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Introduction
In this contribution we continue the discussion on RRM requirements for FR2 interband operation
Discussion
A way forward was agreed in RRM session [1]. There was also discussion in the RF session and RF has the following way forward which is provided for reference since RRM session decided on the need for alignment with RF decisions
RRM requirements work for FR2 inter-band CA should be aligned with the deployments, scenarios, band combinations and RF architectures discussed for release 16 for FR2 inter-band CA in the RF session.
	CBM = common beam management between the band pair
IBM = independent beam management between the band pairs
How to distinguish between CBM and IBM band pairs will be further discussed and decided in RAN4#95. 
Choose between two alternatives: 
A) per band pair capability to declare IBM or CBM
B) IBM / CBM band pairs defined in specification. 
Network does not assume CBM UE supports non-co-located deployment
This doesn’t mean the network cannot configure CBM UE in non-co-located deployment 
Network assumes IBM UE supports both co-located and non-co-located deployments
PSD difference between bands in Refsens i.e. peak EIS: 
Agree PSD difference is within a range[6.5 – 30] dB and RAN4 aims to agree one number in RAN4#95
PSD difference between bands in EIS spherical coverage: 
Agree a range[6.5 – 30] dB and target to agree one number in RAN4#95



Reference receiver architectures for IBM and CBM
In our understanding, there is no clear view on reference receiver architectures for IBM and CBM, although for many of the RRM open issues such as those related to interruptions and scheduling restrictions, it would be very relevant to decide on suitable requirements. Essentially, the current RF understanding is simply that IBM UEs support both collocated and non-collocated deployments, whereas the agreements for CBM from the network side do not assume that the CBM UE can support non-collocated deployment.
Since some understanding of architecture is necessary to proceed with the discussion, we provide some tentative views of the architectures of both IBM and CBM UEs although these are naturally subject to confirmation and alignment with the RF session, and it would be a decision for the RF session to take.
IBM UE
By definition, an IBM UE must have independent beams for band X and band Y where it performs CA of X+Y. To implement such a UE without digital beamforming requires two independent and simultaneously active analogue beamforming antenna arrays. There may also be multiple antenna panels as with single band FR2 operation, however this is not an aspect which we need to discuss in detail. The main point is that to perform independent beamforming, the UE must be able to control the phase codewords of the antenna arrays independently.
Since there are two independent and simultaneously active antenna arrays, it follows necessarily that there must also be two independent downlink receivers following these antenna arrays, providing two separate I-Q streams of samples to baseband processing. AGC receiver gain setting would be independent since the RF chains do not share any components (separation occurs already at the antenna arrays).
Observation 1 : Independent beamforming UE consists of two simultaneously active and independent antenna arrays followed by 2 independent FR2  RF chains.
CBM UE
There are more options for the implantation of a CBM UE, and discussion is needed on which RF components may be assumed to be shared in a CBM UE. Certainly, there is a single active antenna array since this is the definition of why the UE has a limitation of beamforming in a common direction. The question which needs to be addressed is whether any of the post antenna array components in the receiver are also shared. For example, it is possible to envisage that initial front end filtering is also shared between band X and band Y and then perhaps the signal is separated at the IF stage.
For the purposes of analysis we will assume that only the antenna array is shared in the common beam architecture and other front end components are not shared. As indicated this is subject to confirmation by RF, however it is necessary to make some assumptions to address CBM UE RRM requirements in a reasonable manner, since otherwise aspects such as interruption can only be based on company preferences rather than any concrete analysis.
Hypothesis 1 : Common beamforming UE consists of a single antenna array followed by 2 independent FR2 RF chains
In table 1 we provide analysis of requirements areas in the RRM way forward based on observation 1 for IBM UEs and hypothesis 1 for CBM UEs

	Requirement
	IBM UE analysis
	CBM UE analysis

	Interruptions
	Since there are two independent RF chains, the release 15 interband CA interruption requirements framework can be reused. Exact values can be discussed but we do not expect longer interruption when starting or stopping an FR2 RF chain given that  FR2 LO settling times in RAN4 have already been agreed to be 250us rather than 500us as for FR1.
This is consistent with the statement in the RRM way forward “For a FR2 inter-band CA combination with using independent beam management, the existing interruption requirements for inter-band CA can be applied”
	As independent RF chains are still assumed under hypothesis 1, starting or stopping one of the RF chains would result in release 15-like interband interruptions. There is assumed to be no AGC interaction and the gain of receiver chains can be set independently.
Hence the release 15 interband CA interruption requirements framework can be reused, and the interruption durations are likely to be the same for CBM and IBM UEs.
This is consistent with the statement in the RRM WF “If the separate RF chains are assumed for FR2 inter-band CA combination with using common beam management, the existing interruption requirements of inter-band CA can be applied.”

