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Introduction
For several meetings RAN4 has discussed RRM requirements for interband CA on FR2, both for common beam (CBM) and independent beam (IBM) UEs. Although progress has been made and the latest way forward may be found from TBD, our view is that one difficulty is that the CA scenarios which are supported by a CBM UE have not been clearly defined.
In LTE, different CA scenarios were discussed in release 10. The same CA scenarios could be considered to be relevant for NR CA, although FR2 beamforming aspects can be considered in addition. The understanding is that CBM UE would typically be used and support a collocated scenario, meaning that CA scenarios #1 and #2 are potentially relevant for a CBM UE.
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	


	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	


	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	


	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenarios are both when F1 and F2 are DL non-contiguous carrier on the same band, e.g., 1.7 GHz, etc. and F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	


	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	





Discussion
One issue under discussion in the corresponding FR2 interband RF work item is the power imbalance which should be assumed for the generic band combination being considered in R16 (28GHz+40GHz). In [2], system level studies were performed, and the results indicated that “The result shows that power imbalance at 50%-tile CDF is about 8dB and worst case (at 100%-tile CDF) of power imbalance is above 30dB. This indicates that if we utilize FR2 inter-band CA, UE may need to be able to handle 30dB power imbalance.”. Based on this result, the proponents proposed that “RAN4 should assume at least 30dB power imbalance capability for FR2 inter-band CA (28GHz + 40GHz) regardless of co-located or non-col-located deployment assumption.”. However, another view is that if there was a large power difference, it may be reasonable to expect that the network de-configures CA, as considering the relative tight link budget in FR2, channel quality of secondary CC is likely not sufficient to support an inter-band CA operation if it is more than 25 dB below the primary CC, and the inter-band CA operation will be de-activated.
For the purposes of this discussion, we note that the UE RF session has discussed multiple PSD differences, in the ranges 0-6.5dB and 20-30dB. The latter case is clearly extremely challenging to support with a common gain setting due to the large dynamic range this would imply to receive both carriers. The topic is still open in RAN4 RF, and it would not be correct to open the same discussion in RRM. However, our view is that RRM requirements and UE RF requirements should be consistent. If it is expected that CBM capable UEs can work with >20dB PSD difference then there are implications for RRM requirements such as:
· Independent BFD for Scell may be needed
· 2 RX architecture may be assumed with corresponding impact to interruption assumptions, AGC etc

Observation 1 : RAN4 RRM work for CBM UE needs to await the outcome of discussion on PSD for UE RF session to ensure consistency of requirements.
We now turn our attention to aspects from the way forward agreed in RAN4#95-e.
Interruption requirements
For IBM UEs, it is decided that existing interband requierments will be reused (eg from FR1+FR2 interband CA). For CBM UEs, 3 options were discussed.
· Option 1: the existing interruption requirements of intra-band CA can be applied.
· Option 2: the interruption requirements can be defined as the current interruption with adding a SMTC duration which is the longest SMTC duration among all the serving cells in this FR2 band pair.
· Option 3: RAN4 RRM need feedback on the RF architectures of common beam UEs from RF session, e.g. in different band combinations.
Considering observation 1, option 3 seems suitable. Option 1 assumes a single RX chain with AGC settling time for a common AGC, but this architecture could only be assumed if the PSD difference is small.
Proposal 1 : Decide CBM UE interruption requirements once PSD difference is decided by UE RF.
Beam management
There seems to be a typo in the WF
Beam management resource configuration for CBM UE:
· It is left to network to decide whether to configure BFD/CBD measurements on SCell
Beam management requirements for CBM UE:
· For BFD/CBD on PCell/PSCell
· R15 BFD/CBD measurement requirements in FR2 can be applied for FR2 inter-band CA scenario.
· Working Assumption for BFD/CBD on SCell
· RAN4 to use SCell BFD/CBD requirements as being defined in eMIMO WID as baseline.
· For L1-RSRP reporting.
· R15 L1-RSRP measurement requirements in FR2 can applied for FR2 inter-band CA scenario. 
We understand that the first bullet (highlighted) is actually for an IBM UE.
For the CBM UE, most aspects are decided but there is a working assumption on BFD/CBD for the Scell. This working assumption could be applied even if the PSD was moderate (eg 6dB) but becomes more critical the bigger the difference in coverage between bands. Nevertheless, we think it could be reasonable to adopt the working assumption as a decision
Proposal 2 : RAN4 to use SCell BFD/CBD requirements as being defined in eMIMO WID as baseline.
Scheduling restriction requirements
Scheduling restriction requirements for IBM UEs are settled as there are no scheduling restrictions except for the cases discussed later which also impact CBM UEs. We think that RAN4 specifications should always assume that there are no scheduling restrictions except for cases where the UE is allowed a restriction. So for the WF
The scheduling availability requirements for FR2 inter-band CA scenario shall be introduced to clarify there is no scheduling restriction if UE uses independent beam.
Our preference would be to clarify only cases where there are expected to be scheduling restrictions from a specification point of view.
Proposal 3 : The IBM scheduling availability requirements for FR2 inter-band CA scenario do not need to be introduced as  there is no scheduling restriction if UE uses independent beam. Only cases where there are scheduling restrictions need to be explicitly mentioned in the spec.
For CBM UEs it is clear that they have similar scheduling restrictions as intraband CA, since the UE can only beamform in one spatial direction at a time. However, for both CBM and IBM UEs there are still 3 cases which are open for scheduling restrictions:
· Case 1: network configures simultaneous UL/DL between between two FR2 bands if the UE does not have the capability of supporting simultaneousRxTxInterBandCA.
· Case 2: network configures mixed numerology on two FR2 CCs if the UE does not have the capability of supporting simultaneous reception with two different numerologies between FR2 CCs in DL.
· Case 3: network configures mixed numerology between SSB and data on two FR2 bands if the UE does not have the capability of simultaneousRxDataSSB-DiffNumerology in FR2.
The definitions of these capabilities are provided below
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	simultaneousRxTxInterBandCA
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4].
	BC
	CY
	No
	No

