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Introduction 
RAN plenary has agreed WI for Further enhancements of NR RF requirements for frequency range 2 (FR2) [1]. Initial discussions started in RAN4#97 meeting where some agreements were reached. In RAN4#98, RAN4#98bis and RAN4#99e meeting further discussions were carried out in RRM with agreed WFs in [8], [11] and [15] as outcome. In this paper we continue the discussion related to RRM for this WI, mainly focus on FR2 inter-band DL CA MRTD related requirements for CBM capable UE.
Discussion
In Rel-16 RAN4 defined UE requirements for inter-band CA in FR2 for UEs supporting independent beam management (IBM). The requirements were developed in a generic manner without limiting the requirements to co-located deployments or not co-located deployments. Inter-band CA requirements for CBM capable UE was not developed in Rel-16. For Rel-17 RAN4 is to develop RRM inter-band CA requirements for CBM capable UE for DL and UL CA for an IBM capable UE. In this paper, we will discuss the MRTD requirements for CBM capable UE in FR2 inter-band DL CA.
Current status on the progress in RF of importance for RRM, is that for inter-band CA following is being discussed:
· Only L+L or H+H combinations are considered
· Inter-band CA between L+H and H+L is not considered
· For L+L, 3 options are considered.
· For H+H, 2 options are considered.
· The maximum supported bands for inter-band CA in FR2 under RF discussion is 2 bands.
In RAN4#98 meeting RAN4 discussed the deployment and UE assumptions for CBM and IBM capable UEs and scenarios [10, 9, 8]. 
Following was agreed related to CBM:
· Deployment scenarios:
· Assumption of deployment and band pair for IBM UE and CBM UE should follow the RF session conclusions (Up to 2nd round discussion).
· UE assumptions:
· UE is assumed to make reception with one beam at a time, i.e. similar to Rel-15 baseline UE assumption.
· At least one active panel at a time can be assumed as baseline for RRM requirements definition.
· A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management.
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP.
And for IBM following was agreed:
· Deployment scenarios:
· Assumption of deployment and band pair for IBM UE and CBM UE should follow the RF session conclusions (Up to 2nd round discussion).
· Follow the agreements in Rel16 i.e. there is no restriction on deployment scenario i.e. network assumes IBM UE supports both co-located and non-co-located deployments.
· UE assumptions:
· IBM capable UE is assumed to be capable of receiving signals for FR2 inter-band CA with different beam directions at the same time.
· A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band.
RAN4#98bis RF progress related to inter-band CA for CBM capable UEs did not reach further agreements which would impact RRM. Some agreements related to UL CA for IBM were reached [13].
RAN4#99e RF progress related to inter-band CA for CBM capable UEs was agreed as below. Some agreement related to UL CA for IBM were reached in [16].
· RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible.
Having the baseline understanding of the agreement related to IBM and CBM in place, we look further at the CBM deployment scenarios and UE requirements. We discuss UL CA for IBM related aspect in our paper submitted under the UL CA agenda item.
As we discussed in earlier meetings, Rel-15 baseline assumption when developing the UE requirements in FR2, was that the UE could receive with single spatial Rx settings at a time (one Rx beam). Additionally, Rel-15 only supported intra-band collocated CA in FR2 with the related maximum receive timing difference requirement as stated in table 7.6.4-1 in 38.133. As DL pathloss delay difference between the carriers in the two bands can be assumed 0, this requirement also leads to very tight network transmit timing requirement. For intra-band NCCA RAN4 has defined MRTD requirements which equals up to TAE.
For Rel-17 inter-band CA for supporting CBM capable UEs, we see that a similar strict timing requirement of 260ns would lead to significant network deployment restrictions and significantly impact possible deployments. We do not see a similar strict timing (and collocation) requirement should be applied to Rel-17 inter-band deployments for CBM use case as assumed in Rel-15 (intra-band CA). More about the MRTD/MTTD in section 2.2. 
In the following sections we look at network deployments and MRTD requirements for CBM capable UE in FR2 inter-band DL CA.

