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0. [bookmark: _Ref5850594]Introduction
This email discussion focuses on Rel-17 UE feature list discussion (agenda 4). According to RAN4 Chair guidance on UE feature list handling guidance in the meeting arrangement (slide 9), this email thread will focus on feature group discussion in UE RF, RRM demod releated feature groups will be handled in the individual session. The outcome will be taken into account in the UE feature list sent to RAN2.
Before the consensus is reached, the feature or feature group will be captured with index being labeled as FFS. After the consensus is reached, the feature or feature group will be given the index.
[image: C:\Users\cmcc\AppData\Local\Temp\1642036094(1).png]
In the summary, except for the proposed UE features, I list all the Rel-17 WIs. For the WIs that no contribution submitted, if any feature is needed, please add it in the comments, so that it can be discussed in this meeting. 


- 1/36 -
1. RF requirements enhancement for NR frequency range 1 (FR1) 
1.1. Companies’ contributions summary
.Companies’ contributions summary 
	Tdocs
	Title
	Source

	R4-2200286
	Initial views on R17 feature list
	Apple

	R4-2201446
	Initial review of RAN4 UE feature in Rel-17
	ZTE Corporation



1.2. Discussion on 1st round	
Issue 1-1: Requirements for intra-band UL CA+UL MIMO
Option 1: (Apple): 
In the context of requirements for intra-band UL CA + UL MIMO, differentiation of requirement applicability based on PA architecture may be needed. 
It is recommended to revisit this issue once the related technical discussion converges.

Option 2: (ZTE): 
	UE feature 
	Description 

	Intra-band contiguous CA+MIMO
	Indicate whether UE supports Intra-band contiguous CA for UL-MIMO



1.2.1. Companies’ views collection for 1st round
Issue 1-1: Requirements for intra-band UL CA+UL MIMO
	Company
	Comments

	Skyworks
	We agree that signaling for 2Tx UL CA to support CA for UL MIMO is needed. We also agree that differentiation of architecture is needed between case that can only use TxD and cases with at least one full power PA for 1Tx fallback PA. furthermore, additional signaling may be needed to differentiate 2Tx MPR for case with only one full power PA and case with two full power PA. We agree with Apple that this still needs resolution in the WI.

	HW
	This new signaling is not necessary.
Whether UE needs to decide the capability based on PA architecture is under discussion in email thread #118 NR_RF_FR1_enh_IntraHPUE, and we shall refer to that discussion.
Even if it’s identified as needed, the existing signaling could be reused. UE could report the MIMO capability per band per band combination since Rel-15. The scheme could be reused for intra-band UL CA+UL MIMO.

	OPPO
	For option 1, the requirements for different UE architectures of CA+MIMO is still under discussion, can come back to this when that finished and clear.
For Option 2, with the LS from RAN2 R4-2200016, it is clear that current RAN2 signaling can indicate whether UE supports UL CA and MIMO in one band. No new signaling is needed.

	Ericsson
	Signaling is not needed unless there is a difference is supported functionality/capability for a band combination and the possibility to configure the UE with a certain configuration. If the MPR is excessive for an architecture for a CA/UL-MIMO configuration, then this should not be considered feasible for this configuration. Indication of PA architectures of limited value (supported features/power class relevant).

	Apple
	We are fine to follow the group's decision (outcome of Tuesday's GTW)



Issue 1-2: Other features groups for NR FR1 enhancement

	Company
	Comments

	Skyworks
	Other features using 2 transmit paths (TxD, NC UL VA, contiguous ULCA) may need existing/additional signaling for different PA architectures. Again this need to be resolved in the associated WI.
At this time it is unclear if NRU contiguous ULCA may require additional signaling

	China Telecom
	For Tx switching (and the corresponding DL interruption, UL-MIMO coherence), LSs on the needed capabilities have seen sent to RAN2 in previous meetings. Maybe these UE features can be added in the list in next RAN4 meeting.

	Ericsson
	A capability for supporting power limits for UL CA (power prioritization) should be introduced to allow indication in earlier releases (the capability mandatory for Rel-17).

	Qualcomm
	We have to be careful in handling the features/capabilities so that we do not have too much fragmentation.



1.2.2. Summary for 1st round
Issue 1-1: Requirements for intra-band UL CA+UL MIMO
Option 1: (Apple): 
In the context of requirements for intra-band UL CA + UL MIMO, differentiation of requirement applicability based on PA architecture may be needed. 
It is recommended to revisit this issue once the related technical discussion converges.
Agreement: follow the reply LS R2-2111465 from RAN2.