	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	UE
	No
	No
	Yes

	supportedSubCarrierSpacingDL
Defines the supported sub-carrier spacing for DL by the UE, as defined in clause 4.2-1 of TS 38.211 [6], indicating the UE supports simultaneous reception with same or different numerologies in CA. Support of simultaneous reception with same numerology for intra-band NR CA including both contiguous and non-contiguous is mandatory with capability in both FR1 and FR2. Support of simultaneous reception with two different numerologies between FR1 band(s) and FR2 band(s) in DL is mandatory with capability if UE supports inter-band NR CA including both FR1 band(s) and FR2 band(s). Optional for other cases. Support of simultaneous reception of with different numerologies in CA for other cases is optional.
	FSPC
	CY
	No
	No



BC= Per band combination
UE=Per UE
FSPC= Per feature set per component carrier (per CC per band per band combination)
CY= in the column indicates the associated feature is conditional mandatory and the condition is described in the field description and the associated feature is considered mandatory with capability parameter
In all of case 1-3, the UE is configured to operate outside its capabilities, and it would need to prioritise a certain operation in scheduling restriction eg
Case 1 : Prioritise UL transmission on one of the bands, or DL reception on the other band when there is a collision
Case 2 : Prioritise either SSB reception or data reception in case there is a collision.
Case 3 : Prioritise one of the subcarrier spacings, such as the PCC subcarrier spacing in case there is a collision.
Although such rules could be derived and expressed as scheduling restrictions for the “lower priority” operation, our view is that such rules are fairly arbitrary and may be time consuming to discuss in RAN4. In general, similar discussion could be applied to FR1 interband CA so this is not a unique problem for FR2. For this reason, our view is that the network should respect UE capabilities, and not configure RRC in such a way or schedule operations which the UE has indicated it cannot support. Hence we propose
Proposal 4 : UE scheduling restriction behaviour is not defined for case 1-3
For measurement restrictions, the case is the same, and the corresponding proposal is
Proposal 5 : UE measurement restriction behaviour is not defined for case 1-2
Scell activation requirement
The remaining open issue is for CBM UEs and so called case 2 with an unknown Scell. Case 2 corresponds to “SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR2” and the options are
· For CBM UEs in the Case 2, if the target SCell is unknown, FFS the SCell activation delay requirements.`
· Option 1: the existing SCell activation delay requirements for FR1+FR2 CA without L1-RSRP measurement delay can be reused.
· Other options are not precluded.
The existing requirement for FR2 Scell activation with no active Scell already on FR2 and PCell/PSCell on FR1 (with L1 RSRP measurement delay highlighted) is:
If the target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	8ms+24*Trs  + Tuncertainty_MAC + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + TFineTiming 
If the target SCell is unknown to UE and periodic CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	3ms + 24*Trs + TL1-RSRP, measure + TL1-RSRP, report + {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.
The assumption in excluding L1 RSRP measurement in the FR2+FR2 case is that the Scell can be considered active when the UE reports valid CQI for the Scell, regardless that it has not measured L1 RSRP on all the beams. For a CBM UE, the UE would need to be scheduled on Scell using the same TCI state as PCell, so the assumption from the network that it is not necessary to wait on measurement report is reasonable.
Proposal 6 : For CBM UEs the existing SCell activation delay requirements for FR1+FR2 CA without L1-RSRP measurement delay can be reused.
Conclusions
Proposal 1 : Decide CBM UE interruption requirements once PSD difference is decided by UE RF.
Proposal 2 : RAN4 to use SCell BFD/CBD requirements as being defined in eMIMO WID as baseline.
Proposal 3 : The IBM scheduling availability requirements for FR2 inter-band CA scenario do not need to be introduced as  there is no scheduling restriction if UE uses independent beam. Only cases where there are scheduling restrictions need to be explicitly mentioned in the spec.
Proposal 4 : UE scheduling restriction behaviour is not defined for case 1-3
Proposal 5 : UE measurement restriction behaviour is not defined for case 1-2
Proposal 6 : For CBM UEs the existing SCell activation delay requirements for FR1+FR2 CA without L1-RSRP measurement delay can be reused.
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