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1. Introduction
In RAN#95e meeting, a new WI to investigate intra-band non-collocated ENDC/NRCA was approved. And also, the WID was updated in RAN#96 as [1]. According to agreed work plan [2], RAN4 need to start the RRM discussion on MRTD from this RAN4#105 meeting.
With regard to Type 2 UE of intra-band non-contiguous non-collocated NR-CA, RAN4 have discussed UE RF architecture and RF requirements and agreed WFs [3][4][5]. We would like to focus on the RRM requirements of the Type 2 UE of NR-CA in this contribution. 
2 Background
2.1 Rel-16 Type 2 UE for EN-DC/NE-DC
The MRTD requirement of Rel-16/17 Type 2 UE for EN-DC/NE-DC supporting interBandMRDC-WithOverlapDL-Bands-r16 is specified in 38.306 UE capability.

38.306 4.2.7.9:	MRDC-Parameters

	interBandMRDC-WithOverlapDL-Bands-r16
Indicates the UE supports FDD-FDD or TDD-TDD inter-band (NG)EN-DC/NE-DC operation with overlapping or partially overlapping DL bands with an (NG)EN-DC/NE-DC MRTD according to clause 7.6.2/7.6.5 in 38.133 [5] and inter-band RF requirements (i.e Type 2 UE). If the capability is not reported, the UE supports FDD-FDD or TDD-TDD inter-band operation with overlapping or partially DL bands with (NG)EN-DC/NE-DC MRTD<3us according to clause 7.6.3 in 38.133 [5] and intra-band RF requirements (i.e. Type 1 UE).
	BC
	No
	N/A
	FR1 only




 According to the above 38.306, Rel-16 EN-DC Type-2 UE supporting interBandMRDC-WithOverlapDL-Bands-r16 can support the following requirements of inter-band asynchronous EN-DC/NE-DC (SCG 30kHz, 250µs) shown as 38.133 Table 7.6.2-1 and 7.6.5-1. 

38.133 Table 7.6.2-1: Maximum receive timing difference requirement for asynchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) (Note 1)
	Maximum receive timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120Note2
	62.5

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2:	For E-UTRA FDD-NR FDD intra-band EN-DC, for which the requirement is defined in clause 7.6.3 and this Table 7.6.2-1 is also applicable, the scenario with 120 kHz does not exit.



38.133 Table 7.6.5-1: Maximum receive timing difference requirement for asynchronous NE-DC
	Sub-carrier spacing of cell in MCG (kHz)
	DL Sub-carrier spacing of EUTRA cell in SCG (kHz) (Note 1)
	Maximum receive timing difference (µs)

	15
	15
	500

	30
	15
	250

	60
	15
	125

	120
	15
	62.5

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2:	Void



Observation 1: Type-2 EN-DC/NE-DC UE support MRTD requirements which are both 250us (SCG 30kHz) and asynchronous operation.
2.2 Rel-15 NR-CA
On the other hand, considering that band combinations of this WI are generally “intra-band non-contiguous NR-CA”, at a glance, the intra-band non-contiguous NR-CA Type-2 seems to reuse the Rel-15 MRTD requirements of intra-band non-contiguous NR-CA (i.e. FR1, 3µs) shown as 38.133 Table 7.6.4-1.

38.133 Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



Observation 2: Rel-15 intra-band con-contiguous NR-CA UE support MRTD < 3us.
However, in case of intra-band non-contiguous NR-CA of current 38.133, TAE of 38.104 is 3us, and so this means that the propagation delay from 2 Tx antennas is zero. Finally, the propagation delay zero allow only collocated. From aspects of this WI and its background, current MRTD requirement (FR1, 3us) for intra-band non-contiguous NR-CA might be short to deploy non-collocated scenario. 

Observation 3: MRTD<3us of Rel-15 intra-band con-contiguous NR-CA UE might be short for operators.
Meanwhile, RAN4 specified MRTD <33us for inter-band NR-CA shown as 38.133 Table 7.6.4-2 for intra-band non-contiguous NR-CA Type-2.

38.133 Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.



Observation 4: RAN4 specified MRTD<33us of inter-band NR-CA.
3 Discussion
3.1 RRM requirements for Intra-band non-collocated NR-CA Type 2
RAN4 can discuss MRTD for intra-band non-collocated NR-CA in this WI, because currently RAN4 specify only for collocated. And also, that can be stated in [1].
In last meeting, RAN4 agreed that the UE RF architecture of inter-band non-contiguous DC_42_n77/78 EN-DC Type 2 can be reused for Intra-band non-collocated NR-CA Type 2 as follows [6].
	Issue 1-1-1: UE RF architecture
The outcome of GTW is as follows:
Agreement: 
· Not to discuss the detail information of UE implementation furthermore if the RF requirement is not affected. “2 layer/2 Rx Chain per CC, total 4 Rx Chain” based on last meeting’s agreement is enough.
	<RAN4#104e> Issue 2-2-1 (a): UE RF architecture
Agreement: 
· Total four RF antenna is assumed.
· Reuse UE RF architecture of inter-band non-contiguous DC_42_n77/78 EN-DC Type-2 (i.e. 2 layer/2 Rx Chain per CC, total 4 Rx Chain) as the baseline.






Observation 4: UE RF architecture of inter-band non-contiguous DC_42_n77/78 EN-DC Type 2 can be reused for Intra-band non-collocated NR-CA Type 2.
On the other hand, in case of EN-DC, asynchronous operation is needed, but also asynchronous operation of NR-CA has not been specified yet in RAN4.
Observation 5: Asynchronous operation of NR-CA has not been specified yet.
From operators’ point of view, asynchronous operation on MRTD will be attractive to expand NR-CA deployment and increase user throughput. However, as some companies pointed out, asynchronous operation of NR-CA seems to be kind of beyond this WI and need more time budget than already allocated. Therefore, it would be better that RAN4 firstly focus on synchronous operation and revisit asynchronous operation topic after synchronous.
Proposal 1: Firstly focus on synchronous operation and revisit asynchronous operation topic after synchronous.
Proposal 2: Discuss MRTD on synchronous operation and Inter-band NR-CA (<33us) as a baseline.

4. Conclusion
In this contribution, we provided our viewpoints on the RRM aspects for NR-CA Type 2 UE, accordingly the following observations and proposals are obtained: 

Observation 1: Type-2 EN-DC/NE-DC UE support MRTD requirements which are both 250us (SCG 30kHz) and asynchronous operation.
Observation 2: Rel-15 intra-band con-contiguous NR-CA UE support MRTD < 3us.
Observation 3: MRTD<3us of Rel-15 intra-band con-contiguous NR-CA UE might be short for operators.
Observation 4: UE RF architecture of inter-band non-contiguous DC_42_n77/78 EN-DC Type 2 can be reused for Intra-band non-collocated NR-CA Type 2.
Observation 5: Asynchronous operation of NR-CA has not been specified yet.
Proposal 1: Firstly focus on synchronous operation and revisit asynchronous operation topic after synchronous.
Proposal 2: Discuss MRTD on synchronous operation and Inter-band NR-CA (<33us) as a baseline.
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