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Introduction
The email discussion is intended to cover topics in AI 6.14.2 on MRTD for NR FR2 inter-band CA.
In RAN4#94e, the second round of discussion is ended with the following issues without agreement
· MRTD for FR2 inter-band CA with common beam management assumed is 260ns.
· Note: the related conclusion is subject to the confirmation of details (e.g. band combinations, band groups within a spectrum range, common/independent BM at eNB and UE, etc) and feasibility of collocated FR2 inter-band CA deployments.  
· Opiton 1: 260ns
· Option 2: 3us
· Option 3: 8us
· MRTD for FR2 inter-band CA with independent beam management assumed is to be decided between option 1 and 2.
· Option 1: 8us
· Option 2: 7us
· Option 3: 4~5us 

Topic #1: MRTD for FR2 inter-band CA
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003410
	Apple
	Proposal 1: 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 2: 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 3: 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 4: 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 5: Reduce the MRTD for FR2 inter-band CA in case of independent beam management to 4us: Max propagation delay difference is 1us.


	R4-2003416
	Ericsson
	Observation-1: 
· The beam management is implementation dependent, thus not applicable to all UEs and to all band combinations.
· It is important to identify and distinguish UEs (e.g. via capability indication, etc) and not apply restrictions (e.g. deployment restrictions, etc) for all UEs and all band combinations for the future of NR.
Observation-2: Stricter timing is not the only solution to mitigate restrictions imposed by the UE implementation issue.
Based on the above discussions, we propose the following: 
Proposal: Keep MRTD for FR2 inter-band CA unchanged, i.e. keep Rel-15 values as they are now.

	R4-2003641
	MediaTek inc.
	Observation 1: For FR2 inter-band CA with common beam, the MRTD should be smaller than CP/2 in order to provide UE sufficient to switch the common Rx beam of all CCs.
Observation 2: According to R15 inter-band CA MRTD and TAE requirements, the max difference in propagation delay is 1500m which is obviously an over design of the FR2 system. It is possible to reduce the MRTD so that we can save some UE complexity without scarifying the flexibility in FR2 deployment.
Proposal 1: For FR2 inter-band CA with common beam, the MRTD should be 260ns to avoid unexpected interruption to DL reception. If RAN4 agrees a larger value than 260ns, the unexpected interruption should be addressed in spec.
Proposal 2: For FR2 inter-band CA with independent beam, the MRTD can be reduced to 4us or 5us without losing the flexibility in deployment.


	R4-2004327
	Huawei, HiSilicon
	Proposal 1: For FR2 inter-band CA combinations with independent beam management, it is suggested to keep the existing FR2 inter-band CA MRTD requirements.
Proposal 2: It is suggested to study whether FR2 inter-band CA combinations with common beam management can be applied to non-co-located deployment.


	R4-2004524
	Nokia, Nokia Shanghai Bell
	Observation 1: Reducing delta propagation delay will impact the maximum cell size and network deployment flexibility.
Proposal 1: MRTD for FR2 inter-band DL CA could be 7usec.


	
	
	

	
	
	

	
	
	




Summary of Open Issues
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: On common and independent beam management
Sub-topic description: Definition of common and independent beam management and the related impact on MRTD
Open issues and candidate options before e-meeting:

· Option 1: 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. Otherwise, it is independent beam management [Apple]
· Option 2: Further study the limitation of FR2 inter-band CA combinations with common beam management (Ericsson, Huawei)
· Study what solutions can be applied to mitigate the issues caused by common beam management for any inter-band FR2 CA combination. The beam management is implementation dependent, thus not applicable to all UEs and to all band combinations. (Ericsson)
· Further study whether FR2 inter-band CA combinations with common beam management can be applied to non-co-located deployment. (Huawei)

