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1 Introduction
This contribution discusses MRTD and MTTD for  inter-band synchronous EN-DC based on the agreed WF[1].
2 Discussion
Through the last RAN4 meeting, the following WF[1] was agreed for synchronous EN-DC.
	· Inter-band synchronous EN-DC

· MTTD and MRTD
Sub-carrier spacing in LTE PCell (kHz)
DL Sub-carrier spacing in NR PSCell (kHz)
MTTD (µs)
MRTD (µs)
15
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· For higher order SCS, MTTD and MRTD shall be determined by taking the following aspects into account:

· All supported network deployment scenarios;

· Power control related issues;

· Other aspect is not precluded.

· Intra-band synchronous EN-DC

· Only consider collocation scenario for intra-band EN-DC in Rel-15 agreed in R4-1711964

· Intra-band EN-DC

· MRTD requirement will be defined as [3]µs


For inter-band synchronous EN-DC, MRTD and MTTD are [TBD] for higher SCS such as 30kHz, 60kHz and 120kHz. For the MRTD and MTTD, we consider network deployment scenarios, power control related UE implementation and TAE between inter-band NR CA. 
· Network deployment scenarios

LTE network deployment is not changed due to EN-DC and is kept. If NR network is deployed for EN-DC, propagation delay difference between E-UTRA eNB to UE and NR gNB to UE is not dependent of NS SCS. .For example of  agreed MRTD of 33us for NR SCS of 15kHz, 30us is  propagation delay difference and 3us is TAE(timing alignment error) between eNB(E-UTRA) and gNB(NR). The propagation delay difference of 30us is not changed due to NR SCS of 30kHz, 60kHz and 120kHz. However, it does not mean that the propagation delay difference can be used to define MRTD for higher NR SCS. 
· Power control related UE implementation

In last RAN4 NR-AH1801,, some companies argued that one half NR OFDM symbol needs to be considered for the MRTD and MTTD in aspect of UE implementation related to power control and AGC. Table2-1 shows the one half NR OFDM symbol duration.
Table 2-1. NR OFDM one half symbol duration
	NR SCS(kHz)
	15
	30
	60
	120

	OFDM symbol duration(us)
	66.67
	33.33
	16.67
	8.33

	CP duration(us)
	4.69
	2.34
	1.17
	0.57

	OFDM symbol including CP(us)
	71.35
	35.68
	17.84
	8.92

	OFDM one half symbol duration(us)
	33.33
	16.67
	8.33
	4.17


· TAE between inter-band NR CA

In last RAN4 NR-AH1801, TAE was agreed not to exceed [3µs]for inter-band NR CA. The TAE can be considered for the MRTD and MTTD. 
Regarding three aspects above, one half symbol corresponding NR SCS can be interpreted if it divides propagation delay difference and TAE according to whether to consider UE complexity of implementation or not as follows.

Table 2-2. MRTD for inter-band synchronous EN-DC
	
	w/ considering UE complexity
	w/o considering UE complexity

	NR SCS(kHz)
	15
	30
	60
	120
	15
	30
	60
	120

	MRTD (us)
	33
	17
	8
	4
	33
	33
	33
	33

	Propagation delay difference(us)/(distance difference(km))
	30

(9km)
	14

(4.2km)
	5

(1.5km)
	1

(0.3km)
	30

(9km)
	30

(9km)
	30

(9km)
	30

(9km)

	TAE(us)
	3
	3
	3
	3
	3
	3
	3
	3


The main different thing for MRTD by UE complexity is to limit inter-band synchronous EN-DC operation depending on UE location and deployed NR gNB location within  E-UTRA eNB coverage at higher NR SCS.  Figure 2-1 shows the example.
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Figure 2-1. Deployment of EN-DC
In Figure2-1, 4 different NR gNB are assumed to be deployed with distance of 0.3km, 1.5km, 4.2km and 9km from E-UTRA eNB. Depending on with or without considering UE complexity of implementation, inter-band synchronous EN-DC or inter-band asynchronous EN-DC can be divided according to NR SCS  for the UE which is served from NR gNB, such as A, B, C and D as Table2-3.