	Beam management
	It should be noted that the NW may (e.g. in case of collocated deployment) configure an IBM capable UE without exploiting its IBM capabilities (i.e. configure BM to work in a CBM-like manner).
To exploit the IBM features  the agreements in the WF are necessary
For BFD/CBD on PCell/PSCell
R15 BFD/CBD measurement requirements in FR2 can be applied for FR2 inter-band CA scenario.
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.
	The main open issue is whether BFD/CBD is necessary on SCells. If CBM is used on 28+39GHz, the coverage of 28GHZ and 39GHz could be different, so it appears necessary for the UE to be able to perform BFD and CBD on each beam. L1 RSRP reporting on each band also appears beneficial, since it may not always be the PCell which has the most limited coverage.
We do not see any technical limitation why a CBM UE cannot performed
Proposal 1 : CBD UE performs BFD/CBD on Scell based on requirements being defined in eMIMO WI.
Proposal 2 : CBD UE performs L1-RSRP reporting on SCells according to R15 measurement requirements.

	Scheduling availability
	From RF perspective the way forward already indicates there should be no scheduling restrictions of band X from measurements on band Y and vice versa. The main open issues relate to baseband and procedures and whether there is a scheduling restriction arising from different numerologies or collision between UL and DL transmission.
For different numerologies, independent sampling and FFT will be used per band. So we see no need for scheduling restrictions between bands related to different numerologies on the bands.
For collision between UL and DL transmission we see no specific need to prevent transmission on band X UL if the UE is receiving DL on band Y. If it is known that the uplink will cause interference to the downlink, gNB scheduling should take care of the issue. At any rate, this issue is about data transmission and reception and is more of an RF than RRM issue.
Proposal 3 : 
For IBM there are no scheduling restrictions on one FR2 band due to RLM/BFD/CBD/L1-RSRP measurements being performed on another FR2 band.
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.

	For CBD UE, it is clear that there need to be scheduling restrictions. The scheduling restrictions are essentially the same as for intra-band CA operation. This is consistent with the way forward already agreed “The scheduling availability requirements for FR2 inter-band CA scenario shall be introduced to clarify there is scheduling restriction on one FR2 band due to RLM/BFD/CBD/L1-RSRP measurements being performed on another FR2 band if UE uses common beam.
The existing scheduling restriction requirements on FR2 shall be extended to serving cells in different bands.”

	Measurement restrictions
	No measurement restrictions should be necessary for IBM UE
Proposal 4 : No measurement restrictions are specified between bands for IBM UE
	The open issue is whether measurement restrictions are needed when Transmission points of each FR2 band are co-located.
FFS whether QCL type D between measurement resources of each band is needed.
Time domain allocation of each measurement RS is partially or fully overlapped.
Since the CBM UE has a possibility to beamform in a single direction for both bands, we think QCL type D (common spatial receive parameters) is necessary when measurement restrictions are not needed.
Proposal 5 : Measurement restrictions are needed for CBM UE unless QCL type D applies between measurement resources on each band

	Scell activation/deactivation
	Case 1 is agreed already in WF
SCell activation requirement for case 1: SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band
The existing SCell activation delay requirements in case of “SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band” can be reused for FR2 inter-band CA.
Case 2 is already agreed in the WF
SCell activation requirement for case 2: 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
For FR2 inter-band CA combination with independent beam. 
The existing requirement of “SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1” can be applied.
	Case 1 is agreed already in WF
SCell activation requirement for case 1: SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band
The existing SCell activation delay requirements in case of “SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band” can be reused for FR2 inter-band CA.
For case 2, the aspects that need to be studied are
The SCell activation delay for case 2 can be studied from the following aspects:
Whether AGC settling time need to be included.
Whether cell search time need to be included.
Whether fine timing tracking delay need to be included.
AGC settling : Since we assumed that common beam would have independent RF chains in hypothesis 1, AGC settling time could be necessary. Although the band X and band Y nodes are assumed to be collocated, there is no assumption that the transmission power nor the pathloss is the same
Need for cell search time: This can be further discussed when MRTD aspects of interband CA have been decided
Need for fine tracking delay: This can be further discussed when MRTD aspects of interband CA have been decided, although our initial expectation  is that fine tracking is necessary under hypothesis 1, since independent receivers and RF chains are used per band.
Proposal 6: AGC settling time is needed in case 2 Scell activation for CBM UE. Need for cell search time and fine tracking delay can be considered once MRTD requirements are decided




Conclusions
We analyze RRM requirements for IBM and CBM UE with the following observation and hypothesis on UE RF architecture:
Observation 1 : Independent beamforming UE consists of two simultaneously active and independent antenna arrays followed by 2 independent FR2  RF chains.
Hypothesis 1 : Common beamforming UE consists of a single antenna array followed by 2 independent FR2 RF chains

Based on this, we make proposals based on the WF:
Proposal 1 : CBD UE performs BFD/CBD on Scell based on requirements being defined in eMIMO WI.
Proposal 2 : CBD UE performs L1-RSRP reporting on SCells according to R15 measurement requirements.
Proposal 3 : 
For IBM there are no scheduling restrictions on one FR2 band due to RLM/BFD/CBD/L1-RSRP measurements being performed on another FR2 band.
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.
Proposal 4 : No measurement restrictions are specified between bands for IBM UE
Proposal 5 : Measurement restrictions are needed for CBM UE unless QCL type D applies between measurement resources on each band
Proposal 6: AGC settling time is needed in case 2 Scell activation for CBM UE. Need for cell search time and fine tracking delay can be considered once MRTD requirements are decided
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