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1 Introduction
Currently, the requirements of MRTD and MTTD for intra-band non-contiguous NR CA and inter-band NR CA were made for NR CA. In this paper, we would like to clarify whether the case of FR2 inter-band NR CA is available or not in Rel-15 among 3 different frequency ranges such as FR1, FR2 and FR1+FR2.
2 Discussion 
For inter-band NR CA, the requirements of maximum receive timing difference and maximum transmit timing was made for 3 inter-band NR CA cases such as FR1 inter-band CA, FR2 inter-band CA and FR1+FR2 inter-band CA as follows.

· MRTD for inter-band NR CA
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8

	Between FR1 and FR2
	25 


· MTTD for inter-band NR CA
Table 7.5.4-1: Maximum transmission timing difference requirement for inter-band NR carrier aggregation

	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	34.6

	FR2
	8.5

	Between FR1 and FR2
	26.1 


The requirements of MRTD were defined by taking into account BS TAE(timing alignment error, 3us) and relative propagation delay difference with assumption of non-collocated BS. And the requirements of MTTD were defined by considering MRTD and transmitting timing error.
In FR2, beam forming is mandated in UE side. However, when defining MRTD and MTTD for FR2 inter-band NR CA, the beam forming was not considered. In FR2 inter-band NR CA, UE can perform beam forming independently per band or single beam forming depending on implemented antenna type. That is why UE antenna can be implemented with separated antenna or shared antenna for supporting FR2 inter-band NR CA. 
The current requirements of MRTD and MTTD are applicable for only separated antenna, i.e. UE supporting independent beam forming for FR2 inter-band NR CA. However, separated antenna per band is not mandated. In other words, UE can perform beam forming with shared antenna for FR2. So, the impact by different antenna architecture needs to be analyzed for the requirements. 

For UE capable of FR2 inter-band NR CA with sharing antenna, only single beam forming for a corresponding CC(component carrier) is possible at same time. In this case, if deployed with non-collocated NR BS, the simultaneous transmission or simultaneous reception for FR2 inter-band NR CA cannot be expected so that the requirements of MRTD and MTTD are not applicable. However, if deployed under collocated BS, the requirements of MRTD and MTTD can be reused with the requirements for FR2 intra-band non-contiguous NR CA with collocated deployment.
For UE capable of FR2 inter-band NR CA with separated antenna per band, independent beam forming for each CC is possible simultaneously at same time. So, the current requirements of MRTD(8us) and MTTD(8.5us) for FR2 inter-band NR CA are applicable.

As seen above, the requirements of MRTD and MTTD for FR2 inter-band NR CA can be different according to deployed type(collocated BS or non-collocated BS) and UE supporting independent beam forming per band. The followings are analyzed on applicability of FR2 inter-band NR CA and power saving in addition to the requirements.
1st  case is that UE knows information of collocated or non-collocated BS.
If gNB gives information of collocated or non-collocated BS to UE, UE can know whether supporting FR2 inter-band NR CA or not with the information and own supporting independent beam forming per band. In this case, if there is not any capability signaling of supporting independent beam forming per band from UE, the followings can be observed.
· Non-collocated NR BS(FR2)

· UE with separated antenna per band
· UE can support FR2 inter-band NR CA

· Requirements of MRTD(8us) and MTTD(8.5us) are applicable 
· UE with sharing antenna
· UE cannot support FR2 inter-band NR CA

· Requirements of MRTD and MTTD is not applicable to the corresponding UE 

· If not any signaling of not supporting independent beam forming per band from UE, there is no way for gNB to stop configuring FR2 inter-band NR CA to the corresponding UE
· Collocated NR BS(FR2)

· UE with separated antenna per band
· UE can support FR2 inter-band NR CA

· Requirements of MRTD(8us) and MTTD(8.5us) are applicable, however  smaller requirements for intra-band non-contiguous NR CA can be also applicable
· UE can do power saving with turn-off of one antenna among separated antennas
· UE with sharing antenna
· UE can support FR2 inter-band NR CA

· Requirements of MRTD(8us) and MTTD(8.5us) are applicable, however  smaller requirements for intra-band non-contiguous NR CA can be also applicable
2nd  case is that gNB knows UE capability of supporting independent beam forming per band for FR2 inter-band NR CA.

If UE gives capability signaling of supporting independent beam forming per band for FR2 inter-band NR CA to gNB, gNB can configure the FR2 inter-band NR CA to corresponding UE by considering the capability signaling and deployed type(collocated BS or non-collocated BS). In this case, if there is not any information of collocated BS or non-collocated BS from gNB, the followings can be observed.