Sub-topic 1-2: MRTD with common beam management
Sub-topic description : Requirements for MRTD requirement with common beam management
· Option 1: 260ns (Apple, Mediatek)
· Option 2: Further study whether FR2 inter-band CA combinations with common beam management can be applied to non-co-located deployment (Huawei)
· Option 3: 7us (Nokia)
· Option 4: 8us (Ericsson)
· NOTE: it is to be confirmed if Ericsson’s  proposals apply to common beam management
Sub-topic 1-3: MRTD with independent beam management
Sub-topic description : Requirements for MRTD requirement with independent beam management
· Option 1: 4	~5us (Apple, Mediatek)
· Option 2: 8us (Ericsson, Huawei)
· Option 3: 7us  (Nokia)

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	MTK
	Sub-topic 1-1: On common and independent beam management
Option 1 is clear to us.
Regarding Option 2, the solution or limitation can be considered in later stage after RAN4 concludes the MRTD value.
Sub-topic 1-2: MRTD with common beam management
Support Option 1.
If Option 1 is not agreed, UE actions like LNA gain change or Rx beam switch will impact data reception. Therefore, scheduling restriction should be added, e.g., UE can ignore last OFDM symbol of a slot. 
Sub-topic 1-3: MRTD with independent beam management
Support Option 1.
Would like to know more specifically on system degradation if MRTD is reduced to 4 or 5 us. 

	NTT DOCOMO, INC.
	Sub-topic 1-1: On common and independent beam management
Regarding Option 2, we have a question for clarification about “beam management” here. Even if UE has only common beam, can UE perform L1-RSRP measurement for 2CCs separately when inter-band 2CC CA in FR2 is configured? Regarding BFD and CBD in SCell, discussion is needed.
Sub-topic 1-2: MRTD with common beam management
Reduced value could be considered when UE has common beam.
Sub-topic 1-3: MRTD with independent beam management
Support Option 2.
We would like to keep the flexibility of deployment at least when UE has independent beam

	Huawei
	Sub-topic 1-1:
In RF, using independent beam management or common beam management is not a UE capability. For FR2 inter-band CA with 28GHz+39GHz band combinations, it has been agreed that UE is assumed to have independent beam management. Whether common beam management can be assumed for FR2 inter-band CA with 28GHz+28GHz and 39GHz+39GHz band combinations is still under discussion. So, there may be two types of FR2 inter-band CA band combination, with independent beam management and with common beam management.
Sub-topic 1-2:
The BS TAE for FR2 inter-band CA is defined as 3us. If FR2 inter-band CA with common beam management needs to be applied for non-co-located deployment, then we suggest to keep the existing MRTD requirements.
Sub-topic 1-3:
Support option 2.
We suggest to keep the existing MRTD requirements to give the flexibility for network deployment.


	Ericsson
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Subtopic 1-1

This should be discussed in RF session. The RF discussions should include the details about the common beam management and its impact on UE and network. This should be discussed in Thread 19 first, before we do any discussions in this subtopic.
In our understanding, option 1 is a subset of option 2 here. Our understanding is that, we need to understand the common beam management and its impact on both network and UE side before we make any decision. Thus, the statement in option 1 is actually one of the points that need to be understood. 
The issue is an implementation dependence issue i.e. not applicable for all UEs and not applicable for all band combinations and that important to identify and distinguish (capability indication) and not apply restrictions (like deployment restrictions) for all UEs at all band combinations for the future of NR. 
Also we want to clarify that, that stricter timing might not be the only universal solution. 
Subtopic 1-2
MRTD is the discussion point while this of course also impacts the already fixed and specified TAE of 3us (38.104) for FR2 inter-band CA. Changing MRTD cannot be done without changing TAE, changing TAE this late will thus create backward compatibility issue. The issue is also important to understand if the operators will have the resources to implement stricter timing requirements. So, our proposal is that, we explore other ideas, such as UE capability differentiation instead of changing the MRTD values as proposed here.
As for the moderators note, we have added an option 4 on the section 1.2.2 (please see it above). This reflects our opinion that, the MRTD should not be changed.
Subtopic 1-3
Our understanding is that, we keep the value as it is defined in Rel-15. For independent beam management, 8us should be used since there is no issue with having same spatial signatures across different carriers. So, it is preferable to maintain the deployment flexibilities that 8us provides.

