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1 Introduction
WF [1] for inter band CA was approved in RAN4#92 meeting, the MRTD, power imbalance and beam direction are all discussed based on the assumption that the RF component for 28GHz and 39GHz are collocated design.
	· UE requirements will be applicable under moderate power imbalance, exact number is FFS
· Companies are encouraged to study feasibility of existing 8 usec time difference requirement of the received symbols

· For FR2 inter-band downlink CA (28 + 39 GHz), requirement derivation for spherical coverage assumption shall be studied in the next meeting. (e.g. whether UE is capable for forming  beam towards the same directions and different directions which on both bands simultaneously)   
· Impact of different directions only to multiband relaxations shall be part of study


This paper provides analysis on FR2 inter-band CA implementation and the related requirements. 
2 Discussion
Inter band CA between 28+39GHz was discussed on the UE implementation and the current MRTD requirement in TS 38.133. All discussions are based on the collocated design assumption, especially for DL.
From implementation perspective, 28+39GHz CA could have different RF architecture. There is always advantage and disadvantage for a certain architecture. For antenna, collocated design will reduce the cost, while it only can adopts the element space based on the wavelength in the middle between 28GHz and 39GHz. Thus the performance on 28GHz and 39GHz will both roll off. While the separate antenna design for 28GHz and 39GHz have the best performance on the operating band. For phase shifter, there are many implementation architectures published these years, the phase shifter can be UL/DL separately, and with single/multiple phase status. Same beam direction requires for very specific phase shifter design which is strong limitation on design. For LNA/or the amplifiers on the receiving path, common or separate design are both OK while common design would have some impact on matching network, but cost/size saving. In fact, RAN4 will define RF requirement for inter band CA, peak EIS and CDF EIS for DL. UE need to meet the RF requirement regardless of specific implementation.
In the WF[1], there are 2 key issues which relates to the UE implementation. One is whether we need limit the RF implementation as the collocated/common component for 28GHz and 39GHz. According to the analysis above, it is obviously that the limitation is unnecessary. 

Observation 1: RAN4 don’t have the limitation on RF implementation that the RF components are shared on 28GHz and 39GHz.

The other key issue is that whether UE is limited on forming beam towards the same direction for 28GHz and 39GHz. We need to clarify the definition on the wording of “same direction”. Literally, it means the 28GHz and 39GHz shall be on definitely the same beam and with the same peak direction on this beam. This limitation actually will add a big implementation difficulty on UE side. Firstly, all the RF components shall be common used for 28GHz and 39GHz in chipset. Secondly, considering the phase shift would be different for the same delay on 28GHz and 39GHz as the wavelength is different, the phase shifter need very specific design to ensure 28GHz and 39GHz in the same direction and keep in the same step. Lastly, even all the stuffs are satisfied accordingly, we found that the loss from form factor is different on 28GHz and 39GHz, it makes them some direction deviation.
Observation 2: The limitation that UE form the beam towards the same direction for 28GHz and 39GHz will add many difficulties on both chipset and UE design.
In the current TS 38.133, 8us is specified for FR2 inter-band CA MRTD. This 8us is coming from 3us TAE and 5us propagation delay difference, where 3us TAE is defined for BS in TS 38.104. From the timing perspective, the MRTD requirement is not only related to UE implementation but also BS side. Additionally, MTTD is actually defined based on MRTD and the timing error on UE transmitting side, where 8.5us for FR2 inter-band CA. If MRTD is revised as for intra-band non-contiguous CA, the MTTD is changed accordingly. Then the corresponding inter-band UL CA architecture also need to discuss further. 

Observation 3: MRTD for FR2 inter band CA is specified based on the BS TAE and propagation delay difference, where 3us TAE is defined for FR2 inter-band CA in TS 38.104. It means MRTD requirement is also related to BS implementation.

Observation 4: MTTD requirement is defined based on MRTD and timing error on UE transmitting side, RAN4 need to consider inter-band UL CA architecture impact.
For spherical coverage requirement of inter-band CA, the network performance would be the key issue. In Rel-15, the spherical coverage requirement is derived by simulation, the performance degradation need to be ensured. For a specific requirement, UE can choose different implementation to satisfy with. As shown in Fig 1, 28GHz and 39GHz can be encapsulated within one package(or collocated design), and spherical coverage requirement is fulfilled by this package. 28GHz and 39GHz also can be encapsulated within different package, and the placement can be considered due to form factor and spherical coverage requirement. For power class 3, 50% spherical coverage shall be satisfied for 28GHz and 39GHz simultaneously. Assume 28GHz and 39GHz gNB are not collocated, they send beams from the opposite direction, then 50% common spherical coverage on these two bands will be sufficient for DL coverage. 
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Fig 1. 28GHz and 39GHz module can be designed different, the common spherical coverage can fulfil the requirement
Observation 5: 28GHz and 39GHz module can be designed and placed differently to fulfil the spherical coverage requirement.
Proposal 1: RAN4 don’t define any limitation on FR2 inter-band CA, e.g. the beam direction, the spherical coverage and the RF architecture.
Proposal 2: The MRTD requirement for inter-band CA shall be kept as 8us.

Proposal 3: For inter-band CA, the UE shall meet the spherical coverage requirement simultaneously on 28GHz and 39GHz, the common spherical coverage range between the two bands shall be 50% for power class 3 UE.
3 Conclusion

In this contribution we discussed on the open issues on FR2 inter-band CA, according to the analysis, we have the following proposals:
Observation 1: RAN4 don’t have the limitation on RF implementation that the RF components are shared on 28GHz and 39GHz.

Observation 2: The limitation that UE form the beam towards the same direction for 28GHz and 39GHz will add many difficulties on both chipset and UE design.
Observation 3: MRTD for FR2 inter band CA is specified based on the BS TAE and propagation delay difference, where 3us TAE is defined for FR2 inter-band CA in TS 38.104. It means MRTD requirement is also related to BS implementation.

Observation 4: MTTD requirement is defined based on MRTD and timing error on UE transmitting side, RAN4 need to consider inter-band UL CA architecture impact.

Observation 5: 28GHz and 39GHz module can be designed and placed differently to fulfil the spherical coverage requirement.
Proposal 1: RAN4 don’t define any limitation on FR2 inter-band CA, e.g. the beam direction, the spherical coverage and the RF architecture.

Proposal 2: The MRTD requirement for inter-band CA shall be kept as 8us.

Proposal 3: For inter-band CA, the UE shall meet the spherical coverage requirement simultaneously on 28GHz and 39GHz, the common spherical coverage range between the two bands shall be 50% for power class 3 UE.
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