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1. Introduction
In RAN4#86bis meeting, RAN4 had extensive discussion on MTTD and MRTD requirements for NR CA. However, how to define MTTD and MRTD requirements are still FFS.In this contribution, we further discuss the MTTD and MRTD requirements for NR CA.
2. Discussion
2.1 Inter-band CA
For inter-band synchronous EN-DC, the MTTD value shall be determined by calculating the factors as follows:
· Factor 1: Propagation delay difference 
· Factor 2: Initial transmission timing error 
· Factor 3: Uncertainty of the reception time in the UE downlink 
· Factor 4: Cell phase synchronization error 
And the MRTD value shall be determined by calculating the factors as follows:
· Factor 1: Propagation delay difference 
· Factor 2: timing alignment error (TAE)
As discussed in [1], The CA deployment can be deployed with large cell coverage on low NR band and smaller cell coverage on higher NR band. As illustrated in figure 1, the low band cell is for C-plane coverage while higher NR band cell (e.g. mmWave cell or 3.5GHz cell) is for capacity and throughput boost within its service area. There could be large physical distances between the base stations. There can be a large transmission timing difference and receive timing difference between the low band cell and a high band cell. The MTTD and MTRD shall therefore be sufficiently large and not to restrict the deployment of NR base stations, if it is too strict, it would limit the deployments of CA between high band cells (e.g. mmWave cells) and low band NR cells  to be co-located at the same site. This is of course a significant restriction in NR that does not exist in LTE.



Figure 1: CA deployment with large cell coverage on low NR band and smaller coverage on higher NR band
Considering above assumption for inter-band CA case, propagation delay difference of 30µs shall be defined for different order SCS based on all supported network deployment. Therefore, we propose that MTTD for inter-band CA shall be defined as 35.21µs for FR1, and MTTD shall be defined as 8.5µs for FR2, where 5µs reflects the relative propagation distance difference, 3µs is the cell phase synchronization error and 0.5µs comes from initial transmission timing error and uncertainty of the reception time in the UE downlink.
Regarding the value of MRTD for inter-band CA, we propose that MRTD shall be defined as 33µs for FR1, where 30µs maximum time difference reflects the maximum 9Km relative propagation distance difference and 3µs is the cell phase synchronization error. Since the network deployment for FR2 can be smaller compared with that for FR1. Thus, we propose the MRTD could be defined as 8 µs.
Proposal 1: For inter-band CA, the maximum transmission timing difference (MTTD) is defined as follows:
	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	35.21

	FR2
	8.5

	Between FR1 and FR2
	35.21



And the maximum receive timing difference (MRTD) is defined as follows:
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8

	Between FR1 and FR2
	33



2.2 Intra-band CA
As discussed in last RAN4 meeting [3], for intra-band NR CA, only co-located deployment is allowed in Rel-15, thus the relative propagation distance time difference should not be considered on determination of  MTTD and MRTD requirements. 
For intra-band contiguous CA, it was agreed that MRTD requirement will not be defined since the TAE for intra-band contiguous CA specified in section 6.5.3.2 in [4] is within CP. However the transmission timing difference can be up to 2.47 µs for FR1, which is larger than CP length when SCS ≥30KHz. And for FR2, the transmission timing difference can be up to 0.76µs, which can be larger than CP length when SCS ≥120KHz.
	Subcarrier spacing
	15KHz
	30KHz
	60KHz
	120KHz
	240KHz

	OFDM symbol length
	66.67µs
	33.33µs
	16.67µs
	8.33µs
	4.17µs

	Cyclic prefix
	4.8µs
	2.4µs
	1.2µs
	0.6µs
	0.3µs



Proposal 2: For intra-band contiguous CA, the maximum transmission timing difference (MTTD) is defined as follows:
	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	2.47

	FR2
	0.76

	Between FR1 and FR2
	2.47



For intra-band non-contiguous CA, the TAE specified in section 6.5.3.2 in [4] is 3µs. Thus, MRTD shall be defined as 3µs and MTTD can be defined as 5.21µs for FR1 and 3.5 for FR2.
Proposal 3: For intra-band non-contiguous CA, the maximum transmission timing difference (MTTD) is defined as follows:
	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	5.21

	FR2
	3.5

	Between FR1 and FR2
	5.21


And the maximum receive timing difference (MRTD) is defined as follows:
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	3

	FR2
	3

	Between FR1 and FR2
	3



3. Conclusion
In this contribution, we further discuss MTTD and MRTD requirements for synchronous EN-DC, and provide the proposals as follows:
Proposal 1: For inter-band CA, the maximum transmission timing difference (MTTD) is defined as follows:
	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	35.21

	FR2
	8.5

	Between FR1 and FR2
	35.21


And the maximum receive timing difference (MRTD) is defined as follows:
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8

	Between FR1 and FR2
	33


Proposal 2: For intra-band contiguous CA, the maximum transmission timing difference (MTTD) is defined as follows:
	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	2.47

	FR2
	0.76

	Between FR1 and FR2
	2.47


Proposal 3: For intra-band non-contiguous CA, the maximum transmission timing difference (MTTD) is defined as follows:
	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	5.21

	FR2
	3.5

	Between FR1 and FR2
	5.21


And the maximum receive timing difference (MRTD) is defined as follows:
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	3

	FR2
	3

	Between FR1 and FR2
	3
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