	Apple
	Subtopic 1-1
Definition of common beam management should be specified in RRM session as FR2 intra-band CA cases since the related RRM impact is profund. RF session can decide the applicability of common and independent beam management for different band combinations, e.g. L+L, L+M, M+M.
We don’t see how common beam management definition should be defined differently for intra-band and inter-band CA. So, option 1 is preferred.
Subtopic 1-2:
Option 1 is preferred. Existing BS TAE and MRTD for inter-band is based on the assumption of non-collocated and independent beam management. So, both of them should be revisited for common beam management cases. 
Subtopic 1-3:
Option 1 is preferred. We still think option 2 and 3 are a bit over-designed in terms of considered ISD. 

	Qualcomm
	Subtopic 1-1: Inter-band FR2 CA combos will have to be split into common beam management and independent beam management. Common means that UE has a single Rx analog beam covering all the aggregated bands. Independent means that UE analog beams are independent so UE could Rx/Tx in different directions. The categorization(which combos use which assumption) can be decided in RF session since the limitations come from RF implementations.
Subtopic 1-2: This case is similar to NC intra-band CA so MRTD should be limited to 260ns. If MRTD is higher, there will be performance degradation. This could be further discussed but it seems obvious that motivation to implement CA will be very low.
Subtopic 1-3: We support maintaining the current requirements for more deployment flexibility.


	Nokia
	Sub-topic 1-1: On common and independent beam management
Definition on common beam and independent beam should be in RF session.
Sub-topic 1-2: MRTD with common beam management
We support Option 3. This is for inter-band FR2 DL CA, 260ns is not possible on network side. It is agreed that there shall be no change in BS TAE requirement, and reducing delta propagation delay will impact the maximum cell size and network deployment flexibility. We can only expect minor improvement from 8usec to avoid lose flexibility in BS and network deployment by reducing maximum propagation delay difference.
Sub-topic 1-3: MRTD with independent beam management
We support Option 3. Same view as sub-topic 1-2. We can only expect minor improvement from 8usec to avoid lose flexibility in BS and network deployment by reducing maximum propagation delay difference.

	Samsung
	Sub-topic 1-1: 
To clarify more on common/independent beam management as Option 1 is beneficial, but the proposed working has problem: 
- Strictly speaking, by following option 1, it implies that FR2 inter-band CA with common beam management (i.e., 28GHz+28GHz or 39GHz+39GHz) should assume co-located deployment in gNB side.  
- considering the possible big frequency gap between two FR2 bands, even with “same download spatial domain transmission filter”, it is still hard to make sure the signals from two bands can be received in the directions of RX beams formed by common beam management. 
- The expression should be based on “UE-centric” as proposed below. 
Instead, the following revision is proposed based on Option-1:
· - Option 1a: In common beam management for FR2 inter-band CA,  is defined as that UE shall assume that the transmitted signals from the serving cells should have can be received by the same downlink spatial domain transmission reception filter on one OFDM symbol in all CCs. 

Sub-topic 1-2: 
· Support Option-1.  
Sub-topic 1-3: 
· Support Option 2, prefer following Rel-15 to give deployment flexibility. 

	Verizon
	Sub-topic 1-1: 
If a band is pair in an inter-band CA configuration and UE supports with common and independent beam managements, the option 1 is clearer.

Sub-topic 1-2 and Sub-topic 1-3: 
MRTD should be a requirement applied to different releases. For either common or independent beam management, the requirement should be flexible enough for implementation and deployment to different releases. As the FR2 has been regulated enough in deployment plans, the Rel-15 values should be kept as they are now if there is no fundamental technical issue.


