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1 Introduction
[bookmark: _GoBack]In WF R4-1801300 [1], the MRTD requirements for inter-band and intra-band non-contiguous FR1 NR CA with 15 kHz SCS have been approved. Up to RAN4 meeting #86bits, the MRTD requirements for higher SCS is still undetermined. In this contribution, we provide further discussion on the MRTD requirements for NR CA.  
2 MRTD for inter-band and intra-band non-contiguous NR CA
We first briefly discuss about the MRTD for inter-band and intra-band non-contiguous CA in LTE. According to legacy LTE design, the maximum received timing difference for inter-band dual connectivity can be interpreted as follows:
MRTD = Propagation delay difference	+ Cell phase synchronization error							(1)
Note that the first term 30 µs in equation (1) for MRTD definition in LTE, which is based on propagation delay (RTT) in the network coverage and the second team of 0.26 µs is TAE defined in TS 36.104. For the propagation delay, it basically considers up to 9km relative propagation distance difference for LTE deployment. Although NR CA may require similar deployment as LTE, the network deployment should also consider UE implementation capability. For instance, for MRTD in CA, 30.26 µs occupies roughly a half OFDM symbol for the 15 kHz SCS, one OFDM symbol for 30 kHz, two OFDM symbols for 60 kHz, and four OFDM symbols for 120 kHz. Based on LTE UE implementation, one half OFDM symbol over-lapping is proven to be acceptable for power control and AGC design. Larger over-lapping will cause a big challenge for UE implementation. Therefore, it is reasonable to maintain a similar over-lapping when we design MRTD for NR CA.
As it was approved in [1], the MRTD for FR1 CA with 15kHz SCS is 33 µs. For higher SCS the design of MRTD is a trade-off between the following two factors: 1) All supported network deployment scenarios; 2) power control related issues. Based on these two factors, three different MRTD designs have been proposed by companies. We analyse the advantages and disadvantages of these solutions as below.
Option 1: The MRTD requirements are scaled based on SCS values. The pros of this solution is that UE follows the LTE implementation, and no complexity issue for power control. The cons of this solution is that network coverage is sacrificed and the higher SCS, the shorter network coverage that can support NR CA. 
Option 2: The MRTD requirements are not scaled with SCS but are set to be 33us for FR1 and 8us for FR2 in NR CA [2]. This proposal considers the different coverage range for FR1 and FR2. The cons of this proposal is that 
· UE still has higher implementation complexity and new power control mechanism needs to be introduced by RAN1. 
· MRTD = 33us almost equal one symbol length for 30kHz SCS (which is 35.7us). This MRTD is impossible for UE Capability #2 with aggressive HARQ timeline constraints on PDSCH decoding time. Table 1 shows that the current agreements on UE processing time for Capability #2. Since HARQ processing time determined by RAN1 does not include the time margin for MRTD and TA, the proposed MRTD should be no larger than the half symbol to satisfy the aggressive HARQ processing time constraint.

Table 1. UE Processing Times for Capability #2
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]
	[2.5-6]

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-6]
	[2.5-6]

	1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.




Considering the balance between network coverage and UE capability, we support Option 1.
Proposal 1: UE shall support the inter-band NR CA provided that the MRTD at the UE does not exceed values shown in the table below
	Sub-carrier spacing
	Maximum receive timing difference (µs) for FR1
	Maximum receive timing difference (µs) for FR2

	15
	33
	N.A.

	30
	16.5
	N.A.

	60
	8.25
	8.25

	120
	 N.A.
	4.13

	Note:	For inter-band NR carrier aggregation between FR1 and FR2, the maximum receive timing difference is 33 µs.



For intra-band non-contiguous case, the MRTD requirements should be the same as the inter-band case, which is stated in the following:
Proposal 2: UE shall support the intra-band non-contiguous NR CA provided that the MRTD at the UE does not exceed values shown in the table below
	Sub-carrier spacing
	Maximum receive timing difference (µs) for FR1
	Maximum receive timing difference (µs) for FR2

	15
	33
	N.A.

	30
	16.5
	N.A.

	60
	8.25
	8.25

	120
	 N.A.
	4.13



3 Conclusion
This paper proposes the following MRTD requirements for NR CA:
Proposal 1: UE shall support the inter-band NR CA provided that the MRTD at the UE does not exceed values shown in the table below
	Sub-carrier spacing
	Maximum receive timing difference (µs) for FR1
	Maximum receive timing difference (µs) for FR2

	15
	33
	N.A.

	30
	16.5
	N.A.

	60
	8.25
	8.25

	120
	 N.A.
	4.13

	Note:	For inter-band NR carrier aggregation between FR1 and FR2, the maximum receive timing difference is 33 µs.



Proposal 2: UE shall support the intra-band non-contiguous NR CA provided that the MRTD at the UE does not exceed values shown in the table below
	Sub-carrier spacing
	Maximum receive timing difference (µs) for FR1
	Maximum receive timing difference (µs) for FR2

	15
	33
	N.A.

	30
	16.5
	N.A.

	60
	8.25
	8.25

	120
	 N.A.
	4.13
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