Issue 1-2: Other features groups for NR FR1 enhancement
Agreement: Capture the previous agreements of capabilities for Tx switching.

2. NR RF requirement enhancements for frequency range 2 (FR2)
2.1. Companies’ contributions summary
.Companies’ contributions summary 
	Tdocs
	Title
	Source

	R4-2200286
	Initial views on R17 feature list
	Apple

	R4-2201446
	Initial review of RAN4 UE feature in Rel-17
	ZTE Corporation



2.2. Discussion on 1st round	
Issue 2-1 ~ 2-3 (Apple)
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	UL gap for Tx power management  
	2-1
	Support of UL gap for Tx power management 
	Capability of performing BPS sensing for Tx power management    


	 
	yes
	no
	UE does not support UL gap for Tx power management
	FR2 only
	No
	No
	
	
	Optional with capability signalling

	
	2-2
	Support of UL gap configurations  
	Capability of support specific UL gap configuration  


	2-1
	yes
	no
	 
	FR2 only 
	No
	No
	
	 
	Optional with capability signalling

	UL gap for coherent UL MIMO  
	2-3
	Support of UL gap for coherent UL MIMO 
	Capability of performing coherent UL MIMO calibration in UL gap  

	
	yes
	no
	UE does not support UL gap for coherent UL MIMO calibration 
	FR2 only 
	No
	No
	
	
	Optional with capability signalling



Issue 2-4 inter-band UL CA (ZTE)
	UE feature 
	Description 

	Inter-band UL CA
	Indicate the supported beam management type for inter-band UL CA within FR2. Beam management type can only be independent beam management (IBM).



Issue 2-5 inter-band DL CA (ZTE)
	UE feature 
	Description 

	Inter-band DL CA
	Indicate the supported beam management type for inter-band CA within FR2. Beam management type can be independent beam management (IBM) or common beam management (CBM), or both




2.2.1. Companies’ views collection for 1st round
Issue 2-1: Support of UL gap for Tx power management
	Company
	Comments

	ZTE
	In general, we are fine to introduce such kind of UE capability, however it’s better to be discussed under the FR2 UE RF enhancement firstly.
Need of FR1 and FR2 differentiation should be yes instead of N

	Nokia
	For the UL gap for Tx power management feature it is important to clearly define as part of the feature and later as part of UE capability that the UE is also required to meet all the enhanced UE requirements and pass the related test cases if supporting this feature and thus, indicate the support of the UE capability.  
In our view one UE capability 2-1 ‘Support of UL gap for Tx power management’ is sufficient and this UE capability/feature description should include the definition that the UE needs to meet the related enhanced requirements and pass the corresponding test cases. Every UE supporting this feature should also support all the UE gaps that are specified for this feature to enable efficient system operations. Therefore, we propose that 2-2 is not included to the feature list and is removed from the table.

	Ericsson
	We are fine with this as UE capability.

	Apple
	As proposed, support of UL gap for Tx power management is a per UE capability

	Intel
	We support to add the capability and according to email tread discussions, this capability should be per-band.



Issue 2-2: Support of UL gap configurations  
	Company
	Comments

	ZTE
	Similar comment as Issue 2-1, it’s better to be clarified whether all ULGP is mandatory or only 1st two is mandatory and rest of ULGP is optional.

	Nokia
	See also our comments above for 2-1, In our view one UE capability 2-1 ‘Support of UL gap for Tx power management’ is sufficient and this UE capability/feature description should include the definition that the UE needs to meet the related enhanced requirements and pass the corresponding test cases. Every UE supporting this feature should also support all the UE gaps that are specified for this feature to enable efficient system operations. Therefore, we propose that this 2-2 ‘Support of UL gap configurations ’ is not included to the feature list and is removed from the table.

	Ericsson
	This issue is discussed under thread ([101-bis-e][120] NR_RF_FR2_enh2_Part_22.2.1) Sub-topic 2-1: Optionality of Gap configurations. 
Discussion on feature list for this issue should be postponed until the conclusion of UL gaps under ([101-bis-e][120] NR_RF_FR2_enh2_Part_22.2.1.
Our view is that all UL gap configurations should NOT be optional. At least some of them must be mandatory.

	Qualcomm
	We would like to understand why 2 separate capabilities are needed. Discussion should first be concluded in the specific topic.

	Apple
	Our view is support of UL gap configuration is optional. We are OK to further discuss it in thread #120.

