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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-bis, the following WF has been 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.
Topic #1: MRTD for FR2 inter-band CA
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006212

	Apple
	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.


	R4-2006571

	Mediatek
	Observation 1: For FR2 inter-band CA with CBM, 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 CBM, 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 IBM, the MRTD can be reduced to 4us or 5us without losing the flexibility in deployment.


	R4-2007095

	Ericsson, , NTT DOCOMO, INC., T-mobile USA, Verizon
	Proposal-1: Any change in MRTD should not impact already defined BS TAE of 3µs for FR2 inter-band CA; i.e. keep Rel-15 values for BS TAE unchanged.
Proposal-2: 
· The beam management is implementation dependent, thus not applicable to all UEs and to all band combinations.
· The relevant UEs should be identified and distinguished (e.g. via capability indication, etc.) and the restrictions shall not be applied (e.g. deployment restrictions, etc.) for all UEs and all band combinations for the future of NR.
Proposal-3: Define MRTD for inter-band FR2 NR CA with common beam management as 3 µs
Proposal 3a: Corresponding MTTD for inter-band FR2 NR CA with common beam management as 3.5 µs
Proposal-4: Keep MRTD for FR2 inter-band CA unchanged, i.e. keep Rel-15 values as they are now (i.e. 8 µs) for independent beam management.
Proposal-4a: Keep MTTD for FR2 inter-band CA unchanged (i.e. 8.5 µs) for independent beam management.


	R4-2007133

	Qualcomm
	Proposal 1: MRTD of 8us for CA combos with IBM should be kept.
Proposal 2: MRTD of 260ns for CA combos with CBM should be defined.
Proposal 3. If 260ns MRTD is not feasible for all scenarios then some performance degradation for MRTD larger than a threshold (e.g. 260ns) should be discussed.


	R4-2007289

	NEC
	Proposal 1: Keep the existing value of 8us MRTD for FR2 inter-band DL CA for independent beam management.


	R4-2007773

	Huawei, HiSilicon
	Proposal 1: For a FR2 band pair with independent beam management, it is suggested to keep the existing FR2 inter-band CA MRTD requirements.
Proposal 2: For a FR2 band pair with common beam management, the MRTD requirements for FR2 inter-band CA can be defined as 3us for co-located deployment.
Proposal 3: For a FR2 band pair with common beam management, the MRTD requirements for FR2 inter-band CA can be defined as 8us for non-co-located deployment with clarifying that the system performance degradation is expected in non-co-located deployment.


	R4-2008195

	Nokia, Nokia Shanghai Bell
	Proposal 1: MRTD for FR2 inter-band DL CA could be 7usec with common beam management and independent beam management.


	
	
	




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: MRTD with common beam management
Requirements for MRTD requirement with common beam management
· Option 1: 260ns (Apple, Mediatek, Qualcomm)
· Option 2: 3 (Ericsson, NTT DCM, T-Mobile USA, Verizon) 
The option is further explained in CR R4-2007096 where it is proposed that colocation can be assumed: “Applicable for UE which is only capable of common beam management for a band combination where common beam management is possible. The UE may, assume collocated site, in this case.”
· Option 3: 3 us for co-located deployment, 8us for non-co-located deployment (Huawei)
Sub-topic 1-2: Potential performance degradation related to MRTD with common beam management
Proposal: If 260ns MRTD is not feasible for all scenarios then some performance degradation for MRTD larger than a threshold (e.g. 260ns) should be discussed (Qualcomm)
· Option 1: yes (Qualcomm, MediaTek)
· Option 2: no
Sub-topic 1-3: Applicability of existing MRTD in R15 and R16 on common beam management
Proposal: 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. 



· Option 1: yes (Apple)
· Option 2: no

Sub-topic 1-4: 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, NTT DCM, T-Mobile USA, Verizon, Qualcomm, NEC)
· Option 3: 7us  (Nokia)
Sub-topic 1-5: MTTD for common beam management
· Option 1: Corresponding MTTD for inter-band FR2 NR CA with common beam management as 3.5 µs
· Option 2: MTTD can be derived based on the corresponding MRTD agreement
Sub-topic 1-6: MTTD for common independent beam management
· Option 1: Keep MTTD for FR2 inter-band CA unchanged (i.e. 8.5 µs) for independent beam management.
· Option 2: MTTD can be derived based on the corresponding MRTD agreement


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

	Qualcomm
	Issue 1-1:
Support option 1.
If MRTD is 3us or 3.5 us, then a very large performance degradation will be observed during beam switches. In order to avoid any performance degradation for such CA scenarios, it is essential that MRTD is kept very low.

