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1. Introduction
In RAN#98e meeting, RAN4 has some discussion on RRM requirements for FR2 inter-band DL CA and UL CA, and the related WF was approved in [1]. In this contribution, we would like to have some further discussion on the RRM requirements for FR2 inter-band DL CA and provide our proposals.
2. Discussion
Scenarios assumption for RRM requirements with CBM
In last meeting, the deployment scenario assumption for CBM and IBM was discussed. And the consensus is that RRM session should follow the RF session conclusions on the assumption of deployment and band pair for IBM and CBM. And in RF session, the following agreements in [2] were made on the deployment scenario with CBM.
	WF on network deployment for inter-band DL CA based on CBM
· network deployment restriction for CBM
There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs. 
UE RF requirements for CBM shall be derived based on co-located deployment scenario only.



According to the agreements made in RF session, there is no deployment restrictions (non-co-located and co-located) for network to configure inter-band DL CA for CBM UEs. However, for the UE RF requirements, the UE with CBM capability shall be derived based on co-located deployment scenario only. From RRM perspective, we think the similar approach can follow to define the RRM requirement for CBM capable UE.
Proposal 1: The RRM requirements for CBM capable UE shall be derived based on co-located deployment scenario only.
MRTD and MTTD requirements for CBM capable UE
In RAN4#98e meeting, the MRTD and MTTD requirements for FR2 inter-band CA was discussed. And it was agreed the MRTD and MTTD requirements for IBM can apply the Rel-16 MRTD and MTTD requirements for FR2 inter-band CA respectively. However, for CBM case, the MRTD and MTTD requirements are highly related to the deployment scenario and UE assumption. According to the discussion in last e-meeting, the following WF was reached on MRTD and MTTD for CBM.
	Topic # 1-2 MRTD for CBM 
· Issue 1-2-1: Can we assume symbol level alignment within CP length?  
   FFS:
· Option 1: Symbol level alignment should be with CP length (Apple, MTK, Xiaomi, OPPO)
· Option 2: We cannot assume symbol level alignment for common beam management (E///, Nokia).
· Option 3: RAN4 should focus on how to define MRTD requirements for CBM UE (Huawei, Intel)
· Issue 1-2-2: How to determine MRTD for FR2 inter-band CA?  
· FFS:
· Option 1: Reuse FR2 intra-band MRTD i.e. 260ns (Apple, Intel, OPPO, MTK, LG, QC, Xiaomi)
· Option 2: 3us (NEC, Nokia, E///)
· Option 3: 3us MRTD requirements can be applied for co-located deployment and >3us MRTD requirements can be applied for non-co-located deployment (Huawei, E///)
· Option 3a: 4~5us (Huawei)
· Option 3b: 8us (Huawei)
· Tentative Agreements in GTW for further discussion:
· Inter-band MRTD is FFS
· MRTD requirements are derived under assumption of co-located deployments
· Note: this does not preclude using co-located or non-co-located deployments in the field
· MRTD value
· Option 1: 260ns (i.e. FR2 intra-band MRTD)
· Option 2: 3us
· Other options are not precluded
· Companies are encouraged to evaluate the impact on the performance in case of using MRTD larger than CP
Session chair: No consensus reached. Continue the discussion.
· Issue 1-2-3: Performance impact due to Rx beam switching  
   FFS:
· Option 1: Demodulation performance degradation due to Rx beam switch should be noted in MRTD requirements for CBM UE if MRTD is larger than CP (LG, Xiaomi, Huawei, OPPO)
· Option 2: In worst case performance degradation of up to 1 OFDM symbol is allowed for UE operating in CBM during RX beam switch (NEC)
Option 2a: The impact of Rx switch can be beyond 1 symbol. (Apple, Intel)
· Option 3: RAN4 should further study in Rel-17 to reduce the worst case (1 OFDM symbol or beyond) performance degradation (NEC, Intel)
· Option 4: UE could safely switch beams (E///)
· Option 5: Define different sets of requirements (260ns vs 3us) based on the UE capability and leave the degradation issue resolution to UE implementation. (Intel)
· Option 6: introduce a mechanism to allow UE to autonomously switch its beams, e.g. scheduling/measurement restriction (Qualcomm)
Topic # 1-4 MTTD for CBM
· Issue 1-4-1: How to determine MTTD for CBM?  
    FFS:
· Option 1: 3.5 µs on condition of UE capability indication
· Option 2: If CBM based FR2 inter-band UL CA would be introduced in Rel-17, then RAN4 needs to study the MTTD requirement applicable for CBM based FR2 inter-band CA, and it is based on the conclusion of MRTD requirements for CBM UE. 
· Issue 1-4-2: Performance impact due to Tx beam switching  
· Agreement: RAN4 needs to study how to handle impact on performance due to Tx beam switching.  