	Intel
	We support to introduce this capability and we can further discuss whether this should be per-UE or per-band in [120].



Issue 2-3: Support of UL gap for coherent UL MIMO  
	Company
	Comments

	ZTE
	In general, we are fine to introduce such kind of UE capability, however it’s better to be discussed under the FR2 UE RF enhancement firstly.
Need of FR1 and FR2 differentiation should be yes instead of No

	Nokia
	The 2-3 ‘Support of UL gap for coherent UL MIMO’ UE feature/capability should also include as part of the feature description that UE also needs to meet all the enhanced UE requirements defined for this feature and pass the related UE test cases to indicate support of this feature/capability. We agree that one UE capability/feature is sufficient for coherent UL MIMO and the same principle should also be used for the UL gap for Tx power management feature.

	Ericsson
	We do not see the need to specify UL gap for coherent UL MIMO. This can be done autonomously without any specification. 
But if this is specified then it should be optional and UE capability. 

	Apple
	As proposed, we think support of UL gap for coherent UL MIMO should be a UE capability. 

	Intel
	We support to introduce this capability as a per-band UE capability.



Issue 2-4 inter-band UL CA   
	Company
	Comments

	ZTE
	In Rel-17, RAN4 only define and discuss the RF requirements for IBM for inter-band UL CA, which is different with inter-band DL CA. Therefore, we think it should distinguish the beam management capability for inter-band UL CA and inter-band DL CA.

	HW
	This signaling for UL beam management is not needed.
RAN4 hasn’t discussed on beam management capability for UL CA. The discussion was mainly on DL CA which is covered by Issue 2-5.

	Ericsson
	This feature is not needed. 
BM indication is not needed for UL CA. It can be based on the DL indication. The indication is needed for configuring the UE with the BM. The UE should support the same CA configuration in UL and DL (at least)

	Qualcomm
	As commented in GTW, we do not see the need to differentiate between UL and DL, these should be bundled and we already have the capability.

	Apple
	Currently uplink transmission of FR2 is based on beam correspondence. BM should be the same between UL and DL, and this feature is not needed.

	ZTE
	A question: If inter-band DL CA supports CBM, then does it mean CBM is supported/indicated to inter-band UL CA?  (In Rel-17, CBM is not supported in inter-band UL CA.)



Issue 2-5 inter-band DL CA   
	Company
	Comments

	ZTE
	It was already agreed that beam management of ‘both’ and ‘CBM’ are applied to inter-band DL CA. So some corrections should be needed for the current description in TS38.306. In addition, for ’both’ , it is agreed that RAN4 sends out LS to ask RAN2 to define the capability for “both” and inquire whether “both” can be release independent from Rel-16.

Current RAN2 signaling didn’t support ‘both’
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	HW
	The signaling is agreeable. 
The ongoing discussion in email thread #119 needs to be considered.

	Nokia
	Same comments Huawei

	Ericsson
	We are fine with this feature. 



Issue 2-6: Other features groups for NR FR2 enhancement  
	Company
	Comments

	
	

	
	




2.2.2. Summary for 1st round
Issue 2-1 ~ 2-3 (Apple)
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	UL gap for Tx power management  
	2-1
	Support of UL gap for Tx power management 
	Capability of performing BPS sensing for Tx power management    


	 
	yes
	no
	UE does not support UL gap for Tx power management
	FR2 only
	No
	No
	
	
	Optional with capability signalling

	
	2-2
	Support of UL gap configurations  
	Capability of support specific UL gap configuration  


	2-1
	yes
	no
	 
	FR2 only 
	No
	No
	
	 
	Optional with capability signalling

	UL gap for coherent UL MIMO  
	2-3
	Support of UL gap for coherent UL MIMO 
	Capability of performing coherent UL MIMO calibration in UL gap  

	
	yes
	no
	UE does not support UL gap for coherent UL MIMO calibration 
	FR2 only 
	No
	No
	
	
	Optional with capability signalling



· Further discuss issue 2-1~2-3 in [120].

Issue 2-4 inter-band UL CA (ZTE)
	UE feature 
	Description 

	Inter-band UL CA
	Indicate the supported beam management type for inter-band UL CA within FR2. Beam management type can only be independent beam management (IBM).


· Discuss issue 2-4 in [119].

Issue 2-5 inter-band DL CA (ZTE)
	UE feature 
	Description 

	Inter-band DL CA
	Indicate the supported beam management type for inter-band CA within FR2. Beam management type can be independent beam management (IBM) or common beam management (CBM), or both


Agreement: Indicate the supported beam management type for inter-band CA within FR2-1. Beam management type can be independent beam management (IBM) or common beam management (CBM), or both
· The capability is defined per-band combination.

