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1 Introduction
This contribution discusses MRTD for synchronous inter-band EN-DC and synchronous intra-band EN-DCand MTTD for synchronous inter-band ED-DC. Based on the discussion we provide MRTD and MTTD in our side.
2 Discussion
In RAN4, currently, synchronous and asynchronous EN-DC operations have been addressed for MRTD and MTTD requirement in TS38.133 as follows.

· Asynchronous EN-DC

· Inter-band TDD-TDD(PCellE-UTRA-PSCellNR) EN-DC

· Inter-band TDD-FDD(PCellE-UTRA-PSCellNR or PSCellNR-PCellE-UTRA) EN-DC

· Intra-band FDD-FDD(PCellE-UTRA-PSCellNR) EN-DC

· Collocated operation in Rel-15

· Synchronous EN-DC

· Inter-band TDD-TDD(PCellE-UTRA-PSCellNR) EN-DC

· Inter-band TDD-FDD(PCellE-UTRA-PSCellNR or PSCellNR-PCellE-UTRA) EN-DC

· Intra-band TDD-TDD(PCellE-UTRA-PSCellNR) EN-DC

· Collocated operation in Rel-15
However, the following agreement was made in the WF [1] .

· All UEs support asynchronous DC between LTE and NR for inter-band LTE-NR in Rel-15.

And, the following agreement in RAN2 was made in RAN2#100.

	Agreements(RAN2)

1. In inter-band EN-DC, asynchronous UE operation is default operation and thus no separate capabilities are needed (Support of SSTD measurement for EN-DC in LTE will be discussed separately)

2. Single TX operation may be operated by the network with synchronised and non-synchronised operation. No additional UE capability parameter is needed to distinguish whether the UE supports operation in synchronised and non synchronised cases. (RAN2 understand that single Tx operation is only applicable for inter-band EN-DC)

3. In intra-band TDD EN-DC, the synchronous operation is only supported in Rel-15. No additional UE capability parameter is needed  for this case

4. In intra-band FDD EN-DC, a single capability bit is introduced to indicate if the UE supports asynchronous/synchronous operation.


It means that only asynchronous operation is defined in Rel-15 for inter-band TDD-TDD EN-DC and inter-band TDD-FDD EN-DC. Therefore, the requirement of synchronous EN-DC for inter-band EN-DC does not need to be defined in Rel-15. And, for intra-band FDD-FDD EN-DC, synchronous operation and asynchronous operation need to be considered in Rel-15.

Proposal 1: For inter-band TDD-TDD EN-DC and inter-band TDD-FDD EN-DC, RAN4 consider asynchronous EN-DC as default in Rel-15.

Proposal 2: For intra-band TDD-TDD EN-DC, RAN4 consider synchronous EN-DC as default in Rel-15.

Proposal 3: For intra-band FDD-FDD EN-DC, RAN4 consider both synchronous EN-DC and asynchronous EN-DC in Rel-15.

Based on the proposals, we provide our view on MRTD and MTTD.
· MRTD

In synchronous LTE Dual Connectivity, MRTD is defined with propagation delay difference between MeNB and SeNB plus Time alignment error(TAE) between MeNB and SeNB. The TAE was assumed with 3µs for LTE DC which is smaller than CP length. In other word, each TAE of 1.5us from common reference was assumed for MeNB and SeNB. Figure2-1 shows the TEA in LTE Dual Connectivity. Common reference could be GNSS.
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Figure 2-1. TAE between MeNB and SeNB in LTE Dual Connectivity
In order to define MRTD in synchronous EN-DC, TAE between MeNB(LTE) and SeNB(NR) should be defined regarding various SCS in NR. The point of keeping in mind is that MeNB and SeNB are different RAT unlike LTE dual connectivity. In addition, non-ideal backhaul can be assumed between MeNB and SeNB same as LTE DC.
Regarding same methodology used in LTE, TAE of MeNB is 1.5µs and TAE of SeNB can be 1.5µs, 1.5/2µs, 1.5/4µs and 1.5/8µs for NR SCS of 15kHz, 30kHz, 60kHz and 120kHz respectively. Therefore total TAE between MeNB and SeNB can be 3µs, 2.25µs, 1.875µs and 1.6875µs for NR SCS of 15kHz, 30kHz, 60kHz and 120kHz respectively. The derived total TAE is needed to be compared with each CP length corresponding to SCS. Table 2-1 shows the comparison.