For co-located deployment scenario, some companies proposed to define 3us as the MRTD requirement. From UE perspective, when UE receives FR2 inter-band CA with common beam management, if the MRTD is larger than CP length, e.g. 3us, it may cause unpredictable interruption on serving cell#2 due to UE Rx beam switching as shown in figure 1. As the UE Rx beam switching procedure is transparent to network and UE can switch its Rx beam at any DL symbol boundary. As a result, the demodulation performance can be significantly degraded at any DL symbol(s) due to the unpredictable UE Rx beam switching if the MRTD is larger than CP. Therefore, for the CBM capable UE, the MRTD should be smaller than CP length in order to guarantee the UE Rx beam switching can be performed within CP and avoid the interruption on DL reception for CCs.


Figure 1: Illustration of MRTD is larger than CP
Observation 1: When the MRTD is larger than CP, the demodulation performance can be significantly degraded at any DL symbol(s) due to the unpredictable UE Rx beam switching.
Observation 2: For the CBM capable UE, the MRTD should be smaller than CP length in order to guarantee the UE Rx beam switching can be performed within CP and avoid the interruption on DL reception.
Proposal 2: For FR2 inter-band DL CA with CBM, the MRTD shall be defined as 260ns.
For MTTD requirement with CBM capable UE, the similar consideration should be taken into account, the MTTD should be smaller than CP length to avoid the interruption on uplink transmission. And the MTTD requirement is derived of MRTD requirement and uplink transmission error. As the maximum of Te in FR2 is defined as 3.5 Ts , thus, we propose to define the MTTD as 260 + 115 = 375ns.
Observation 3: For the CBM capable UE, the MTTD should be smaller than CP length to avoid the interruption on uplink transmission.
Proposal 3: For FR2 inter-band DL CA with CBM, the MTTD shall be defined as 375ns.
Interruption requirement
According to the agreed WF in [1], for inter-band CA with CBM capable UE, the following options should be considered when defining the interruption requirements:
	· Issue 1-6-2: Interruption requirement
    FFS:
· Option 1: The existing interruption requirements of intra-band CA can be applied (Intel, OPPO, MTK, LG, QC, OPPO, Intel, Nokia)
· Option2: The interruption requirements applied for CBM based FR2 inter-band CA need to be introduced in Rel-17, which need RF inputs on the RF architecture of CBM type UE (Huawei, MTK, Xiaomi, OPPO, Apple, NEC, E///)


Compared with interruption requirement for inter-band CA, the additional one SMTC duration is considered due to the AGC setting when specifying the interruption requirement specified for intra-band CA. For inter-band CA with CBM, the UE select one common Rx beam to receive all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal. As the topologies for CBM capable UE are under discussion in RF session, if the single beam forming network shared by both bands, the antenna-to- ADC resources are shared across bands (same antenna, LNA, AGC, etc), this UE topology of inter-band CA with CBM is similar as intra-band CA case, thus, the existing interruption requirement of intra-band CA should be applied. 
Observation 4: if the single beam forming is shared by both bands, the existing interruption requirement of intra-band CA should be applied.
If multiple beam forming used and each dedicated to one band, the independent RF chain with independent AGC setting will be assumed for inter-band CA. For the band includes aggressor CC should apply the existing interruption requirement of intra-band CA, as the potential AGC setting need to be considered. However, for the victim cell in the band without aggressor CC, there is no need to evaluate the AGC setting. So, the existing interruption requirement of inter-band CA can be applied.
Observation 5: if the multiple beam forming is used and each dedicated to one band, for the cell(s) in the band including aggressor CC, the existing interruption requirement of intra-band CA shall be applied. And for the victim cell in the band without aggressor CC, the existing interruption requirement of inter-band CA shall be applied.
As the specified interruption requirements should apply to all the possible UE topologies, thus, the interruption requirements should be derived based on the worst UE topology, and the existing Rel-16 interruption requirements of intra-band CA should be applied.
Proposal 4: For inter-band CA with CBM, the existing Rel-16 interruption requirements of intra-band CA shall be applied.
3. Conclusion
In this contribution, we have some further discussion on the RRM requirements for FR2 inter-band DL CA and provide our proposals.
Proposal 1: The RRM requirements for CBM capable UE shall be derived based on co-located deployment scenario only.
Observation 1: When the MRTD is larger than CP, the demodulation performance can be significantly degraded at any DL symbol(s) due to the unpredictable UE Rx beam switching.
Observation 2: For the CBM capable UE, the MRTD should be smaller than CP length in order to guarantee the UE Rx beam switching can be performed within CP and avoid the interruption on DL reception.
Proposal 2: For FR2 inter-band DL CA with CBM, the MRTD shall be defined as 260ns.
Observation 3: For the CBM capable UE, the MTTD should be smaller than CP length to avoid the interruption on uplink transmission.
Proposal 3: For FR2 inter-band DL CA with CBM, the MTTD shall be defined as 375ns.
Observation 4: if the single beam forming is shared by both bands, the existing interruption requirement of intra-band CA should be applied.
Observation 5: if the multiple beam forming is used and each dedicated to one band, for the cell(s) in the band including aggressor CC, the existing interruption requirement of intra-band CA shall be applied. And for the victim cell in the band without aggressor CC, the existing interruption requirement of inter-band CA shall be applied.
Proposal 4: For inter-band CA with CBM, the existing Rel-16 interruption requirements of intra-band CA shall be applied.
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