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Introduction
Definition of SFN and subframe timing difference (SSTD) measurement for LTE NR dual connectivity (DC) was discussed in Qingdao RAN4 ad-hoc meeting [1]. How to proceed the definition was finally captured in the approved WF [2]:
	1.3	SSTD requirements for LTE NR dual connectivity
Contributions are invited from interested companies covering
· Motivation to define SSTD measurement for LTE NR dual connectivity
· Analysis of UE complexity for SSTD measurement
· Definition of SSTD


After that the definition of SSTD was further discussed in the following Berlin RAN4 #84 meeting. However, little progress was made mainly because the discussion time is limited and companies have different understanding on the benefits received from modifying the definition of SSTD measurement. In this contribution, we further discuss on the definition of SSTD measurement. 
Backgrounds of SSTD measurement
In the LTE the corresponding definitions of SSTD measurement are specified in [3], which are duplicated here for convenience:
	Definition
	The observed SFN and subframe timing difference (SSTD) between a PCell and a PSCell is defined as consisting of the following three components;
-	SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a PCell radio frame and SFNPSCell is the SFN of the PSCell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.

-	Frame boundary offset = , where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell and TFrameBoundaryPSCell is the time when the UE receives the start of the radio frame of PSCell that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryPSCell) is [µs].
-	Subframe boundary offset = TSubframePCell - TSubframePSCell, where TSubframePCell is the time when the UE receives the start of a subframe from the PCell and TSubframePSCell is the time when the UE receives the start of the subframe from the PSCell that is closest in time to the subframe received from the PCell.
The reference point for the observed SFN and subframe time difference shall be the antenna connector of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency


Typically, SSTD measurement, as well as UE capabilities, are reported to MeNB as the basis for making decision on: 1) whether DC is possible or not, 2) whether synchronous DC mode or asynchronous DC mode will be selected. 
It is important to point out that the definition of SSTD measurement in LTE is based on the fact that TTI length in LTE is 1ms, i.e. a subframe. So reporting the timing difference between the subframes of PCell and PSCell is enough for LTE. However, situation has changed in NR. First, slot rather than subframe has become the basic scheduling unit. Second, multiple numerologies feature is introduced in NR. As a result, the length of TTI will be a function of the numerology used by NR cell. In Qingdao meeting and the following Berlin meeting, Some companies want to modify the definition of SSTD measurement to support more efficient LTE/NR DC operation [5]. To be more specific, TTI time difference is proposed to be added to the reporting message of SSTD then there will be more points in a subframe around which synchronous DC operation can be supported. That is what we will discuss in the following section.
Discussion on the modification of SSTD
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK6]The reason to modify the definition of SSTD measurement given in [6] is “in many NR configurations the existing SSTD reporting would be too coarse and result in unnecessary loss of scheduling opportunities”. However, even we modify the definition of SSTD measurement there will not be more scheduling opportunities comparing with the original SSTD measurement. 
For LTE, the threshold between synchronous and asynchronous operation is whether the time difference between received subframes from PCell and PSCell is smaller than 33μs or not [4]. As depicted in figure 1. So in each 1ms there is a time interval of  (labeled as “sync interval”). DC operation will be considered to be synchronous if the subframe boundary of PCell falls in the sync interval. Otherwise it will be considered to be asynchronous. 
 [image: C:\Users\w00195360\Pictures\图片1.png]
Figure 1. Demonstration of sync interval in each subframe
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]It is important to point out that the value 33μs is obviously determined by the numerology used in LTE, i.e. half-length of an OFDM symbol with 15KHz SCS (approximately 67μs). If we still take half-length of an OFDM symbol as the threshold between synchronous and asynchronous operation, then the threshold should be inversely proportional to the numerology used in NR. To be more specific, the threshold should be μs if the KHz SCS is used. If we allow the synchronous DC operation at NR TTI boundary. Then there will be  synchronization points in each subframe. But because the threshold is reduced to μs, so the total length of sync interval in each 1ms is still 66μs, as depicted in figure 2. So there will not be more synchronous DC operations. According to [6] the 5% loss of scheduling opportunities in the PSCell comes from the enlargement of measurement gap under asynchronous DC operation. However, as there will not be more synchronous DC operations, there will not be less scheduling opportunities comparing to the original SSTD measurements. In this sense, modifying the definition of SSTD measurements is unnecessary since it won’t increase scheduling opportunities. Of course we can enlarge the threshold to have more synchronous DC operations, but it is another problem.
Observation 1: Modifying the definition of SSTD cannot bring more scheduling opportunities.
So modifying the definition of SSTD measurement is unnecessary, what about introducing the original LTE SSTD measurement into NR? It depends on the benefits received from having more synchronous DC operations. From the aspect of implementation, synchronous DC consumes less hardware resource because it is easier to coordinate the data flows of MeNB and SeNB in synchronous DC operation. And the 5% loss of scheduling opportunities in the PSCell mentioned in [6] can be avoided. However, “since the baseline receiver and transmitter for NSA operation should assume independent dual FFT/iFFT for the LTE and NR radio so there is no strong need for any UE capability for synchronous LTE-NR dual connectivity” [7]. Besides, some other related problems such as power control are under discussion in RAN1. That is what we will discuss in the next section.