Table 2-1. Comparison TAE and CP length of NR and LTE
	NR SCS
	TAE b.t.w MeNB and SeNB(µs)
	NR CP length(us)
	LTE CP length(µs)
	TAE < NR CP length
	TEA < LTE CP length

	15kHz
	3
	4.7
	4.7
	Yes
	Yes

	30kHz
	2.25
	2.35
	4.7
	Yes
	Yes

	60kHz
	1.875
	1.175
	4.7
	No
	Yes

	120kHz
	1.6875
	0.5875
	4.7
	No
	Yes


From Table2-1, the total TAE is smaller than NR CP length in SCS of 15kHz and 30kHz, however is larger than NR CP length in SCS of 60kHz and 120kHz.  It means that the SCS cases of 60kHz and 120kHz do not support the synchronous EN-DC. Therefore, the smaller TAE than NR CP length should be considered to support synchronous EN-DC. There can be some options for the smaller TAE. 
· 1st option is to scale 3us in LTE DC with rate of 15kHz/NR_SCS, for example, as a result, 3µs, 1.5µs, 0.75µs and 0.375µs for each SCS of 15kHz, 30kHz, 60kHz and 120kHz. 
· 2nd option is to define with same NR CP length, for example, 4.7µs, 2.35µs, 1.175µs and 0.5875µs for each SCS. It seems to be stringent because of no margin. 
· 3rd option is to define with a little bit larger values than 1st option  such as 4µs, 2µs, 1µs and 0.5µs for each SCS regarding inter-RAT DC. 
Table 2-2 summarizes the TAE and the margin for each option. 

Table2-2. Options of TAE between MeNB and SeNB for synchronous EN-DC
	NR SCS
	TAE b.t.w MeNB and SeNB(µs)

	
	Option1
	Option2
	Option3

	15kHz
	3
	4.7
	4

	30kHz
	1.5
	2.35
	2

	60kHz
	0.75
	1.175
	1

	120kHz
	0.375
	0.5875
	0.5

	Margin
(1-(TAE/CP_length))
	36.17%
	0%
	14.89%


Even though EN-DC is inter-RAT DC unlike LTE DC, TAE of 3us is preferable for consistency in case of NR SCS of 15kHz. Therefore, our preference is option1.
Proposal 4: Assume option1 in Table2-2 as TAE between MeNB and SeNB  for synchronous EN-DC.

For propagation delay, 30µs can be reused for non-collocated EN-DC scenario since there is no difference except for RAT type. 30µs is derived from distance difference of 9km. For collocated EN-DC scenario, the propagation delay is 0 µs.
Therefore, MRTD for synchronous intra-band EN-DC can be defined as Table2-3. When PSCell supports mixed numerology at same time, MRTD corresponding to biggest SCS is applied. Here, synchronous intra-band EN-DC is assumed as collocated deployment.
Table 2-3. MRTD for synchronous intra-band 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
	[3]

	15
	30
	[1.5]

	15
	60
	[0.75]

	Note1:
DL Sub-carrier spacing is min{SCSSS, SCSDATA}.


Proposal 5: Define the requirement of MRTD for synchronous intra-band EN-DC with Table2-3 in Rel-15.

· MTTD

In synchronous LTE Dual Connectivity, MTTD is defined with MRTD, transmission timing error and uncertainty of receiving time. For example, MTTD for synchronous inter-band LTE DC was specified with 35.21us which consists of following values. 
· LTE : MTTD for synchronous inter-band DC
35.21µs = 33µs + 2(24Ts+10Ts)

             
    33µs : MRTD

           
    24Ts : transmission timing error of UE for MeNB & SeNB
                  10Ts : uncertainty of receiving time of UE for MeNB and SeNB, Here, Ts = 1/(2048*15000)

The same formula can be applied for MTTD of synchronous inter-band EN-DC except for different transmission timing error and different uncertainty of receiving time with respect to SeNB. However, inter-band synchronous EN-DC is out of scope in Rel-15. 
For intra-band EN-DC, collocation is assumed so that MTTD requirement is not necessary to be specified.

As a result, MTTD of requirement is not necessary to be defined for synchronous EN-DC in Rel-15.

Proposal 6: Do not define the requirement of MTTD for synchronous intra-band EN-DC in Rel-15.
3 Conclusion
We provided our views on MRTD and MTTD for synchronous EN-DC based on the previous RAN4 agreement and RAN2 agreement. Based on the view, we provided the following proposals.
Proposal 1: For inter-band TDD-TDD EN-DC and inter-band TDD-FDD EN-DC, RAN4 consider asynchronous EN-DC as default in Rel-15.

Proposal 2: For intra-band TDD-TDD EN-DC, RAN4 consider synchronous EN-DC as default in Rel-15.

Proposal 3: For intra-band FDD-FDD EN-DC, RAN4 consider both synchronous EN-DC and asynchronous EN-DC in Rel-15.

Proposal 4: Assume option1 in Table2-2 as TAE between MeNB and SeNB  for synchronous EN-DC.

Proposal 5: Define the requirement of MRTD for synchronous intra-band EN-DC with Table2-3 in Rel-15.

Proposal 6: Do not define the requirement of MTTD for synchronous intra-band EN-DC in Rel-15.
Table2-2. Options of TAE between MeNB and SeNB for synchronous EN-DC

	NR SCS
	TAE b.t.w MeNB and SeNB(µs)

	
	Option1
	Option2
	Option3

	15kHz
	3
	4.7
	4

	30kHz
	1.5
	2.35
	2

	60kHz
	0.75
	1.175
	1

	120kHz
	0.375
	0.5875
	0.5

	Margin

(1-(TAE/CP_length))
	36.17%
	0%
	14.89%


Table 2-3. MRTD for synchronous intra-band 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
	[3]

	15
	30
	[1.5]

	15
	60
	[0.75]

	Note1:
DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
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