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Discussion and Decision
1      Introduction
In RAN2#88 meeting, how to handle measurement gap in SCG was discussed in contribution [1]. During online discussion, many companies thought that the new RRC signaling to indicate 6 ms or 7 ms measurement gap length for SCG is not needed. The issue was then discussed in user plane and the conclusion was to wait for RAN4 decision.

In this contribution, we discuss how to handle measurement gap based on latest RAN4 progress. 
2      Discussion
2.1     Measurement gap interruption for SCG and UE behavior
RAN4 made progress in last meeting (RAN4#73) regarding measurement gap. The relevant part in latest RAN4 specification TS 36.133 [2] is copied below.

	8.1.2.1
UE measurement capability

… (Text omitted) …
If the UE supporting dual connectivity is configured with PSCell, during the total interruption time as shown in Figure 8.1.2.1-1, the UE shall not transmit and receive any data in SCG.

In the uplink subframe occurring immediately after the measurement gap,

-
if the following conditions are met then it is up to UE implementation whether or not the UE can transmit data:
-
all the serving cells belong to E-UTRAN TDD;

-
if the subframe occurring immediately before the measurement gap is an uplink subframe. 
-
Otherwise the UE shall not transmit any data.
… (Text omitted) …

NOTE 2:
A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap among MCG serving cells subframes. 

NOTE 3: 
MGL is the time from start of tuning to end of retuning, which is aligned between MCG and SCG.
NOTE 4: 
The total interruption time on SCG is 6 subframes for synchronous dual connectivity, and the total interruption time on SCG is 7 subframes for asyncrhonous dual connectivity. As shown in Figure 8.1.2.1-1, MCG subframes from i+1 to i+6 are included in total interruption time together with SCG subframes from j+1 to j+6 for synchronous dual connectivity and j+1 to j+7 for asyncrhonous dual connectivity.
NOTE 5: 
For asynchronous dual connectivity as shown in Figure 8.1.2.1-1 (b), subframe j is regarded as the subframe occurring immediately before the measurement gap for SCG, similarly, subframe j+8 is regarded as the subframe occurring immediately after the measurement gap for SCG.
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Figure 8.1.2.1-1: Measurement GAP and total interruption time on MCG and SCG


In this section, we focus the discussion on SCG measurement gap in asynchronous dual connectivity case, which is different from legacy LTE. From above RAN4 specification, it is clear that from RAN4 perspective:
· Total interruption time on SCG: subframes j+1 to j+7, during which the UE shall not transmit and receive any data in SCG.
· Subframe j+8 is regarded as the subframe occurring immediately after the measurement gap for SCG
· Subframe j is regarded as the subframe occurring immediately before the measurement gap for SCG
In TS 36.321 [3], measurement gap handling is captured in Annex A, which is copied below.
	In this specification, the subframes which cannot be used for transmission according to subclause 8.1.2.1 of [9] are also considered as part of measurement gaps in uplink. Measurement gaps are defined in [9].
In a subframe that is part of a measurement gap, the UE shall not perform the transmission of HARQ feedback and CQI/PMI/RI/PTI, and SRS shall not be reported.


From MAC perspective, in SCG, subframe j+7 is part of measurement gap; whether subframe j+8 is part of measurement gap in uplink depends on the highlighted condition (although wording is changed from the previous version, the principle is same). 
From the above discussion, it is clear from MAC perspective that which subframes in SCG is part of the measurement gap in uplink.

Proposal 1: RAN2 to agree that there is no need to clarify MAC specification regarding measurement gap handling.
2.2     Synchronous and asynchronouns dual connectivity
As shown in RAN4 specification, the total interruption time on SCG depends on whether synchronous or asynchronous dual connectivity is used. The remaining question is how the UE and the eNB know whether the dual connectivity configuration is synchronous or asynchronous.
Synchronous and asynchronous DC is defined in TS 36.300 [4] as “In synchronous DC operation, the UE can cope with a maximum reception timing difference up to at least 33µs between CGs. In asynchronous DC operation, the UE can cope with a maximum reception timing difference up to 500µs between CGs.” In addition to measurement gap, there are several operations related to synchronous/asynchronous DC operation. In previous RAN1 LS [5], it was indicated that “It is RAN1 understanding is that power control mode is consistent with other synchronous vs unsynchronous UE behaviors (e.g., measurement gap, definition of P_cmax) in dual connectivity”. Power control mode is already signaled as RRC IE powerControlMode-r12.
Currently the SFN timing difference is determined based on network based solution, which means that eNB determines whether the configured dual connectivity is synchronous or asynchronous based on network implementation. Since eNB might not know exactly the UE receiving timing, for certain deployment scenarios, maximum timing difference between CGs can be within 33µs) at the UE side even if asynchronous DC is assumed from network side.
There are two ways to define how the UE determines whether the configured dual connectivity is synchronous or asynchronous:
· Option A: UE determines synchronous or asynchronous DC based on timing differences between CGs at receiver side. This approach may be aligned with RAN4 assumption. Currently in TS 36.133 [2], asynchronous DC is referred back to TS 36.300 as in Section 3 (“Definitions: Asynchronous Dual Connectivity: As defined in TS 36.300 [25].”) 
· Option B: synchronous/synchronous DC is linked to power control mode signaled in RRC configuration. This requires some clarification of the field description of IE powerControlMode-r12. Note that in this option, if synchronous DC is signaled while timing difference is larger than 33µs, UE should still operate in asynchronous DC.
The key question here is what eNB behavior is in case there is ambiguity i.e. when eNB does not know exactly whether DC operation is synchronous or asynchronous at the UE side. The safe approach is that eNB assumes that the DC operation is asynchronous. In Option A, UE assumes synchronous DC if timing difference is less than 33 us and asynchronous DC otherwise. In this case, ambiguity could happen from eNB perspective. In Option B, since eNB signals asynchronous DC, UE always assumes asynchronous DC irrespective of the timing difference observed. For subframe j+7 in above discussion, UEs operating in asynchronous DC cannot transmit while UEs operating in synchronous DC can. The drawback of Option A is that eNB needs to prepare for two different UE behaviors since some UEs operate in asynchronous DC while other UEs operate in synchronous DC. The drawback of option B is that for UEs with timing difference less than 33 us, there is more interruption time compared with option A. 
In both options, the change to the specifications is required. In Option A, if the current wording in TS 36.300 is sufficient, there is no need to change RAN2 or RAN4 specifications. However, the current definition seems to consider the UE requirement/capability only rather than the UE reception timing difference. Some clarification is required for the UE capable of both synchronous and asynchronous mode. In Option B, only some clarification of the field description of IE powerControlMode-r12 is needed without impact to ASN.1.
Proposal 2: RAN2 to discuss how the UE determines whether configured dual connectivity is synchronous or asynchronous for measurement gap handling. 
3      Conclusion
In this contribution, we discuss how to handle measurement gap based on latest RAN4 progress, and propose the following:

Proposal 1: RAN2 to agree that there is no need to clarify MAC specification regarding measurement gap handling.
Proposal 2: RAN2 to discuss how the UE determines whether configured dual connectivity is synchronous or asynchronous for measurement gap handling. 
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(a) measurement GAP for synchronous dual connectivity
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