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	Introduction
In this contribution, we provide our views on MRTD requirement for FR2 inter-band CA and RRM requirements for CBM UEs. 
	Discussion
	MRTD value for Common Beam Management
In last meeting it was agreed to define the RRM requirement for CBM UE based on the co-located deployment scenarios only. Since RRM requirements also include MRTD requirement, for deriving MRTD requirements too it is safe to assume co-located deployment.  
Further in last meeting following WF [1] is agreed.
· MRTD value in FR2: Candidate options
· Option 1: Do not define any requirements for CBM UEs for FR2 inter-band CA
· Option 2: Introduce UE capability to support MRTD = 260ns and MRTD = 3us 
· Option 3: MRTD = 260ns 
· Option 4: MRTD = 3us 
· Other options are not precluded
· Note 1: Decision shall be made in RAN4 #99-e
· Note 2: Companies are encouraged to bring further analysis on achievable MRTD from the network and UE perspectives and the possible impact on the implementation and performance

As per chairman guidance companies are supposed to bring what is the achievable MRTD value from network and UE. Based on the chairman guidance, to analyze the achievable MRTD value, we look at TR 38.817-02, as it was the TR for the study phase. 
First we look at the receiver architecture of TR 38.817 and then the analysis of MRTD computation from the TR 38.817.
Receiver architectures: Different receiver architectures are described for different CA configuration in TR 38.817. The same is produced below for reference receiver architecture for FR2 inter-band CBM UE. From figure 1 of TR 38.817, we can observe that for CBM FR2 inter-band CA UE it is safe to assume multiple RF, multiple FFT and multiple baseband modules. 
MRTD computation from TR 38.817:
The analysis from TR 38.817 for Inter-band CA MRTD is provided below for reference. 

From [21] existing relative base station synchronization requirement is 260 ns however in [22] the TAE requirements at the UE receiver is 30.260 us. The chosen 30 us is dedicated for the ΔTprop and corresponds to a relative difference of 9km from the transmission points, and then it does not relate to the CP. The requirements require an ideal interface towards common aggregation node.
The 260 ns of the total 30.26 us corresponds to only 0.85% and cannot be considered as a well-balanced requirement.
Marginally increasing the TAE error at the UE e.g. to 33 us (i.e. same as for DC) would allow for a less strict synchronization requirement (Tsync = 3 us) and hence allow for more flexible deployments. Alternative keeping the UE 30.26 us TAE requirement and decreasing the relative propagation difference to 8.2 km instead of 9 km would also allow for Tsync = 3 us.

 Figure 1: Possible UE architecture options for the three aggregated scenarios

From the underlined text in the box above from TR 38.817 we can observe following points.
· Theoretical MRTD value for intra-band non-contiguous CA and inter-band CA is only 30.260us for a non-collocated deployment of inter-band CA
· 30us is for propagation delay between transmission points and 260ns is for relative base station synchronization requirement
· However, To avoid the requirement of an ideal interface towards common aggregation node, practical/actual requirement agreed was 33us. 
That means though Tsync (between transmission points) can be 260ns, it was agreed to be 3us to avoid the limitation of ideal interface towards common aggregation node. 
In our understanding though co-location is assumed for CBM deployment, to avoid the ideal interface towards common aggregation node, we propose to keep the Tsync as 3us for CBM FR2 inter-band CA.
MRTD value can consist of Tsync and Propagation delay difference between the carriers. MRTD can be represented by MRTD = Tsync + Propagation delay difference.
From RF session agreement of UE requirements for inter-band CA are defined within the same freq. group (e.g. 28GHz + 28GHz) for CBM. 
By assuming co-located deployment and bands within the same frequency group, we can assume that propagation delay difference may be close to zero, and to further simplify the discussion we can assume that propagation delay difference to be zero. With propagation delay assumed to be zero, MRTD value is Tsync (i.e. 3us).
Proposal 1: RAN4 to agree that MRTD is 3us for an UE which is capable of CBM.
As we can observe MRTD value of 3µs is greater than cyclic prefix (CP) length for FR2. Though this MRTD value is greater than CP in FR2, for FR2 inter-band CA, from TR 38.817 we can assume that multiple RF chains, FFT and baseband are available at UE, and baseband can handle the MRTD value of greater than 3us and combine signals at baseband, thereby enabling successful decoding of data at this MRTD value. 
One more issue discussed in last meeting was whether RAN4 can assume symbol level alignment within CP length. Based on the above discussion by assuming different RF chains for different bands, UE can decode data successfully till the MRTD is 3us. Therefore our understanding is there is no need for the assumption of symbol level within the CP length.

