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1 Introduction
During RAN4 #93 meeting, WF[1] was approved on inter-band DL CA RF requirement and testability issue. 
This paper provides analysis and proposals on FR2 DL CA for power class 3. 
2 Discussion
2.1 28GHz+39GHz inter-band CA
2.1.1 PSD condition

In the last meeting, PSD difference issue were discussed for both deployment and conformance test. WF[1] approves to keep the inter-band CA MRTD as 3us, it means non-collocated deployment is allowed. In TS 38.104, gNB do not have specific EIRP requirement as UE does, it depends on vendor declaration. From implementation perspective, similar with UE output power consideration, there is performance difference on RF component between 28GHz and 39GHz, assume the gNB adopts the same antenna array size, the EIRP difference may have power difference larger than 3dB, while with different antenna array size, the EIRP difference could be larger. Considering the worst scenario that the UE is in the center of Pcell and at the edge of Scell, even with some RSRP threshold limitation the PSD difference could be larger than 30dB. We propose to have no limitation on PSD difference for real deployment.
Proposal 1: For 28GHz+39GHz inter-band CA, RAN4 do not define PSD difference limitation when define the RF  requirement.
For RF conformance test, it can ensure the UE performance when the certain PSD difference really take action in the reality. Assume FR2 cell access RSRP threshold is -100dBm RSRP, even the gNB configure RRM measurement before adding/activating SCell(this procedure do not exist in the spec), and Pcell RSRP is -70dBm. We can see that 30dB difference would be normal. Practically, we propose to define a test case with up to 30dB PSD difference.
Proposal 2: For 28GHz+39GHz inter-band CA, a test case with 30dB PSD difference shall be evaluated and  defined.
2.1.2 Relaxation framework
· Spherical coverage requirement: as we discussed in the previous RAN4 meetings, the UE cannot be limited to form the same direction on 28GHz and 39GHz. Assume UE share the same antenna array operate at both 28GHz and 39GHz, and the same analogue codebook are used, we can see up to 20-30 degree beam direction deviation between these 2 bands. Where 30 degree actually means 8% spherical coverage difference between the 2 bands. Thus we propose 10% relaxation on spherical coverage requirement. 
Proposal 3: RAN4 defines 10% relaxation on spherical coverage requirement for inter-band 28GHz+39GHz CA, where spherical coverage means the common spherical coverage range between the 2 bands.
· Min peak EIS requirement: supporting 28GHz and 39GHz simultaneously would need separate receiving path, since the parallel connection will lead to some change on the inter-stage matching, dalta Rib would be added on each band for peak EIS.
Proposal 4: 3dB per band is defined additionally for inter-band 28GHz+39GHz CA on min peak EIS.
2.1.3 Solution on simultaneous Tx/Rx
In WF[1], potential solutions are provided for UE not support simultaneous Tx/Rx, which are as below:
	Alt. 1: Assume all CCs in FR2 inter-band CA combinations have the same UL/DL TDD configuration and reflect the worst case alignment as an interruption requirement; further specification details can be discussed as part of the Rel-16 RRM work

Alt. 2: It is UE implementation issue to discard DL symbols that can not be processed before UL; the specification impact is FFS and can be discussed as part of the Rel-16 RRM work

Alt. 3: Other solutions are not precluded


We know that even in FR1, there is optional UE capability on simultaneous Tx/Rx for some band combinations. But there is no insurance that the gNB will avoid the simultaneous Tx/Rx scenario. Generally, it depends on UE implementation when conflicting case happens. It means UE may discard DL or UL symbols which may depends on the priority. If gNB do not expect such loss under such case, the gNB could avoid conflicting by scheduling. Hence we don’t need to really define a UE behavior in the spec, we can just define UE capability simultaneous Tx/Rx optional for inter-band 28GHz+39GHz CA.
Proposal 5: RAN4 Define UE capability simultaneous Tx/Rx optional for inter-band 28GHz+39GHz, UE behavior shall be dependent on implementation.
2.2 28+28GHz or 39+39GHz inter-band CA
In the last meeting, there are some analysis on 28+28GHz or 39+39GHz inter-band CA separation span, we copy the analysis as below:

