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1 Introduction
At the last RAN2/4 meetings, RAN2 agreed to introduce SSTD (SFN and subframe timing difference) measurement in Rel.15 [1] and RAN4 also agreed that all UEs support asynchronous LTE-NR dual connectivity [2]. In order to configure NR PSCell, network needs to know the information of detectable NR cell for the UE, and hence network needs to configure NR cell measurement with SMTC. However, assuming no timing information about candidate NR PScell(s) at LTE PCell due to asynchronous operation, network cannot set appropriate SMTC window timing for NR cell measurement. SSTD measurement, which was introduced in Rel.13 LTE-DC, would be helpful for LTE-NR DC to obtain timing information about PSCell, but based on the current LTE specification the SSTD measurement can be performed only after PSCell is configured. In this contribution, we provide our view on SSTD measurement for asynchronous LTE-NR DC.
2 Discussion
As described in previous section, since RAN4 agreed that all UEs support asynchronous dual connectivity [2], RAN4 needs to define the requirements for asynchronous DC, e.g., regarding single switched UL and measurement gap [3] [4]. In addition, one of the important features for asynchronous DC is SSTD measurement, as agreed in RAN2 [1] and as supported in Rel.13 LTE-DC. The SSTD measurement for LTE-DC can be performed after PSCell is configured, so it is applicable for RRC_CONNECTED intra-frequency [5]. Since UE can perform inter-frequency measurement on PSCell candidates without measurement timing configuration, network does not need to know timing difference information before PSCell is activated. In other words, since LTE-SS is sent every 5ms, UE can detect LTE-SS within 6ms length of measurement gap even if serving and target cell are asynchronous (Fig.1).

Observation 1: For LTE-DC, since UE can perform inter-frequency measurement on PSCell candidates without measurement timing configuration, network does not need to know timing difference information before PSCell is activated. In other words, since LTE-SS is sent every 5ms, UE can detect LTE-SS within 6ms length of measurement gap even if serving and target cell are asynchronous.
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Figure 1: Asynchronous LTE DC case


[bookmark: _GoBack]In case of LTE-NR DC, NR-SS transmission periodicity, i.e., SS burst set periodicity, is configurable from 5ms to 160ms and the length of SS burst set depends to the number of SS blocks. When UE performs inter-RAT NR measurements to detect PSCell candidates, network has to configure SMTC including measurement window timing, duration and periodicity in accordance with SS burst set periodicity and the length of SS burst set. In addition, since it is inter-RAT measurement, measurement gap would also be necessary. If LTE serving cell and NR target cell(s) are synchronous or network has the information of SFN and subframe timing difference between those cells, SMTC window and measurement gap can be configured appropriately so that SMTC window and gap with less than 5 or 6 ms could cover actual SS burst set transmission timing. However, in asynchronous LTE-NR DC case, network cannot configure appropriate SMTC window and measurement gap timing without SSTD information between LTE serving cell and candidate NR cell(s). Therefore, inter-RAT SSTD measurement before PSCell is configured shall be defined for asynchronous LTE-NR DC.

Observation 2: In asynchronous LTE-NR DC case, network cannot configure appropriate SMTC window and measurement gap timing without SSTD information between LTE serving cell and candidate NR cell(s). Since SS burst set periodicity can be longer than 5 ms, timing of measurement gap with 6 ms length needs to be aligned with timing of actual SS burst set transmission of candidate NR cell(s).

Proposal 1:Inter-RAT SSTD measurement before PSCell is configured shall be defined for asynchronous LTE-NR DC.

However, RAN4 should discuss how to perform inter-RAT SSTD measurement before PSCell is configured. Since the SFN and frame/slot boundary timings of NR candidate cell is derived by detecting SS block, the SSTD measurement itself needs measurement timing configuration. But as we explained above, it is difficult to configure appropriate measurement timing since there is no information of SSTD. In order to solve this issue, 2 solutions could be considered. One solution is that based on SS burst set periodicity of target NR cell(s), network configures special long measurement gap for inter-RAT SSTD measurement. Another solution is that UE performs inter-RAT SSTD measurement without measurement gap. It means that inter-RAT SSTD measurement is considered as intra-frequency measurement even though any NR cell has not been configured yet.

Observation 3: For inter-RAT SSTD measurement, following options could be considered:
· Option 1: Based on SS burst set periodicity of target NR cell(s), network configures special long measurement gap for inter-RAT SSTD measurement and UE performs inter-RAT SSTD measurement with such special measurement gap.
· Option 2: UE performs inter-RAT SSTD measurement without measurement gap.

Figure 2 shows example of Option 1. In case of this example, 160ms + retuning time (e.g., 0.5ms or 1ms) is needed as MGL for the special measurement gap. Since it is too long gap and measurement gap ID may need to be expanded, which leads to RAN2 impact, so it would not be preferable option. Of course, 160 ms gap duration on serving cells would cause many problems.
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Figure 2: Example of Option 1 for asynchronous LTE-NR DC

On the other hand, Option 2 is better than Option 1 since UE can keep data transmission and reception on serving cell(s) thanks to no measurement gap. Even if some interruptions are occurred when RF for PSCell measurement is activated, this impact would be smaller than impact of special measurement gap in Option 1. Therefore, Option 2 should be considered as baseline for inter-RAT SSTD measurement. 

Proposal 2: It should be considered as baseline that inter-RAT SSTD measurement is performed without measurement gap.

3 Conclusion
In this contribution, we provided our view on the necessity of SSTD measurement for asynchronous LTE-NR DC. Our observations and proposals are as follows:

Observation 1: For LTE-DC, since UE can perform inter-frequency measurement on PSCell candidates without measurement timing configuration, network does not need to know timing difference information before PSCell is activated. In other words, since LTE-SS is sent every 5ms, UE can detect LTE-SS within 6ms length of measurement gap even if serving and target cell are asynchronous.

Observation 2: In asynchronous LTE-NR DC case, network cannot configure appropriate SMTC window and measurement gap timing without SSTD information between LTE serving cell and candidate NR cell(s). Since SS burst set periodicity can be longer than 5 ms, timing of measurement gap with 6 ms length needs to be aligned with timing of actual SS burst set transmission of candidate NR cell(s).

Proposal 1:Inter-RAT SSTD measurement before PSCell is configured shall be defined for asynchronous LTE-NR DC.

Observation 3: For inter-RAT SSTD measurement, following options could be considered:
· Option 1: Based on SS burst set periodicity of target NR cell(s), network configures special long measurement gap for inter-RAT SSTD measurement and UE performs inter-RAT SSTD measurement with such special measurement gap.
· Option 2: UE performs inter-RAT SSTD measurement without measurement gap.

Proposal 2: It should be considered as baseline that inter-RAT SSTD measurement is performed without measurement gap.
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