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1. Introduction
In RAN4 #94e-bis meeting, MRTD for FR2 inter-band DL CA was discussed and the following WF is agreed
· Continue discussing the definition and applicable band combinations of common and independent beam management in RF session
· Investigate if there are other solutions than strict timing requirement for tackling the impacts due to UE beam management implementation 
· Decision on MRTD for common beam management will be pending on the assumptions of common beam management defined in RF session
· MRTD for independent beam management will be decided by RAN4#95e based on majority view. 
· Subject to the decision on MRTD for independent beam management, the FR2 MRTD defined in Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation in TS38.133 at least can be applied for independent beam management. It is FFS for common beam management.
2. MRTD for common and independent beam management
The current MRTD requirement in TS38.133 is as below for FR2 inter-band CA.
	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

	Between FR1 and FR2
	25 






When MRTD for FR2 inter-band CA was discussed and agreed, the discussion is mainly based on L+M band combination where independent beam management is typically assumed. In this case, it is proposed to make clarification to limit Table 7.6.4-2 to independent beam management only. 
Proposal 1: The following revision is proposed for TS38.133
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
	  8note1

	Between FR1 and FR2
	25 

	Note1: this MRTD requirement applies to independent beam management only. 



· Common beam management (CBM)
Common beam management is assumed for FR2 intra-band CA since Rel-15. In this section, the assumptions of CBM and the related RRM requirements impacts are summarized. 
All RRM requirements for intra-band FR2 are defined based on the assumption of CBM, which is defined in 3.6.3, TS38.133 as
3.6.3 Applicability for intra-band FR2 
For the requirements in RRC connected state specified in this version of the specification, UE shall assume that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in the same band in FR2. Otherwise, the UE is not supposed to satisfy any requirements for SCell. 
This assumption in section 3.6.3 consists of multiple important information for CBM, which includes
1. Same Tx beam is assumed for all CC during one OFDM symbol across all CCs
2. Symbol level alignment is assumed across all CC 
If symbol boundary is not aligned with CP, one OFDM symbol from one CC will be partially overlapped with two OFDM symbols from the other CC. In this case, same Tx beam can never be assumed on one OFDM symbol across all CCs. 
Observation 1: For FR2 intra-band CA, symbol level alignment within CP length is essential to guarantee the same downlink spatial domain transmission filter on one OFDM symbol.
With this assumption, the follow RRM requirements are specified
· In section 8.3.2 TS38.133, all FR2 being activated SCell can be considered as known cell if there is at least one active serving cell on that FR2 band
Typically, a cell can be defined as known cell only if the corresponding measurement is reported not long time ago such that the related timing and spatial information can still be assumed up to date. Otherwise, time and spatial tracking is needed. The aforementioned RRM requirement suggest that fine timing and spatial information from one CC can be directly used by the other CC when common beam management is assumed. 
Observation 2: FR2 SCell activation requirements for intra-band CA suggests that when common beam management is assumed, fine timing and spatial information from one CC can be directly re-used by the other CC. This again makes it important that symbol level alignment should be with CP length.
The other related RRM requirements where L1 or L3 measurement on one CC can be reused for the other CCs include L3-RSRP/RSRQ, CBD, BFD etc. 
Observation 3: For CBM based FR2 intra-band CA, L1 and L3 measurements on one CC can be reused for all the other CC. That implies the same Tx and Rx beams used across all CCs per OFDM symbol.  
As defined in FR2 intra-band CA, CBM in FR2 inter-band CA should be also based on the assumption that the same Tx and Rx beams used across all CCs per OFDM symbol. That means UE shall assume that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in all CCs. To guarantee the same DL spatial domain transmission filter, the common beam management is only viable when the gNB for all CC are collocated and all CC should be aligned in slot level with MRTD less than CP. If different SCS is configured for different CC, the CP length of the largest SCS is considered. Meanwhile, it should be assumed as the baseline that single Rx antenna array at UE is shared by all CC.  
Proposal 2: Common beam management in FR2 inter-band CA is defined as that UE shall assume that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in all CCs.
Proposal 3: In case of common beam management, it is assumed that gNB for all CC are collocated and single Rx antenna array at UE is shared by all CC.  
Obviously, BS TAE requirement for inter-band CA, i.e. 3us, is too large for common beam management. More specifically, when MRTD exceeds ½ CP length, it is impossible to assume the the same downlink spatial domain transmission filter on one OFDM symbol in all CCs. With this it is proposed to reuse FR2 intra-band CA MRTD for FR2 inter-band CA in case of common beam management.
Proposal 4: It is proposed to reuse FR2 intra-band CA MRTD, i.e. 260ns for the MRTD of FR2 inter-band CA in case of common beam management.
· Independent beam management
As contrary to common beam management, independent beam management in FR2 inter-band CA can be defined as UE shall NOT assume that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in all CCs. In other words, the synchronization level among different CC can be much more relaxed. According to TR38.803, the baseline inter-site distance (assuming an urban macro deployment) is 200m; an optional value of 300m is provided, which we can assume is the maximum. Table 1 below illustrates the relationship between propagation delay and distance.
Table 1: Propagation delay vs. distance
	Distance (m)
	Propagation delay (us)