Table 1 separation span for inter-band 28+28GHz or 39+39GHz CA

	Frequency span (MHz)
	Example DL CA configuration
	Notes

	800
	n260F
	“the same beam correspondence relationship for beam management is supported across CCs in Rel-15 and no requirement is specified” [38.101-2]

	1400
	n260A-A
	

	2400
	n260A-A
	Study needed to determine whether the Rel-15 requirement can be reused or should be updated to account for wider frequency span

	4100
	n258A_n261A
	

	5250
	n258A_n257A
	

	6500
	n260A_n259A
	


Then two issues are captured in the WF[1]:
· Beam management:

· Alt 1: UE is assumed to have common beam management
· Alt 2: UE is assumed to have independent beam management
· Confirm PSD among 28+28 and 39+39 band groups
From UE implementation perspective, common beam management means that UE can share the BM result on all aggregated cells. Thus all CCs need to form the same beam direction which acts like intra-band CA. while equal PSD assumption ensures UE can use common RF components on the receiving path. It actually have limitation on separation span and co-located deployment. From table 1, we can see that up to 6GHz separation exists for 28+28 or 39+39 inter-band CA while the UE is highly not possible to support 6GHz span with one receiving path.
For the PSD condition, similar as 28GHz+39GHz, non-collocated scenario is also possible for 28+28 and 39+39 CA. We cannot decide common beam management and equal PSD before RAN4 confirms collocated only for these combinations.
Observation 1: common beam management and equal PSD for 28+28 and 39+39 inter-band CA actually requires for collocated deployment only.

If collocated deployment can be confirmed in RAN4 for such CA configuration, separation class capability needs to be extended into these CA combinations.

· Separation class capability extends to be reported per band combination

· Considering large separation span and UE cannot support 6GHz span in one receiving chain, separation class capability extends to be reported per receiving chain.

Proposal 6: If collocated deployment is confirmed in RAN4 for 28+28 and 39+39 inter-band CA, separation class extends to be indicated per band combination per receiving chain.

If both collocated and non-collocated deployment are existed for such CA configuration, it would be a similar situation as 28+39GHz CA.

Proposal 7: If both collocated and non-collocated deployment are existed for 28+28 and 39+39 inter-band CA, same conclusion as in inter-band 28+39GHz CA on beam management and PSD condition shall be utilized.
3 Conclusion

In this contribution we discussed on the open issues on intra-band contiguous UL CA MPR, according to the analysis, we have the following proposals:
Proposal 1: For 28GHz+39GHz inter-band CA, RAN4 do not define PSD difference limitation when define the RF  requirement.
Proposal 2: For 28GHz+39GHz inter-band CA, a test case with 30dB PSD difference shall be evaluated and  defined.
Proposal 3: RAN4 defines 10% relaxation on spherical coverage requirement for inter-band 28GHz+39GHz CA, where spherical coverage means the common spherical coverage range between the 2 bands.
Proposal 4: 3dB per band is defined additionally for inter-band 28GHz+39GHz CA on min peak EIS.
Proposal 5: RAN4 Define UE capability simultaneous Tx/Rx optional for inter-band 28GHz+39GHz, UE behavior shall be dependent on implementation.
Observation 1: common beam management and equal PSD for 28+28 and 39+39 inter-band CA actually requires for collocated deployment only.

Proposal 6: If collocated deployment is confirmed in RAN4 for 28+28 and 39+39 inter-band CA, separation class extends to be indicated per band combination per receiving chain.

Proposal 7: If both collocated and non-collocated deployment are existed for 28+28 and 39+39 inter-band CA, same conclusion as in inter-band 28+39GHz CA on beam management and PSD condition shall be utilized. 
References
[1] R4-1916024, “WF on FR2 inter-band CA”, RAN4#93, Nokia
[2] R4-1915382, “Discussion on FR2 inter-band CA”, RAN4 #93, Huawei, HiSilicon
3GPP