 
CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection
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Summary for 1st round 
Open issues Status Summary
1. On the assumption of common beam management
Option 1: 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. Otherwise, it is independent beam management (Apple, MediaTek, Verizon)
Option 1a: In common beam management for FR2 inter-band CA UE shall assume that the transmitted signals from the serving cells can be received by the same patial domain reception filter on one OFDM symbol in all CCs. (Samsung)
2. Where should the assumption and applicable band combinations of common and independent beam management be discussed?
a. RF session (Ericsson, Qualcomm, Nokia)
b. RRM session (Apple)
3. MRTD for common beam management
a. Option 1: 260ns (Apple, Mediatek, Qualcomm, Samsung)
b. Option 2: 7us (Nokia)
c. Option 3: 8us (Ericsson, Verizon)
· Option 3a (Huawei): 8us if FR2 inter-band CA with common beam management needs to be applied for non-co-located deployment
4. MRTD for common beam management
a. Option 1: 4~5us (Apple, Mediatek)
b. Option 2: 8us (Ericsson, Huawei, Qualcomm, Samsung, NTT DCM, Verizon)
c. Option 3: 7us (Nokia)
Open issues
Out of the 1st round discussion, no obvious agreement can be reached. The following issues can be further discussed in the 2nd round:
a. Continue discussing the definition and applicable band combinations of common and independent beam management in RF session. Inputs from RRM session including MRTD should be taken into consideration. 
b. Clarify the FR2 MRTD defined in Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation in TS38.133 is for independent beam management only. MRTD for common beam management is FFS.
· There is no consensus to tighten the existing FR2 MRTD. 
c. Take 260ns as the baseline assumption for MRTD with common beam management
d. Take 8us as the baseline assumption for MRTD with independent beam management

Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
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Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	
	WF on MRTD for FR2 inter-band CA
	Apple



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Issue 1-1: Continue discussing the definition and applicable band combinations of common and independent beam management in RF session. Inputs from RRM session including MRTD should be taken into consideration. 
Option 1: Yes
Option 2: No
Issue 1-2: Clarify the FR2 MRTD defined in Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation in TS38.133 is for independent beam management only. MRTD for common beam beam mangement is FFS.
Option 1: Yes
Option 2: No
Issue 1-3: Take 260ns as the baseline assumption for MRTD with common beam management
Option 1: Yes
Option 2: No
Issue 1-4: Take 8us as the baseline assumption for MRTD with independent beam management
Option 1: Yes
Option 2: No
Issue 1-5: Shall we postpone MRTD discussion for common beam management until its assumptions are clarified in RF session
Option 1: Yes
Option 2: No



Companies views’ collection for 2nd round 
Open issues 
	Company
	Comments

	Apple
	Issue 1-1: Yes
Issue 1-2: Yes since no common beam management has been considered during FR2 inter-band MRTD discussion
Issue 1-3: Yes
Issue 1-4: We can compromise to Opiton 1 if 260ns can be agreed as baseline for issue 1-3
Issue 1-5: Yes if issue 1-2 can be agreed as “Yes”. Otherwise, if the decision in RF session is delayed, 8us will be automatically used for both common and independent beam management scenarios.



	MTK
	Issue 1-2: Option 1 Yes
Issue 1-3: Option 1 Yes. In addition to Rx beam switching and LNA gain setting issue, another issue we would like to share is that the 8us MRTD is actually larger than TA_offset 7us. Will there be a risk that DL reception and UL transmission collide at the same time as illustrated in below figure?  Note that it should always be guaranteed that UE has 7us for T2R transition time as specified in Table 4.3.2-3 of TS38.211.
[image: ]
Issue 1-5: Option 2 No. RRM session needs to consider the conclusion of RF session. But given that Rel-16 is going to be closed in 1 or 2 meetings. We slightly prefer to have also discussion in RRM session in order to conclude the requirement in time. 

	NTT DOCOMO, INC.
	Issue 1-2: 
We can compromise to reduce MRTD from 8us for common beam, so option 1 is OK.
Issue 1-3:
But 260ns is too small, i.e., option 2 No. In our understanding, OTA TAE is 3us for inter-band CA, and we agreed that BS TAE shall not be changed. Therefore, we prefer to consider it.
Issue 1-4
Option 1 yes. We prefer to keep 8us for independent beam case. 