Issue 1-2: 
We support option 1 (yes).
The UE will not be able to confine the beam switches inside the CP and Rx/Tx discontinuities will appear in the middle of the symbols on some CCs. Furthermore, the UE beam switches are transparent to the network so the network will not be aware of beam switches. If MRTD of 260ns cannot be guaranteed on the network side then some mechanism to define performance degradation if MRTD exceeds a certain threshold(e.g 260ns) should be discussed.

Issue 1-3:
We support option 1 (yes) due to the reasons mentioned above.

Issue 1-4:
We support option 2.

Issue 1-5:
With common beam, UE will not be able to handle multiple TAGs. This is why, MTTD for intra-band CA was not defined in Rel-15 and it should not be defined for Rel-15 inter-band CA with common beam, as well. Hence, we propose a different option: 
“MTTD should not be defined for inter-band CA with common beam”.

Issue 1-6 (the title should mention “independent” beam instead of “common” beam):
We support option 1. MTTD for independent beams can be same as that of Rel-15 requirement, i.e., 8.5 us.
 

	MTK
	Issue 1-1:
Support Option 1. (260ns)
From UE perspective, FR2 inter-band CA with CBM is no different to FR2 intra-band CA. Therefore, the MRTD and MTTD should be the same. Otherwise we see serious degradation on the throughput performance every time UE switch its Rx or Tx beam.

Issue 1-2: 
Support Option 1. (Yes)
If 260ns MRTD is not guaranteed, there is always some inevitable degradation when UE switch its Rx beam. The timing of this Rx beam switch could be requested by gNB's TCI switch command or triggered by UE autonomously 

Issue 1-3:
Support Option 1 (Yes)

Issue 1-4:
Support Option 1 (4~5us)
It is hard for us to believe that the propagation delay difference between 2 FR2 cells can be up to 1.5km. And also not sure how much benefit can we achieve by this extreme flexibility.

Issue 1-5:
Support Option 3 suggested in Qualcomm’s comment. 
Same reason as Issue 1-1. From UE perspective, FR2 inter-band CA with CBM is no different to FR2 intra-band CA

Issue 1-6 
Support Option 2.
We think no matter which MRTD value we agree. The rule in Option 2 should always be kept.

	
	

	OPPO
	Issue 1-1: Support Option 1. 
Issue 1-2: Support Option 1. 
Issue 1-3: Support Option 1.
Issue 1-4: Support Option 1.
Issue 1-6: We are fine with option 2.

	Huawei
	Issue 1-1: 
We support option 4.
The function of CBM can be applied in the scenario that the beam information measured on one FR2 band can be utilized to derive the beam information for another FR2 band, which means that serving cells on the two FR2 bands are from the same direction. Serving cells in co-located deployment would be from the same direction. However, serving cells in non-co-located deployment might be from the same direction. In RF session, it was agreed that the network still possible configure CBM in non-co-located deployment. So, the MRTD requirement for CBM need to consider both co-located deployment and non-co-located deployment. For co-located deployment, MRTD can be defined as 3us with only considering of 3us BS TAE. For non-co-located deployment, MRTD can be defined as 8us with considering of 3us BS TAE and 5us propagation delay difference. We also notes that 8us MRTD may impact the performance for FR2 inter-band CA. We suggest to add a note to point out the performance degradation. It is up to network whether to configure CBM UE in non-co-located deployment.

Issue 1-3: 
We support option 2.
As we mentioned for issue 1-1, 8us MRTD is applicable for CBM UE in non-co-located deployment with clarifying the performance degradation.
The suggested version for MRTD requirements can be found in our CR R4-2007774.

Issue 1-4: 
We support option 2.
The UE capable of independent BM would be able to handle 8us MRTD. We suggest to keep the current MRTD requirements for FR2 inter-band CA.

Issue 1-5: 
We support option 2.
The MTTD requirement can be derived based on the corresponding MRTD agreement for common beam management by adding 0.5dB implementation margin.

Issue 1-6: 
We support option 1 for independent beam management.

	Apple
	Issue 1-1: we support option 1. Otherwise, UE needs to switch beam within OFDM symbol which is impossible. An alternative consequence would be that the impacted symbol won’t be detectable. The corresponding performance degradation can be significant. 
Issue 1-2: Option 1. However, we need to understand if CMB is still a feasible scenarios if the corresponding performance degradation is significant.

Issue 1-3: Option 1

Issue 1-4: Option 1: We still think 5us propagation delay difference is overdesigned. 