Network deployment, synchronization and QCL assumption
A CBM capable UE, would not be required to operate with independent Rx beams. Such UE would be assumed using a common beam and common beam management relying at least on 1 DL RS in one band for Rx beam steering. 
We see such UE like the MPUE-Assumption1 or MPUE-Assumption3 (RAN1 UE types introduced in RAN1#AH109): 
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time. 
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for Tx.
Whether the UE support MPUE-Assumption 1 or MPUE-Assumption3 is up to UE implementation. Both these assumptions are similar to the assumption used when developing the Rel-15 RRM requirements (when assuming one RX beam) and hence, the reason why we see that Rel-15 RRM requirements can be re-used as baseline for developing RRM requirements for a Rel-17 CBM UE.
RAN4 will of course need to discuss each requirement separately to identify possible changes would be needed to the baseline Rel-15/16 RRM requirements. 
When discussing UE requirements for a UE supporting FR2 inter-band CA, the cell deployment assumptions in the inter-band CA scenario may be fully co-located or almost co-located as illustrated in the following figure. 
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Figure 1 The cell location in the inter-band co-located CA may be fully or almost co-located.
The fully collocated scenario is assumed in the basic Rel-15 UE RRM requirements for intra-band CA in FR2. Colocation information is given to the UE by the QCL configurations which are configured to the UE by the network. Based on the configured QCL information the UE can assume the network deployment, DL signal alignment and can direct the UE Rx beam accordingly.  
For inter-band CA we do not see it feasible from network deployment to have similar strict assumption on the network deployment and synchronization between the two bands as is defined for intra-band NCCA. Such strict timing requirements would limit the network deployment options significantly. 
It is the deployment and the network configuration that dictates whether two cells can be observed as QCL’ed by the UE or not. The network configuration of the QCL information (and thereby the QCL assumption used by UE side) does not dictate the network synchronization requirements but only assists the UE to steer the Rx beam settings. Hence, the network can configure RS from 2 cells as QCL Type-D although they are not fully collocated but only almost fully collocated. There may of course be a potential negative impact on the UE performance if the synchronization offset between the cells is significant as pointed out by several companies.
For FR2 inter-band CA for CBM it would be similar. In RAN4#98bis it was agreed:
· Agreements (in GTW): 
· Define MRTD and RRM requirements for CBM capable UEs based on co-located deployment scenarios only. 
· There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs.
· Note: this does not imply that MRTD requirements will be defined based on intra-band CA assumptions
Hence, the cells used in the FR2 inter-band CA may or may not be collocated. As the CBM UE will use the beam management RS from the cell in which the UL BWP is located, the network would configure other necessary RS in other cells as QCL Type-D with the cell in which the UL BWP is allocated. This way the UE will know exactly where to steer the Rx beams.
As long as the DL reception from each cell in the bands are within the CP (if UE is assumed one single FFT) the UE would be able to receive the data from both cells. In last meeting it was raised that possible UE Rx beam switch delay and possible UE DL timing inaccuracy would need to be accounted as well.
Based on this background we now look more specifically on the MRTD requirements for CBM capable UE in FR2 inter-band DL CA.
MRTD for inter-band DL CA for CBM capable UE
We understand that the RRM requirements for FR2 inter-band DL CA, RAN4 would need to look on the MRTD requirements for inter-band CA in FR2. RAN4 already has agreed following requirement:
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.



These requirements capture the non-co-located deployment assumption supported by IBM capable UEs but does not specifically state what the MRTD requirements for inter-band CA in FR2 under CBM. Currently no CBM-specific RRM and MRTD requirements are specified in Rel-16. Such UE requirements would need to be discussed and agreed in RAN4.
Firstly, we look at the MRTD RRM requirement.
In last RAN4 meetings, we have discussed the deployment scenario assumption and MRTD for CBM capable UE. Based on the agreed deployment scenarios assumption for CBM in RAN4#98e-bis, agreements for MRTD for CBM capable UE in RAN4#99 meeting were captured in the WF [15] as below: 
	· Issue 1-1-1: MRTD value for FR2 inter-band CA 
· Agreements (in GTW):
·  Candidate options
·  Option 1: MRTD shall not be larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and the max SCS is 120kHz
·  Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a note to stating if the MRTD exceed [TBD us or CP or CP/2] a performance degradation is expected for the first N symbols of the slot
·  N is FFS
·  FFS if degradation applies to each slot
·  Example requirement:
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3 note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [the cyclic prefix length of that SCS], demodulation performance degradation is expected for the first N symbols of the slot.



·  Option 3: Introduce UE capability to support MRTD = [260ns] and/or MRTD = [3us]  
· Further study the candidate options and investigate at least the following open issues
·  Impact of UE RX beam switching and AGC periodicity restrictions on the performance
·  Candidate RRM requirements and performance impacts for the case of MRTD larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and below 3us