3. Extending current NR operation to 71GHz
1 
1.1 
3.1. .Companies’ contributions summary 
	Tdocs
	Title
	Source

	R4-2200286
	Initial views on R17 feature list
	Apple

	R4-2200544
	Discussion on Rel-17 RAN4 UE feature list
	Intel Corporation



3.2. Discussion on 1st round	
Issue 3-1: UE supported FR2-2 channel bandwidths
Option 1 (Apple)
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X.Extending current NR operation to 71GHz
	X-1

	UE support of max. CBW for supported SCS

	Capability of supported max. CBW
1. 400MHz for 120kHz SCS
2. 1600MHz for 480kHz SCS
3. 2000MHz for 960kHz SCS

Note: this capability may need to be split into three capabilities, i.e. one for each supported SCS
	
	yes

	no

	UE cannot transmit or receive with the max. CBW

	per Band

	No

	No

	
	
	Optional with capability signalling



Option 2 (Intel)
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	x-1
	FR2-2 channel bandwidths for each SCS in each band for DL and UL for a single CC
	Support of FR2-2 channel bandwidths 
1) 120 kHz SCS: {100, 400} MHz CBW
2) 480 kHz SCS: {400, 800, 1600} MHz CBW
3) 960 kHz SCS: {400, 800, 1600, 2000} MHz CBW
	FFS
	Yes
	No
	UE cannot support some UE channel bandwidths
	Per band
	N/A
	Applicable to FR2-2 only
	N/A
	UE indicating the support of specific SCS per band (RAN1 features X-Y) is required to support all CBWs corresponding to this SCS
No additional capability signalling is needed.
	NA



Issue 3-2: UL support of 64QAM in the UL
Option 1 (Apple):
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	X-4
	UL support of 64QAM in the UL
	Capability of support of 64QAM in the UL
	
	
	
	
	
	
	
	
	
	Optional with capability signalling


Option 2 (Intel)
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	x-2
	64QAM for PUSCH for FR2-2
	1) Support of 64QAM modulation for FR2-2 PUSCH
	FFS
	Yes
	No
	UE cannot support PUSCH 64QAM transmission
	Per band
	N/A
	Applicable to FR2-2 only
	N/A
	
	Optional with capability signalling



Issue 3-3: Improved ON/ON transient period

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	x-3
	[Improved ON/ON transient period]
	1) Support of improved ON/ON transient period of X < 5us (X is FFS)
	FFS
	Yes
	No
	UE does not support improved ON/ON transient period and support 5us transient period
	Per UE
	N/A
	Applicable to FR2-2 only
	N/A
	Further RAN4 discussion is required on whether to support improved ON/ON transient period and X value
	Optional with capability signalling




3.2.1. Companies’ views collection for 1st round

Issue 3-1: UE supported FR2-2 channel bandwidths
It seems we need to introduce feature groups for UE supported FR2-2 channel bandwidth. However, whether the bandwidth should be maximum bandwidth or other bandwidths, and the exact bandwidth values to report for each SCS need further discussion.
Recommended WF: More discussion is needed. 

	Company
	Comments

	ZTE
	Option 2 is more preferred, however whether it’s mandatory to support the maximum channel bandwidth per SCS as indicated in both option 1 and option 2 should be further discussed and confirmed. In the previous meeting, this discussion is not confirmed yet.

	Nokia (TL)
	We support the proposal from Intel (option 2). As each SCS is optional to support, further optionality on maximum channel bandwidth support is not required. In the competing proposal from Apple the support for bandwidth below the maximum channel bandwidth is also unclear.

	HW
	Option 2 is preferred.
UE might not support all the channel bandwidths at the early deployment stage. It’s beneficial to allow UE to inform the network what specific BW is supported. Similar signaling already exists for FR1 and FR2-1.
Need clarification on the note copied below. Is the RAN1 feature already specified?
“UE indicating the support of specific SCS per band (RAN1 features X-Y) is required to support all CBWs corresponding to this SCS
No additional capability signalling is needed.”