Issue 1-5: We are OK with not to specify this requirement for CBM

Issue 1-6: Option 2

	Nokia
	Sub-topic 1-1: MRTD with common beam management
Nokia's proposal is not captured in the options. Considering that there may have L+L or L+H for common beam management, we propose 7us for this case. 
Sub-topic 1-2: Potential performance degradation related to MRTD with common beam management
We have agreed BS TAE as 3us for this case. 260ns is not feasible. Could it be clarified what performance degradation is expected in Demod and RRM?
Sub-topic 1-3: Applicability of existing MRTD in R15 and R16 on common beam management
We prefer option 2, For Rel-15, we do not need this change since there is no IBM requirements in Rel-15. For Rel-16, the discussion is ongoing.
Sub-topic 1-4: MRTD with independent beam management
We support option 3 or option 2.
Sub-topic 1-5: MTTD for common beam management
We support option 2.
Sub-topic 1-6: MTTD for independent beam management
We support option 2.

	NTT DOCOMO, INC.
	Sub-topic 1-1: We still prefer 3us for MRTD, otherwise BS TAE requirement needs to be revisited. We have concern on it.
Sub-topic 1-4: We still prefer option 2.
Sub-topic 1-5: Option 2
Sub topic 1-6: Option 2 

	Ericsson
	Issue 1-1: Option 2, 3 µs MRTD, for CBM
since any change in MRTD should not impact already defined BS TAE of 3 µs for FR2 inter-band CA; i.e. keep Rel-15 values for BS TAE unchanged. In explained in CR R4-2007096 we also state: “Applicable for UE which is only capable of common beam management for a band combination where common beam management is possible. The UE may, assume collocated site, in this case.” 

An important property is that beam switching does occur for a band combination where CBM is signaled and UE has CBM, but not IBM capability. In our proposal CR R4-2007096 (Ericsson, NTT Docomo, T-Mobile USA, Verizon) colocation can be assumed in this case and beam switching is not needed and degradation during beam switches can be avoided.

To make discussion more concrete, let us assume we talk about 28 GHz + 39 GHz inter band CA. Then we cannot assume same coverage for both downlinks even if BS side is collocated. Pathloss and RF channel will be different across 28 GHz + 39 GHz. This is one of the reasons behind the existing requirements for inter band and why a single IFFT/FFT design not been the basis for inter band requirement setting.
Issue 1-2: option 2 (no): There is so far no, complete, root cause given or completed analysis showing what the relation to CBM is. This makes it hard to agree on any degradation threshold at this stage.
Issue 1-3: Option 2 (no), but proposal in CR R4-2007096 we offer a solution for both IBM and CBM.
Issue 1-4: Option 2 (8 µs). When the UE is capable of using the independent beam management approach, we do not see any reason for changing the current agreed MRTD, due to the reason that the current requirements provides deployment flexibility for the operators. 
Issue 1-5: Option 1 (3 µs 3.5 µs).
We repeat part of  comments from issue 1-1, let us assume we talk about 28 GHz + 39 GHz inter band CA. Then we cannot assume same coverage for both downlinks even if BS side is collocated. Pathloss and RF channel will be different across 28 GHz + 39 GHz. This is one of the reasons behind the existing requirements for inter band and why a single IFFT/FFT design not been the basis for inter band requirement setting.
Issue 1-6: Option 1 (3.5 µs 8.5 µs).
Please refer to comments related to issue 1-5.

	NEC
	Issue 1-1: 
We agree with DOCOMO and prefer 3us MRTD for CBM.
Issue 1-3: 
We prefer approach specified in R4-2007096. 
Issue 1-4: 
We support option 2. We prefer keeping the existing MRTD requirements (that is 8us) for FR2 inter-band CA.
Issue 1-5: 
We support option 2.
Issue 1-6: 
We support option 2


 
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

		
R4-2006214
CR on MRTD for FR2 inter-band CA
	Company AMTK: ok

	
	Company BNokia: For Rel-15, we do not need this change. For Rel-16, the discussion is ongoing now and no conclusion yet.

	
	

	R4-2007096
Updates on MRTD and MTTD requirements for FR2 inter-band DL CA
	Company AQualcomm: The CR can only be considered after RAN4 finalizes this issue.

	
	Company BMTK: RAN4 needs to conclude the value first before working on CR.

	
	Nokia: CR can be discussed after we have conclusion on this topic.

	R4-2007774
CR on MRTD requirements for FR2 inter-band CA

	Qualcomm: The CR can only be considered after RAN4 finalizes this issue.Company A

	
	Company BMTK: RAN4 needs to conclude the value first before working on CR.

	
	Nokia: CR can be discussed after we have conclusion on this topic.

	
	Company A

	
	Company B

	
	



Summary for 1st round 
Status Summary
Issue 1-1: Requirements for MRTD requirement with common beam management
·  Option 1: 260ns (Apple, Mediatek, Qualcomm, OPPO, )
· Option 2: 3 (Ericsson, NTT DCM, T-Mobile USA, Verizon, NEC) 
· Option 3: 3 us for co-located deployment, 8us for non-co-located deployment (Huawei)
· Option 4: 7us (Nokia) 
Issue 1-2: If 260ns MRTD is not feasible for some scenarios in common beam management then some performance degradation for MRTD larger than a threshold (e.g. 260ns) should be discussed 
· Option 1: yes (Qualcomm, MediaTek, Apple, OPPO, )
· Option 2: no (Ericsson)

Issue 1-3: 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. 