As we have already discussed in [17] in RAN4 last meeting, inter-band CA with CBM is different from intra-band CA even though they are similar from the deployment scenario assumptions. From network point of view, because of the difference of transmitter/receiver chain architecture for the case of intra-band CA and inter-band CA, TAE is defined as 260ns and 3us respectively. If MRTD is smaller than TAE for inter-band FR2 CA, it will significantly increase the network synchronization requirements between the two bands and will limit the network implementation. Additionally, it may also impact the operator requirements related to synchronization between multiple RRHs which will increase operators cost.
As we know, MRTD for inter-band CA is specified with the combination of BS TAE and the propagation delay difference among frequency bands of the cell. 
MRTD = TAE + Δ_propagation_time
For a CBM capable UE, the assumption is co-located deployment for inter-band CA. However, since the deployment is up to network configuration and a matter of physically locating the antennas, no matter how the network deploys the cells - co-located or non-co-located, the deployment should ensure that the cells can be observed as QCL’ed by the UE. The network will then configure the UE such that it will regard the cells as QCL Type-D (same source). Hence, the distance between inter-band cells will not be too large. Based on this we can ignore any impact caused by propagation delay. The MRTD for FR2 inter-band CA with CBM could be equal to BS TAE defined in 38.104.
From UE point of view, single RF chain and FFT implementation for UE is assumed for intra-band CA, only single Rx beam forming for corresponding intra-band CCs (component carriers) is assumed possible at same time. For FR2 inter-band CA, multiple RF chain and FFT implementation is expected due to the very wide aggregated bandwidth.  In Last RAN4 meeting, RF session has discussed the single chain and multi chain architectures for CBM capable UE, and RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible. 
If UE is implemented with multi chain architecture, independent AGC and beam switching timelines can be maintained for each band because of independent RF chains, in this case, larger MRTD than CP will not cause the throughput degradation. 
If UE is implemented with single chain architecture, as can be understood and seen from input from many companies in last meeting, the potential negative UE performance impact from larger MRTD happens if the MRTD increases beyond the threshold like CP. If the misalignment at the UE side increases beyond the threshold the UE may not be able to receive the impacted symbols. Hence, UE may have performance loss of typically 1 symbol (but could be more if SCS is large). 
Based on the analysis above, the option 2 in last RAN4 meeting would be more reasonable which can account both UE and network concerns. 
1. Option 2 is reasonable for MRTD requirements for CBM capable UE in FR2 inter-band DL CA. 
However, there are two open issues need to be discussed as captured in the WF [15]. 
· Impact of UE RX beam switching and AGC periodicity restrictions on the performance
·  Candidate RRM requirements and performance impacts for the case of MRTD larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and below 3us
· Impact of UE Rx beam switch
UE may need to perform Rx beam switching on serving CC(s) according to network controlled beam management or UE autonomous Rx beam switch. For network-controlled Rx beam switch, it could be happened during Tx-Rx switch in TDD, which will not cause performance degradation. For the case when UE performs Rx beam switch autonomously, In [18] it is shown that the UE Rx beam switch can be performed safe within the DL2UL guard period if properly performed. Hence, it seems feasible in good UE implementation to avoid impact from Rx switching in these cases, and RAN4 should evaluate the feasibility. Based on such evaluation RAN4 would be able to define UE requirements with MRTD of 3us while accounting both UE and network concerns. 
We understand that when UE perform autonomous Rx beam switch is up to UE’s implementation, we would need to consider the performance impact by Rx beam switch in the case of MRTD larger than the threshold like CP length.
In last meeting, some companies raised the worst case that UE may perform Rx beam switch in every symbol or every slot, however, we do not think this case will happen at every slot. We agree that the Rx beam switch may happen at any slot, but we do not expect that it will happen at every slot. When the Rx beam switch happens in a slot, performance degradation is expected for the first symbol of the slot if the receive time difference exceeds the threshold like CP length. Hence, we propose as below:
MRTD of 3us is agreed for inter-band CA in FR2 under CBM with a note stating ‘This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.’
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.



We provide TPs how the changes can be captured in the specifications in Annex in this paper.
Agree the TP provided.

Conclusion
In RAN4#99e meeting the discussions related to FR2 inter-band CA UE requirements continued. In this paper we continued the discussion related to MRTD requirements for this WI. We addressed the open items listed in the agreed WF including MRTD requirements. 
1. MRTD of 3us is agreed for inter-band CA in FR2 under CBM with a note stating ‘This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.’
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.



Agree the TP provided.
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Annex: Text Proposal for MRTD requirements in 38.133
Here is the text proposal for FR2 inter-band CA MRTD requirements for CBM capable UE. 
<Start of Text Proposal>
7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3 note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band, where X is defined in Table 7.6.4.3.



Table 7.6.4-3: The Threshold X for FR2 inter-band CBM capable UE
	Sub-carrier spacing in PCell (kHz)
	Tcp, CP length (us)
	Tbeam, UE Rx Beam switch time (us)
	X (Tcp - Tbeam) (us)

	60
	1.17
	[TBD]
	[1.17-TBD]

	120
	0.59
	[TBD]
	[0.59-TBD]




<End of Text Proposal>
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