	200
	0.67

	300
	1.00

	1500
	5.00


We observe that the maximum propagation delay for a inter-band CA deployment in FR2 is 1 µs as in table 1. If we assume that two non-collocated sites serve the two inter-band carriers, then the maximum ISD of 300 m represents the worst-case deployment. We have included a calculation for 1500m in order to illustrate that the Rel-15 value of 8 µs for MRTD for inter-band CA in FR2 has assumed 5 µs of propagation delay (but there was no such band combination scenario when RRM specified this MRTD requirement in R15), and we think this assumption is not realistic. On the other hand, considering the previous discussion about intra-band non-contiguous CA, if UE cannot support independent beam for the band combination, large MRTD will cause interruption on one CC data reception due to the Rx beam change on the other CC. Based on the deployment assumption in TR38.803, the MRTD shall be 1us + TAE= 4us.
Proposal 5: Independent beam management in FR2 inter-band CA is defined as that UE shall NOT assume that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in all CCs.
Proposal 6: Reduce the MRTD for FR2 inter-band CA in case of independent beam management to 4us: Max propagation delay difference is 1us.
3. Conclusion
In this contribution, MRTD for FR2 inter-band CA is further studied and it is observed that
Observation 1: For FR2 intra-band CA, symbol level alignment within CP length is essential to guarantee the same downlink spatial domain transmission filter on one OFDM symbol.
Observation 2: FR2 SCell activation requirements for intra-band CA suggests that when common beam management is assumed, fine timing and spatial information from one CC can be directly re-used by the other CC. This again makes it important that symbol level alignment should be with CP length.
Observation 3: For CBM based FR2 intra-band CA, L1 and L3 measurements on one CC can be reused for all the other CC. That implies the same Tx and Rx beams used across all CCs per OFDM symbol.  


Based on this, it is proposed that 
Proposal 1: The following revision is proposed for TS38.133
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
	  8note1

	Between FR1 and FR2
	25 

	Note1: this MRTD requirement applies to independent beam management only. 



Proposal 2: Common beam management in FR2 inter-band CA is defined as that UE shall assume that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in all CCs.
Proposal 3: In case of common beam management, it is assumed that gNB for all CC are collocated and the same Rx antenna array at UE is shared by all CC.  
Proposal 4: It is proposed to reuse FR2 intra-band CA MRTD, i.e. 260ns for the MRTD of FR2 inter-band CA in case of common beam management.
Proposal 5: Independent beam management in FR2 inter-band CA is defined as that UE shall NOT assume that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in all CCs.
Proposal 6: Reduce the MRTD for FR2 inter-band CA in case of independent beam management to 4us: Max propagation delay difference is 1us.
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