Proposal 2: RAN4 to agree that symbol level alignment should be within MRTD value (3us) and not within the CP length.  

	RX beam switch during CBM
As discussed in Rel-16, one problem due to MRTD value greater than CP may arise during UE RX beam switch. We analyze the effect of large MRTD value using figure 2.
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Figure 2: Impact of UE Rx beam switching in FR2 inter-band CA
 
Let us consider FR2 inter-band CA between band X and band Y of same freq. group (e.g. 28GHz + 28GHz). As shown in figure 2, let us assume UE decided to switch Rx beam at n+1 OFDM symbol. As we know beam switch happen in CP duration, UE switches Rx beam at CP of n+1 OFDM symbol (of band X signal). However due to large MRTD value, UE will be still receiving nth OFDM symbol on band Y. Since CBM is assumed (common beam direction), due to beam switch, some portion of nth OFDM symbol (for Rx beam switch duration) on band Y may not be received at UE.  Which may result in performance degradation. However, before going to quantify performance degradation, let us look at portion of OFDM symbol which was not received on band Y due to beam switch.
For sub carrier spacing (SCS) of 240 kHz (for SSB), CP length is 0.29us. Since UE can switch within CP length, we can assume Rx beam switch time shall be less than 290ns. Though RAN4 discussing this issue for many meetings, RAN4 did not discuss about the value of RX beam switch delay to quantify the performance degradation. In our view, to analyze the performance degradation RRM session can assume RX beam switch value as 150ns (as working assumption).
If the RX beam switch is planned properly, the performance degradation on other CC can be avoided. Since it is assumed that MRTD is 3us for CBM, when UE start receiving on DL CC after switching from UL transmission, there is a chance that other CCs are not received within 150 ns as MRTD is 3us. If UE can start DL (next UL to DL transition after UE decided to perform RX beam switch) with RX beam switch, then UE can avoid performance degradation on other CCs to the most extent. 
If UE switch RX beam at a start of UL to DL transition, performance degradation can be minimized or avoided. Though RX beam switch is UE implementation dependent, UE can still perform RX beam switch without any performance degradation or minimal performance degradation.  
Proposal 3: RAN4 to agree that UE can switch RX beams (for example if it can switch during start of UL to DL transition) without major performance degradation.
Moreover, as the co-location deployment is assumed for requirements definition, Rx beam switch may not be a very frequent phenomenon for FR2 inter-band CA. If it is not frequent then performance degradation may also not be significant. Hence, in our understanding MRTD of 3us is feasible from UE side without major performance degradation. 
	RRM Requirements for CBM UEs 
Measurement restrictions
In last meeting following options are agreed in the WF [1].
· Option 1: Measurement restriction requirements need to be defined for CBM capable UE for inter-band CA scenario (Qualcomm, Intel, MTK, Apple, Xiaomi).
· Option 1a: Existing Measurement restriction requirements would be applicable (Nokia, Ericsson)
· Option 2: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA (NEC, Huawei).
· Option 3: If MRTD between the two bands is larger than CP length with respect to serving cell numerology, Measurement and/or Scheduling restriction to serving cell(s) on the other band should account for the MRTD, e.g. [x] slots before and after SSB symbols and/or CSI-RS symbol(s) (Qualcomm)