	Ericsson
	Issue 1-1: 
Yes, our understanding is that, this needs to be understood in RF room first, before we discuss the way forward in RRM room. As we have shared earlier in the reflector,
· We need to understand the common beam management approach first wrt the restrictions it imposes on the network and UE, identify potential mitigation techniques (such as scheduling, UE differentiation, other front end solutions, etc). This part is tightly coupled to discussions in RF session.
· Understand the impact on timing as the second step due to this beam management approach for certain band combinations.
· Basically, the proponents of this change need to describe the issue more in detail, so we can understand What is needed, When it is needed and THAT no other means than stricter timing can solve this.
Issue 1-2: 
Before we make any such decision, we need to understand the answers to issue 1-1 as mentioned above. So, currently our understanding in option 2: No.
Issue 1-3: 
Any change in the MRTD will impact the BS TAE value. Any change in already agreed Rel-15 BS TAE will cause a lot of challenging issues for the operators, as stated by DCM above. So, we cannot agree on 260ns as baseline for CBM. 
Having said so, we understand that, there is a need for reducing the MRTD for CBM if it is agreed in RF room that, CBM also provides additional constraints such as co-location, etc. 
So, our preference is, option 2, NO. Let’s wait on it until we understand the impacts better in RF room.
Issue 1-4: 
Same as our response in issues 1-1 and 1-3. 
Issue 1-5: 
Yes. 

	Nokia
	Issue 1-1:
Yes
Issue 1-2:
No. similar view as Ericsson, before we make any such decision, we should have clear understanding and definition about common beam management and dependent beam management in issue 1-1. 
Issue 1-3:
No. As we commented in 1st round, since no change in BS TAE requirement, to avoid lose flexibility in BS and network deployment by reducing maximum propagation delay difference, we can only expect minor improvement of MRTD, 
Issue 1-4:
We would expect minor improvement of MRTD, like 7us. But we can compromise to 8us as baseline. 
Issue 1-5:
Yes

	Huawei
	Issue 1-1: Yes
Issue 1-2: No
Firstly, RAN4 need to know the applicable deployments, scenarios and RF architectures for common beam managements. Then, we can further determine whether the existing MRTD requirements are only applied for independent beam management.
Issue 1-3: No
The BS TAE requirement for FR2 inter-band CA is defined as ≤3us. Assuming 260ns MRTD for FR2 inter-band CA with common beam management would revise the current BS TAE requirement, which is not backward compatible.
Issue 1-4: Yes
Issue 1-5: Yes

	Qualcomm
	Issue 1-1: Option 1: Yes
Issue 1-2: Option 1: Yes. At the time this was discussed, the only scenario that was considered was CA between 28GHz bands and 40GHz bands. These were the only candidates to be aggregated at the time. I 
Issue 1-3: We prefer Option 1:Yes. From a UE point of view common beam management is the same as intra-band NC CA. If a larger MRTD than 260ns is required then we should look into performance degradation beyond 260ns for these scenarios. Achieving this level of synchronization should be feasible in many scenarios so better performance can be achieved.
Issue 1-4: Option 1:Yes
Isee 1-5: Option 2:No. The assumptions are very clear in our view.

	
	


Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Issue 1-1: Continue discussing the definition and applicable band combinations of common and independent beam management in RF session. Inputs from RRM session including MRTD should be taken into consideration. 
Option 1: Yes (Apple, Ericsson, Nokia, Huawei, Qualcomm)
Option 2: No
Issue 1-2: Clarify the FR2 MRTD defined in Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation in TS38.133 is for independent beam management only. MRTD for common beam beam mangement is FFS.
Option 1: Yes (Apple, MTK, NTT DCM, Qualcomm)
Option 2: No (Ericsson, Nokia, Huawei)
Issue 1-3: Take 260ns as the baseline assumption for MRTD with common beam management
Option 1: Yes (Apple, MTK, Qualcomm)
Option 2: No (NTT DCM, Ericsson, Nokia, Huawei)
Issue 1-4: Take 8us as the baseline assumption for MRTD with independent beam management
Option 1: Yes (NTT DCM, Ericsson, Nokia, Huawei, Qualcomm)
Option 2: No (Apple)
Issue 1-5: Shall we postpone MRTD discussion for common beam management until its assumptions are clarified in RF session
Option 1: Yes (Ericsson, Nokia, Huawei)
Option 2: No (MTK, Qualcomm)
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