	Ericsson
	Need further discussion

	Apple
	Option 1 is preferred, and we are fine to continue the discussion in email thread 127

	Intel
	We do not see the need to introduce extra capability for max CBW given that 480kHz and 960kHz SCS features are already optional.
We are also ok to split this feature into three, i.e., one for each supported DL/UL SCS
Question to Apple: Is the intention that only max CBW per SCS will be optional (e.g., 1600MHz for 480kHz SCS), while other CBWs will be supported (e.g. UE with 480kHz SCS support will always support 400, 800 MHz CBW)?
To Huawei: In RAN1 UE feature list (R1-2112902), 480/960 kHz are already defined as optional UE features for FR2-2, so there is no benefit in defining support of maximum CBW as additional optional capabilities.



Issue 3-2: UL support of 64QAM in the UL
Option 1 and option 2 are similar, while option 2 has more details. 
Recommended WF: Agree to introduce “64QAM for PUSCH for FR2-2”, use option 2 as baseline.
Companies please provide comments based on option2. 
	Company
	Comments

	ZTE
	Fine with option 2 to set the optional capability for FR2-2 UL.

	Nokia (TL)
	We support the proposed WF.

	HW
	Option 2 is preferred.

	Intel
	Option 2. RF session agreement was already made.



Issue 3-3: Improved ON/ON transient period
Recommended WF: More discussion is needed.
	Company
	Comments

	ZTE
	It’s better to be discussed together with BS on/off transient period.  If there is no consensus reached, this could be further discussed in Rel-18 RAN4 package.

	Nokia (TL)
	Further discussion in the corresponding WI is needed before finalizing the capability. It is still under investigation whether 1, 2 and/or 3 us transient period is specified.

	HW
	This is pending discussion in email thread #128.

	Intel
	We are ok to wait on the outcome of the ON/ON transient periods discussion in thread [128].



Issue 3-5: Other RF related UE features for NR operation to 71GHz 
Note: RRM related UE features will be discussed in RRM session and corresponding email threads.
	Company
	Comments

	
	

	
	



3.2.2. Summary for 1st round
Issue 3-1: UE supported FR2-2 channel bandwidths
· Further discuss issue 3-1 in email thread [127].

Issue 3-2: UL support of 64QAM in the UL
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	x-2
	64QAM for PUSCH for FR2-2
	1) Support of 64QAM modulation for FR2-2 PUSCH
	FFS
	Yes
	No
	UE cannot support PUSCH 64QAM transmission
	Per band
	N/A
	Applicable to FR2-2 only
	N/A
	
	Optional with capability signalling



Agreement: agree on option 2.

Issue 3-3: Improved ON/ON transient period

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	x-3
	[Improved ON/ON transient period]
	1) Support of improved ON/ON transient period of X < 5us (X is FFS)
	FFS
	Yes
	No
	UE does not support improved ON/ON transient period and support 5us transient period
	Per UE
	N/A
	Applicable to FR2-2 only
	N/A
	Further RAN4 discussion is required on whether to support improved ON/ON transient period and X value
	Optional with capability signalling



· Discuss it in [128].

4. UE RF requirements for Transparent Tx Diversity (TxD) for NR
4.1. .Companies’ contributions summary 
	Tdocs
	Title
	Source

	R4-2200286
	Initial views on R17 feature list
	Apple

	R4-2201446
	Initial review of RAN4 UE feature in Rel-17
	ZTE Corporation

	R4-2200611
	Discussion on capability signalling for HPUE NR DC with UE supporting TxD
	MediaTek Inc.

	R4-2200612
	Draft LS on signalling clarification of NR CA/DC power class in R17
	MediaTek Inc.

	R4-2201308
	TxD signalling and inter-band carrier aggregation
	Apple



4.2. Discussion on 1st round	
Issue 4-1: TxD support per band per band combination
Proposal in R4-2200286
- New signaling was agreed to be introduced in Rel-17, and RAN2 has introduced a per-band optional capability with a restriction to FR1 only
- In the case of a UE supporting TxD in a particular band within a band combination, we should consider the scenario of a UE falling back to single Tx operation (i.e. in a single carrier configuration the UE supports TxD, but when used with inter-band CA the UE falls back to single Tx); we do have this signaling for EN-DC, but not for inter-band CA; thus, we need an additional per band per band combination capability that indicates that the UE supports TxD in band X applicable to all inter-band UL CA combinations
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	TxD
	X-1
	TxD support per band per band combination
	Support of transmit diversity per band per band combination
	TxD support per band
	Yes
	No
	UE uses a single Tx 
	Per FSPC (per CC per band per BC)
	No
	FR1 only
	N/A
	
	Optional with capability signalling



Issue 4-2: New power class signalling per band per band combination
Proposal in R4-2200611 (MTK)	
A new power class signalling per band per combination is needed for PC2 NR CA/DC starts from Rel-17.