Power Allocation for Sync and Async DC
From the aspect of 3GPP specification, the major difference between synchronous DC and asynchronous DC is the power allocation procedures. For LTE, it is specified in sub clause 5.1.4 of [6] which is duplicated here:
	-	if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter powerControlMode indicates dual connectivity power control mode 1
-	if the maximum uplink timing difference between transmitted signals to different serving cells including serving cells belonging to different CGs is equal to or less than the minimum requirement for maximum transmission timing difference for synchronous dual connectivity defined in [7].
-	The UE shall use the procedures described in sub clause 5.1.4.1.
-	if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter powerControlMode does not indicate dual connectivity power control mode 1
-	The UE shall use the procedures described in sub clause 5.1.4.2 .



In short, synchronous DC and asynchronous DC will use the power allocation procedure described in subclause 5.1.4.1 (DC power control mode 1) and subclause 5.1.4.2 (DC power control mode 2) of TS 36.213 respectively. Generally speaking, the power allocation in synchronous DC is simpler and more accurate. However, it is important to note that the observation “power allocation in synchronous DC is generally simpler and more accurate” still depends on the premise that subframe is the minimum scheduling unit in LTE. 
In synchronous LTE DC, a subframe of the first cell group (labeled CG1) only overlaps in time with one subframe of the second cell group (labeled as CG2) so UE only needs to consider the power allocation between these two subframes. In addition, since two CGs have the same scheduling timing UE can allocate power among them based on their transmission situations such as whether a PRACH or a PUCCH/PUSCH contains HARQ ACK/SR is transmitted or not. On the other hand, in asynchronous LTE DC a subframe of CG1 may overlaps in time with two subframes of CG2 so it is need to take both subframes of CG2 into consideration when allocating power for CG1. In addition, UE cannot take into account the transmission of the second subframe CG1 when allocating power for CG1 due to the different timing of the scheduling. But in NR case, a subframe of LTE MeNB may overlap in time with multiple slots of NR SeNB. It is actually the similar situation faced in asynchronous LTE DC operation, and this problem still exists even we modified the definition of SSTD measurement to allow the synchronization at LTE subframe boundary and NR TTI boundary. 
Consider the situation demonstrated in Fig.1 as an example. Assume the subframe  of LTE MeNB is aligned with the second slot of subframe  of NR SeNB at the TTI boundary and are considered as synchronized. We further assume that there is a uplink transmission in the second slot of subframe  and no transmission occurs during the first slot of subframe . As a result, UE should reserve a proportion  of transmit power for NR uplink transmission. So the transmit power of MeNB can at most be  although there is no NR uplink transmission occurs in the first slot of subframe . There will be a waste of reserved transmit power. In this case UE may not benefits from the synchronous DC operation on the issue of power allocation under the existing power allocation procedure.
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Figure 2: Demonstration on power allocation between LTE and NRSubframe 
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Observation 2: From the aspect of power allocation, allowing the synchronization at LTE subframe boundary and NR TTI boundary in LTE-NR DC may not be helpful under current power allocation procedures.
Based on the discussion above and the situation that power allocation for LTE-NR DC is under discussing in RAN1, we make the following propose:
[bookmark: _Ref485119358]Proposal 1: Discussion on definition of SSTD measurement should wait until the specification on power allocation for LTE-NR DC in RAN1 is finished.
Conclusion
In this contribution we provide our view on definition of intra/inter frequency measurement scenarios in NR. After discussion, the following observations and conclusions are made:
Observation 1: Modifying the definition of SSTD cannot bring more scheduling opportunities.
Observation 2: From the aspect of power allocation, allowing the synchronization at LTE subframe boundary and NR TTI boundary in LTE-NR DC may not be helpful under current power allocation procedures.
Proposal 1: Discussion on definition of SSTD measurement should wait until the specification on power allocation for LTE-NR DC in RAN1 is finished.
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