do not have the capability to handle the SSB/data mix numerology. If useServingCellTimingForSync is not enabled, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH during the whole SMTC window. If useServingCellTimingForSync is enabled, UE is not expected PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, RSSI measurement symbols, and X symbol before and after each consecutive SSB/RSSI symbols within SMTC window duration. In FR1, X is chosen to be 1, while in FR2, the value of X is still TBD.
Before discussing the value of X in detail, it is necessary to clarify the meaning of the “X symbols” mentioned in the sentence “X symbol before and after each consecutive SSB/RSSI symbols”. Does the X symbols before and after the SSB mean X OFDM symbols with same SCS as SSB or X OFDM symbols with same SCS as data? Because the data SCS and SSB SCS may not be the same. So the meaning of “X symbols” is somehow ambiguous. Actually, both understandings are ok. But we need to clarify the understanding of “X symbols”. Because it not only affects the understanding the agreement already reached for FR1, but also affects the discussion of the value of “X” for FR2. From the context of WF [1], it seems that X symbols should be referred to X symbols with same SCS as SSB. So we propose:
Proposal 1: The “X symbols” in WF [1] is clarified as “X symbols with same SCS as SSB”.
Discussion on usingServingCellTimingForSync 
In [1], whether SSB-based solution or SMTC-based solution should be used is determined by whether the parameter usingServingCellTimingForSync is enabled or not. To our knowledge, this parameter was introduced in RAN1 ​​Qingdao meeting. The main purpose of introducing this parameter is to reduce the complexity of neighbor cell measurement. In one SSB based measurement, UE needs to determine the signal strength/quality and the timing of neighbor cell based on SSS. Furthermore, UE also need to acquire the index of the measured SSB by decode PBCH of the neighbor cell. This is power consuming. So RAN1’s solution is to introduce parameter usingServingCellTimingForSync. When this parameter is enabled, UE can assume that the measured cell and serving cell are synchronous, and UE can directly derive the SSB index of the neighbor according to the SSB index of the serving cell without decoding PBCH of the neighbor cell.
However, RAN1 doesn’t give the exact value that the receiving timing difference between serving cell and neighbor cell to meet when usingServingCellTimingForSync is enabled. In the discussion during the last RAN4 meeting companies agrees that defining the requirement to meet when usingServingCellTimingForSync is enabled is RAN4’s work. So here we provide our understanding about it.
According to 38.214, the candidate positions of the SSB in the half-frame in which it is located are shown in fig 1. 

Figure 1 candidate position of SSB in each subframe of the half-frame it located in
So the minimum timing difference between the first symbols of two SSBs is given by 
	Case 
	A
	B
	C
	D
	E

	minimum timing difference between the first symbols of two SSBs (in OFDM symbols)
	6 
	4 
	6 
	4 
	4 


Table 1 minimum timing difference between the first symbols of two SSBs in each case
To minimize the probability of deriving wrong SSB index, minimum-timing-difference criteria should be used. In other words, the measured neighbor cell SSB should use the index of the serving cell SSB whose first symbol is nearest with its first symbol as its SSB index. In order to derive the correct index, it is needed to ensure that the receiving timing difference between serving cell and neighbor cell does not exceed the half of the minimum time difference shown in table 1. Which is given in table 2. So two OFDM symbols seems to be enough for all cases.
	Case 
	A
	B
	C
	D
	E

	Allowed maximum timing difference to derive SSB index of neighbor cell from SSB index of serving cell (in OFDM symbols)
	3 
	2
	3 
	2 
	2 


Table 2 Allowed maximum timing difference to derive index of neighbor cell from index of serving cell each case
Observation 1: In order to correctly derive the SSB index of the neighbor cell from the SSB index of the serving cell, the timing difference between these two cells should be less than two SSB OFDM symbols.
Based on the above two observations, we propose:
Proposal 2: RAN4 needs to discuss the exact definition of usingServingcellTimingForSync. Its definition should at least include:
- the timing difference between serving cell and neighbor cell should be less than two SSB OFDM symbols.
- …
Discussion on value of “X” for FR2
Now let’s discuss the value of X for FR2, the value of X should consider the following factors: 
MRTD. The MRTD for inter-band synchronous EN-DC is still TBD so far, and for intra-band synchronous EN-DC, In last RAN 4 meeting we have the following agreement:
	Agreements:
· Intra-band EN-DC
· MRTD requirement will be defined as [3]µs



Rx beam switching time. For FR2, UE is expected to use analog beamforming for receiving. When the SSB to measure and data correspond to different Rx beam directions, time should be reserved for Rx beam switching. This time is about 300ns.
[bookmark: OLE_LINK34]AGC stabilization time. UE can calculate AGC parameters before measurement since measurement is typically periodic. However, it still takes some time for AGC to stabilize. This time is about 1.5us.
So in the worst case shown in fig. 2 the value of X should be large enough to cover all three factors above so a total of 4.8us is needed. As a result, 2 symbols is needed for 240K SCS. Considering the margin for implementation, X should at least be 3. So it means there will almost be none symbols left for UL/DL transmission if we reserve SSB/RSSI symbols plus X symbol before and after SSB/RSSI symbols. Not to mention that SSB-based brings PDSCH rate-matching problem so it has impact on RAN1’s work. At this point of time it is unnecessary to increase the burden of RAN1. So the slot-based solution which does not have the rate-matching problem seems to be a good tradeoff between implementation complexity and performance.


Figure 2 demonstration when SSB index of neighbor cell can be derived based on the index of serving cell

Proposal 3： SSB-slot-based solution should be used for FR2.
Conclusion
In this contribution we provide our view on UE behavior during measurement outside measurement gap. After discussion, the following observations and conclusions are made:
Proposal 1: The “X symbols” in WF [1] is clarified as “X symbols with same SCS as SSB”.
Observation 1: In order to correctly derive the SSB index of the neighbor cell from the SSB index of the serving cell, the timing difference between these two cells should be less than two SSB OFDM symbols.
[bookmark: _GoBack]Proposal 2: RAN4 needs to discuss the exact definition of usingServingcellTimingForSync. Its definition should at least include:
- the timing difference between serving cell and neighbor cell should be less than two SSB OFDM symbols.
- …
Proposal 3： SSB-slot-based solution should be used for FR2.
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