Table 2-3. Possible inter-band synchronous EN-DC according to NR SCS in UE side
	
	w/ considering UE complexity
	w/o considering UE complexity

	NR SCS(kHz)
	A

(~0.3km)
	B

(0.3~1.5km)
	C

(1.5~4.2km)
	D

(4.2~9km)
	A

(~0.3km)
	B

(0.3~1.5km)
	C

(1.5~4.2km)
	D

(4.2~9km)

	15
	Sync.
	Sync.
	Sync.
	Sync.
	Sync.
	Sync.
	Sync.
	Sync.

	30
	Sync.
	Sync.
	Sync.
	Async.
	
	
	
	

	60
	Sync.
	Sync.
	Async.
	Async.
	
	
	
	

	120
	Sync.
	Async.
	Async.
	Async.
	
	
	
	


As shown in Table2-3, inter-band synchronous EN-DC operation in UE side is very limited when considering UE complexity. On the other hand, in case of not considering UE complexity inter-band synchronous EN-DC operation in UE side is not limited and is regardless of NR SCS.  It can give significant impact in aspect of NW operation and UE applicability related to synchronous EN-DC. Therefore, we think it is better to specify the separate MRTD and MTTD requirement for the limited inter-band synchronous EN-DC and the non-limited inter-band synchronous EN-DC from UE side. 
Proposal 1: For inter-band synchronous EN-DC, define a separate MRTD and MTTD for inter-band synchronous EN-DC depending on UE  implementation.

For MTTD, it is interpreted with MRTD + (transmission timing error + uncertainty of receiving time). Therefore, transmission timing error and uncertainty of receiving time for both E-UTRA and NR need to be identified. For E-UTRA, transmission timing error of 24Ts and uncertainty of 10Ts can be reused.
For NR, NR transmission timing error was already agreed as Table2-4. Here, 1Ts = 64Tc.

Table 2-4 Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	[12]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[10]*64*Tc

	
	30
	15
	[8]*64*Tc

	
	
	30
	[8]*64*Tc

	
	
	60
	[7]*64*Tc

	2
	120
	60
	[3.5]*64*Tc

	
	
	120
	[3.5]*64*Tc

	
	240
	60
	[3]*64*Tc

	
	
	120
	[3]*64*Tc

	Note 1:

Tc is the basic timing unit defined in TS 38.211
Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.


For NR, based on 10Ts in E-UTRA, we scales the value with 1, 1/2, 1/4 and 1/8 for NR SCS as Table2-5. 
Table 2-5. Tu: Uncertainty of receiving time in PSCell
	DL Sub-carrier spacing in PSCell (kHz)Note1
	Tu: uncertainty of receiving time (Ts)

	15
	10

	30
	5

	60
	2.5

	120
	1.25


Table2-6 shows the total transmission timing error and uncertainty of receiving time for FR1 and FR2. The calculated total transmission timing error and uncertainty are from 1.50us to 1.82us in FR1 and from 1.25us to 1.30us in FR2.  It seems small difference for FR1 and FR2. Regarding small difference among the calculated values, one value for FR1 and one value for FR2 seem to be desirable for simplicity.
Table 2-6. Total transmission timing error and uncertainty of receiving time
	Fre.