· UE with separated antenna per band 
· Non-collocated NR BS(FR2)
· gNB can configure FR2 inter-band NR CA to the corresponding UE
· Requirements of MRTD(8us) and MTTD(8.5us) are applicable 
· Collocated NR BS(FR2)
· gNB can configure FR2 inter-band NR CA to the corresponding UE
· Even though smaller requirements for intra-band non-contiguous NR CA can be also applicable, MRTD(8us) and MTTD(8.5us) should be applied because of UE not knowing the deployed type(collocated NR BS)
· UE cannot do power saving with turn-off of one antenna among separated antennas because of UE not knowing the deployed type(collocated NR BS)
· UE with sharing antenna
· Non-collocated NR BS(FR2)

· gNB can stop configuring FR2 inter-band NR CA to the corresponding UE

· The corresponding UE cannot support FR2 inter-band NR CA 

· Requirements of MRTD and MTTD is not applicable to the corresponding UE 
· Collocated NR BS(FR2)

· gNB can configure FR2 inter-band NR CA to the corresponding UE

· The corresponding UE can support FR2 inter-band NR CA 

· Even though smaller requirements for intra-band non-contiguous NR CA can be also applicable, MRTD(8us) and MTTD(8.5us) should be applied because of UE not knowing the deployed type(collocated NR BS)

3rd case is that UE knows information of collocated or non-collocated BS and gNB knows UE capability of supporting independent beam forming per band for FR2 inter-band NR CA.
If gNB gives information of collocated or non-collocated BS to UE and UE gives capability signaling of supporting independent beam forming per band for FR2 inter-band NR CA to gNB, UE can know whether supporting FR2 inter-band NR CA or not with the information and own supporting independent beam forming per band and gNB can configure the FR2 inter-band NR CA to corresponding UE by considering the capability signaling and deployed type(collocated BS or non-collocated BS). In this case, the followings can be observed.
· Non-collocated NR BS(FR2)

· UE with separated antenna per band
· UE can support FR2 inter-band NR CA

· gNB can configure FR2 inter-band NR CA to the corresponding UE
· Requirements of MRTD(8us) and MTTD(8.5us) are applicable 
· UE with sharing antenna
· UE cannot support FR2 inter-band NR CA

· gNB can stop configuring FR2 inter-band NR CA to the corresponding UE
· Requirements of MRTD and MTTD is not applicable to the corresponding UE 
· Collocated NR BS(FR2)

· UE with separated antenna per band
· UE can support FR2 inter-band NR CA

· gNB can configure FR2 inter-band NR CA to the corresponding UE
· Requirements of MRTD(8us) and MTTD(8.5us) are applicable, however  smaller requirements for intra-band non-contiguous NR CA can be also applicable
· UE can do power saving with turn-off of one antenna among separated antennas
· UE with sharing antenna
· UE can support FR2 inter-band NR CA

· gNB can configure FR2 inter-band NR CA to the corresponding UE
· Requirements of MRTD(8us) and MTTD(8.5us) are applicable, however  smaller requirements for intra-band non-contiguous NR CA can be also applicable
From above analysis of 3 cases, we can see that the current requirements of MRTD(8us) and MTTD(8.5us) for FR2 inter-band NR CA is limited to UE with supporting simultaneously independent beam forming under non-collocated NR BS.

Therefore, the MRTD and MTTD for FR2 inter-band NR CA needs to be revised by considering deployment type and UE capability supporting independent beam forming per band. And for these, signaling on information of deployment type and UE capability supporting independent beam forming per band are needed.
Proposal 1: Add NOTE for MRTD and MTTD for FR2 inter-band NR CA by considering deployment type and UE capability supporting independent beam forming per band.


NOTE 1 : It is applicable only for UE supporting independent beam forming
Proposal 2: Define signaling on information of deployment type for FR2 inter-band NR CA
Proposal 3: Define UE capability signaling of supporting independent beam forming per band for FR2
Proposal 4: If proposal 2 and/or Proposal 3 is agreed, send LS to RAN2. 

Based on proposal 1, we prepare draft CR[1] as follows.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8Note1

	Between FR1 and FR2
	25 

	NOTE 1 : It is applicable only for UE supporting independent beam forming 


Table 7.5.4-1: Maximum transmission timing difference requirement for inter-band NR carrier aggregation

	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	34.6

	FR2
	8.5 Note1

	Between FR1 and FR2
	26.1 

	NOTE 1 : It is applicable only for UE supporting independent beam forming


3 Conclusion
In this paper, we analyse the MRTD and MTTD for FR2 inter-band NR CA by considering UE capability of supporting independent beam forming per band and deployed type(collocated NR BS or non-collocated NR BS). Based on the analysis, we propose as follows.
Proposal 1: Add NOTE for MRTD and MTTD for FR2 inter-band NR CA by considering deployment type and UE capability supporting independent beam forming per band.


NOTE 1 : It is applicable only for UE supporting independent beam forming
Proposal 2: Define signaling on information of deployment type for FR2 inter-band NR CA

Proposal 3: Define UE capability signaling of supporting independent beam forming per band for FR2

Proposal 4: If proposal 2 and/or Proposal 3 is agreed, send LS to RAN2. 
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