· Option 1: yes (Apple, Qualcomm, Mediatek, OPPO)
· Option 2: no (Huawei, Nokia, Ericsson)
· Option 3: proposal in R4-2007096 (Ericsson, NEC)

Sub-topic 1-4: MRTD with independent beam management

· Option 1: 4~5us (Apple, Mediatek, OPPO)
· Option 2: 8us (Ericsson, Huawei, NTT DCM, T-Mobile USA, Verizon, Qualcomm, NEC, Nokia)
· Option 3: 7us  (Nokia)

Issue 1-5: MTTD for common beam management

· Option 1: Corresponding MTTD for inter-band FR2 NR CA with common beam management as 3.5 µs (Ericsson)
· Ericsson needs to confirm their proposal since their comment is different from the one in their paper. [Ericsson]: Option 1 as stated here is fine. Comment updated for consistency.
· Option 2: MTTD can be derived based on the corresponding MRTD agreement (Huawei, Nokia, NTT DCM, NEC)
· Option 3: MTTD should not be defined for inter-band CA with common beam (Qualcomm, Mediatek, Apple)

Sub-topic 1-6: MTTD for independent beam management

· Option 1: Keep MTTD for FR2 inter-band CA unchanged (i.e. 8.5 µs) for independent beam management. (Qualcomm, Huawei, Ericsson)
· Ericsson needs to confirm their proposal since their comment is different from the one in their paper. [Ericsson]: Option 1 as stated here is fine. Comment updated for consistency.
· Option 2: MTTD can be derived based on the corresponding MRTD agreement (MTK, OPPO, Apple, Nokia, NTT DCM, NEC)


Open issues

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.
	
	Status summary 

	
	

	
	



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  

	R4-2006214
CR on MRTD for FR2 inter-band CAXXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revisedpending on the discussion”

	R4-2007096
Updates on MRTD and MTTD requirements for FR2 inter-band DL CA
	pending on the discussion

	R4-2007774
CR on MRTD requirements for FR2 inter-band CA

	pending on the discussion



Discussion on 2nd round (if applicable)
Issue 1-1: Requirements for MRTD requirement with common beam management
·  Option 1: 260ns (Apple, Mediatek, Qualcomm, OPPO, )
· Option 2: 3 (Ericsson, NTT DCM, T-Mobile USA, Verizon, NEC) 
· Option 3: 3 us for co-located deployment, 8us for non-co-located deployment (Huawei)
· Option 4: 7us (Nokia) 
Issue 1-2: If 260ns MRTD is not feasible for some scenarios in common beam management then some performance degradation for MRTD larger than a threshold (e.g. 260ns) should be discussed 
· Option 1: yes (Qualcomm, MediaTek, Apple, OPPO, )
· Option 2: no (Ericsson)

Issue 1-3: 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. 



· Option 1: yes (Apple, Qualcomm, Mediatek, OPPO)
· Option 2: no (Huawei, Nokia, Ericsson)
· Option 3: proposal in R4-2007096 (Ericsson, NEC)

Sub-topic 1-4: MRTD with independent beam management

· Option 1: 4~5us (Apple, Mediatek, OPPO)
· Option 2: 8us (Ericsson, Huawei, NTT DCM, T-Mobile USA, Verizon, Qualcomm, NEC, Nokia)
· Option 3: 7us  (Nokia)

Issue 1-5: MTTD for common beam management

· Option 1: Corresponding MTTD for inter-band FR2 NR CA with common beam management as 3.5 µs (Ericsson)
· Ericsson needs to confirm their proposal since their comment is different from the one in their paper. [Ericsson]: Option 1 as stated here is fine. Comment updated for consistency.
· Option 2: MTTD can be derived based on the corresponding MRTD agreement (Huawei, Nokia, NTT DCM, NEC)
· Option 3: MTTD should not be defined for inter-band CA with common beam (Qualcomm, Mediatek, Apple)

Sub-topic 1-6: MTTD for independent beam management

· Option 1: Keep MTTD for FR2 inter-band CA unchanged (i.e. 8.5 µs) for independent beam management. (Qualcomm, Huawei, Ericsson)
· Ericsson needs to confirm their proposal since their comment is different from the one in their paper. [Ericsson]: Option 1 as stated here is fine. Comment updated for consistency.
· Option 2: MTTD can be derived based on the corresponding MRTD agreement (MTK, OPPO, Apple, Nokia, NTT DCM, NEC)


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

	
	


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”