Range
	SCS of SSB (KHz)
	SCS of DL (KHz)
	SCS of UL (KHz)
	Total transmission timing error and uncertainty of receiving time 
(us)
	Te in PCell
	Te in PSCell
	Tu in PCell
	Tu in PSCell

	1
	15
	15
	15
	1.82 
	24*Ts
	[12]*Ts
	10*Ts
	[10]*Ts

	
	
	15
	30
	1.76 
	24*Ts
	[10]*Ts
	10*Ts
	[10]*Ts

	
	
	15
	60
	1.76 
	24*Ts
	[10]*Ts
	10*Ts
	[10]*Ts

	
	
	30
	15
	1.82 
	24*Ts
	[12]*Ts
	10*Ts
	[10]*Ts

	
	
	30
	30
	1.76 
	24*Ts
	[10]*Ts
	10*Ts
	[10]*Ts

	
	
	30
	60
	1.76 
	24*Ts
	[10]*Ts
	10*Ts
	[10]*Ts

	
	
	60
	15
	1.82 
	24*Ts
	[12]*Ts
	10*Ts
	[10]*Ts

	
	
	60
	30
	1.76 
	24*Ts
	[10]*Ts
	10*Ts
	[10]*Ts

	
	
	60
	60
	1.76 
	24*Ts
	[10]*Ts
	10*Ts
	[10]*Ts

	
	30
	15
	15
	1.69 
	24*Ts
	[8]*Ts
	10*Ts
	[10]*Ts

	
	
	15
	30
	1.69 
	24*Ts
	[8]*Ts
	10*Ts
	[10]*Ts

	
	
	15
	60
	1.66 
	24*Ts
	[7]*Ts
	10*Ts
	[10]*Ts

	
	
	30
	15
	1.53 
	24*Ts
	[8]*Ts
	10*Ts
	[5]*Ts

	
	
	30
	30
	1.53 
	24*Ts
	[8]*Ts
	10*Ts
	[5]*Ts

	
	
	30
	60
	1.50 
	24*Ts
	[7]*Ts
	10*Ts
	[5]*Ts

	
	
	60
	15
	1.53 
	24*Ts
	[8]*Ts
	10*Ts
	[5]*Ts

	
	
	60
	30
	1.53 
	24*Ts
	[8]*Ts
	10*Ts
	[5]*Ts

	
	
	60
	60
	1.50 
	24*Ts
	[7]*Ts
	10*Ts
	[5]*Ts

	2
	120
	60
	60
	1.30 
	24*Ts
	[3.5]*Ts
	10*Ts
	[2.5]*Ts

	
	
	60
	120
	1.30 
	24*Ts
	[3.5]*Ts
	10*Ts
	[2.5]*Ts

	
	
	120
	60
	1.26 
	24*Ts
	[3.5]*Ts
	10*Ts
	[1.25]*Ts

	
	
	120
	120
	1.26 
	24*Ts
	[3.5]*Ts
	10*Ts
	[1.25]*Ts

	
	240
	60
	60
	1.29 
	24*Ts
	[3]*Ts
	10*Ts
	[2.5]*Ts

	
	
	60
	120
	1.29 
	24*Ts
	[3]*Ts
	10*Ts
	[2.5]*Ts

	
	
	120
	60
	1.25 
	24*Ts
	[3]*Ts
	10*Ts
	[1.25]*Ts

	
	
	120
	120
	1.25 
	24*Ts
	[3]*Ts
	10*Ts
	[1.25]*Ts


MTTD of 35.21us(=33us(MRTD)+2.21us) was agreed for NR SCS of 15kHz. Here, 2.21us was assumed for the total transmission timing error and uncertainty of receiving time. Comparing with the calculated 1.82us in Table2-7, about 0.4us is considered as margin.. With the margin of 0.4us, our preferable value is 2.21us for FR1 and 1.7us for FR2 for the total transmission timing error and uncertainty of receiving time.
 Table2-7 shows the calculated MTTD with 2.21us for FR1 and 1.7us for FR2. 

Table 2-7. MTTD for inter-band synchronous EN-DC
	Freq.