From the RF session agreement of CBM definition “only one CC is configured with beam management RS” and “UE requirements for inter-band CA are defined within the same freq. group (e.g. 28GHz + 28GHz) for CBM”, our understanding is there is no need to define any measurement restriction on other bands as there are no measurements are configured on other bands. 
Proposal 4: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA.
SCell activation delay requirements
Following WF [1] was agreed in last meeting. 
· FFS:
· Case 2: if PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown,
· Option 1: SCell activation delay would be reduced compared to the existing SCell activation delay requirements for FR1+FR2 CA (OPPO, Qualcomm, Intel, MTK, OPPO, Nokia) 
· Option 2: the existing SCell activation requirements in Case 2 with removing L1-RSRP measurement delay can be used for CBM type UE (Huawei, Qualcomm, MTK, Ericsson, NEC).
· Option 3: the SCell activation delay requirements defined for the scenario where there is at least one active serving cell in the band, apply (Nokia, Ericsson)
· Option 4: For CBM UEs, SSB samples for Rx beam sweeping shouldn’t be accounted for in SCell activation latency requirement. (Qualcomm, MTK, Ericsson, NEC)

In our understanding, RAN4 can take the existing SCell activation delay requirement as baseline and can add/remove components for this scenario. Since only one CC is assumed to be configured with RS for beam management for UE operating with CBM in FR2 inter-band CA, L1 RSRP on all the SCells is not possible. Hence we can remove it from the delay requirements definition. If the to be activated SCell is unknown and there is no other cell on that band, RX beam sweeping delay component is included in base line requirements of SCell activation. Since only one CC is assumed to be configured with RS for beam management for UE operating with CBM in FR2 inter-band CA, beam sweeping is not required and can be removed this component from delay requirement equation.  
Based on this assumption we make following proposal.
Proposal 5: When PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown, RAN4 to agree on following principle for deriving the SCell activation delay requirements. 
· L1-RSRP measurement delay is not required in SCell activation delay. 
· SSB samples for Rx beam sweeping is not required in SCell activation delay. 
	Conclusion
In this contribution we have discussed MRTD value for FR2 inter-band DL CA for CBM and discussed RRM requirements for CBM in FR2 inter-band CA and made the following proposals:
Proposal 1: RAN4 to agree that MRTD is 3us for an UE which is capable of CBM.
Proposal 2: RAN4 to agree that symbol level alignment should be within MRTD value (3us) and not within the CP length.  

Proposal 3: RAN4 to agree that UE can switch RX beams (for example if it can switch during start of UL to DL transition) without major performance degradation.
Proposal 4: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA.
Proposal 5: When PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown, RAN4 to agree on following principle for deriving the SCell activation delay requirements. 
· L1-RSRP measurement delay is not required in SCell activation delay. 	
· SSB samples for Rx beam sweeping is not required in SCell activation delay.
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Table 5.3.3-1: Possible UE Architecture for the three aggregation scenarios

Rx Characteristics
Intra Band aggregation Inter Band
. aggregation
Option D:;‘;]'}'tzt;::rgx Contiguous Non Non
(cc) contiguous contiguous
(cQ) (cc)
Single (RF + FFT +
A baseband) with Yes
BW>20MHz
Multiple (RF + FFT +
B baseband) with Yes Yes Yes
BW=20MHz

Option A

- UE may adopt a single wideband-capable (i.e., >20MHz) RF front end (i.e., mixer, AGC, ADC) and a single
FFT, or alternatively multiple "legacy" RF front ends (<=20MHz) and FFT engines. The choice between single
or multiple transceivers comes down to the comparison of power consumption, cost, size, and flexibility to

support other aggregation types.

Option B

- In this case, using a single wideband-capable RF front end is undesirable in the case of Intra band non
contiguous CC due to the unknown nature of the signal on the "unusable" portion of the band. In the case non

adjacent Inter separate RF front end are necessary
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