Range
	SCS of SSB (KHz)
	SCS of DL (KHz)
	SCS of UL (KHz)
	Total transmission timing error and uncertainty of receiving time 
(us)
	MRTD 

with considering UE complexity of implementation
(us)
	MRTD 
without considering UE complexity of implementation
(us)
	MTTD 

with considering UE complexity of implementation
(us)
	MTTD 
without considering UE complexity of implementation
(us)

	1
	15
	15
	15
	2.21 
	33
	33
	35.21
	35.21

	
	
	15
	30
	2.21 
	33
	33
	35.21
	35.21

	
	
	15
	60
	2.21 
	33
	33
	35.21
	35.21

	
	
	30
	15
	2.21 
	33
	33
	35.21
	35.21

	
	
	30
	30
	2.21 
	33
	33
	35.21
	35.21

	
	
	30
	60
	2.21 
	33
	33
	35.21
	35.21

	
	
	60
	15
	2.21 
	33
	33
	35.21
	35.21

	
	
	60
	30
	2.21 
	33
	33
	35.21
	35.21

	
	
	60
	60
	2.21 
	33
	33
	35.21
	35.21

	
	30
	15
	15
	2.21 
	33
	33
	35.21
	35.21

	
	
	15
	30
	2.21 
	33
	33
	35.21
	35.21

	
	
	15
	60
	2.21 
	33
	33
	35.21
	35.21

	
	
	30
	15
	2.21 
	17
	33
	19.21
	35.21

	
	
	30
	30
	2.21 
	17
	33
	19.21
	35.21

	
	
	30
	60
	2.21 
	17
	33
	19.21
	35.21

	
	
	60
	15
	2.21 
	17
	33
	19.21
	35.21

	
	
	60
	30
	2.21 
	17
	33
	19.21
	35.21

	
	
	60
	60
	2.21 
	17
	33
	19.21
	35.21

	2
	120
	60
	60
	1.70 
	8
	33
	9.7
	34.7

	
	
	60
	120
	1.70 
	8
	33
	9.7
	34.7

	
	
	120
	60
	1.70 
	4
	33
	5.7
	34.7

	
	
	120
	120
	1.70 
	4
	33
	5.7
	34.7

	
	240
	60
	60
	1.70 
	8
	33
	9.7
	34.7

	
	
	60
	120
	1.70 
	8
	33
	9.7
	34.7

	
	
	120
	60
	1.70 
	4
	33
	5.7
	34.7

	
	
	120
	120
	1.70 
	4
	33
	5.7
	34.7


From the table2-2 and table2-7, we propose MRTD and MTTD in Table2-8 for inter-band synchronous EN-DC. 

Here, DL NR SCS is minimum SCS betweenNR SSB SCS and NR DL DATA SCS. Table2-8 shows our proposed MRTD and MTTD for inter-band synchronous EN-DC. 
Table 2-8. Proposed MRTD and MTTD for inter-band synchronous EN-DC
	
	w/ considering UE complexity
	w/o considering UE complexity

	DL NR SCS(kHz)
	15
	30
	60
	120
	15
	30
	60
	120

	MRTD (us)
	33
	17
	8
	4
	33
	33
	33
	33

	MTTD (us)
	35.21
	19.21
	9.7
	5.7
	35.21
	35.21
	34.7
	34.7

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


Proposal 2: For inter-band synchronous EN-DC, Table2-8 are proposed for MRTD and MTTD.

3 Conclusion
We provided our views on MRTD and MTTD for inter-band synchronous EN-DC based on the agreed WF[1]. Based on the view, we provided the following proposals.
Proposal 1: For inter-band synchronous EN-DC, define a separate MRTD and MTTD for inter-band synchronous EN-DC depending on UE  implementation.

Proposal 2: For inter-band synchronous EN-DC, Table2-8 are proposed for MRTD and MTTD.

Table 2-8. Proposed MRTD and MTTD for inter-band synchronous EN-DC
	
	w/ considering UE complexity
	w/o considering UE complexity

	DL NR SCS(kHz)
	15
	30
	60
	120
	15
	30
	60
	120

	MRTD (us)
	33
	17
	8
	4
	33
	33
	33
	33

	MTTD (us)
	35.21
	19.21
	9.7
	5.7
	35.21
	35.21
	34.7
	34.7

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