Proposal in R4-2201308 (Apple)
Observation 2: In case of TxD and inter-band carrier aggregation the UE may not be able to achieve advertised power class for single bands and has currently no possibility to signal a different power class.
Proposal: Discuss the issue of TxD and inter-band carrier aggregation to find a potential way forward.


4.2.1. Companies’ views collection for 1st round

Issue 4-1: TxD support per band per band combination
	Company
	Comments

	Skyworks
	For UE using TxD in one or both bands of an inter-band 2UL UL configuration, the current limitation to max 2 transmitter means that UE will have to fall back to 1Tx (and thus 3dB lower power) for these bands. This may be an assumption or a signaling capability, the later may be better if 3Tx is foreseen in R18

	MediaTek
	We share the Skyworks view and we’ve seen there is issue on existing UE that supporting TxD when the UE also supports inter-band UL CA capability.

	Nokia(HU)
	We understand the point and we are open to discuss it’s necessity.  Necessity, however, may depend on if we still keep specifying band combinations with asymmetric power classes per band within a band combination but the total power is capped by PC by the band combination like PC2(PC2, PC3). If so, that signaling may need but the signaling does not have to be TxD specific.
If band combinations like PC2(PC2, PC3) will not be specified anymore and higher power which is on-going WI will be used, the signaling may not need since if PC2(23+23) per single band is used as 23 within PC band combination, the UE would not signal higher power capability anymore. 

	HW
	This signaling is needed only in case of 3Tx or above.
In Rel-17 only 2Tx is assumed for inter-band CA. It’s expected UE will not apply TxD on any band of inter-band CA combo.

	OPPO
	Specific power class was introduced for EN-DC due to TxD supported in one band of the band combination to make it clear which power class requirement this band will apply. Similar for inter-band UL CA, since the MPR is applied per band, therefore it needs to be clear which power class this band will support under a band combination. 
It can be indicated via TxD per band per band combination capability or other capabilities like new power class per band per band combination.

	Ericsson
	Agree with Apple (could also apply to TX switching cases with CA). Something similar to the EN-DC case could be considered

	Qualcomm
	This capability is non-backwards compatible in our understanding as UEs should not change their power class depending on configuration. We have some concerns on introducing this. 
Also, the case that UE power class stays the same should always be covered.

	Apple
	If we understood the GTW discussion correctly, then the alternative option of not introducing this proposed per band per BC signaling is motivated by the common understanding that Rel-17 assumes the 2 Tx architecture.  This alternative would imply that a UE capable of PC2 via TxD in band X shall be assumed to support PC3 only in any inter-band UL CA configuration with band X.  We are not certain whether this restricts implementations too much with, e.g. 23+26 dBm scenarios, where the UE can still support PC2 with a single PA for some bands and would need to fall back to PC3 in other bands.  In our understanding, the signaling approach still seems to be the cleanest way forward.

	Samsung
	We are okay with introducing the signaling, but the expected UE behavior should be further clarified, especially because this per-CC-perBand-per-BC signaling is optional one: 
· If one band is indicated its support of TxD (by using the per-band sub feature which needs to be updated into the feature list table), and if this per-B-per-BC feature is not present, what is the UE behavior?
· If the feature group is FSPC as proposed here, we expect the same TxD support among all CCs in the same band. Is that the correct understanding? 
Furthermore, do we really needs FSPC (per CC per Band per BC) for this feature, or per Band per Band Combo is enough, considering the general TxD feature is per Band. Especially considering the name in the table is “TxD support per band per BC”, obviously update is needed here (either on feature group name or Feature Type).



Issue 4-2: New power class signalling per band per band combination
	Company
	Comments

	ZTE
	For PC2 inter-band CA/DC, we think new power class signalling per band per combination is needed

	MediaTek
	As we proposed, a new power class signaling per band per combination can indicate different UE capability under non-CA operation (TxD) and under inter-band UL CA operation.

	Nokia(HU)
	At least if we introduce signaling like this, this does not have be specific to TxD.

	HW
	We have also identified the problem and discussed it in our paper R4-2201836 (#101bis-e) and R4-2118547 (#101-e).The ambiguity of per-band power class for PC2 CA/DC could cause a valid UE to fail the conformance tests of the configured transmitter power. We need a scalable solution that can support both 2Tx and 3Tx.
A Lookup Table (LUT) based method is proposed in our paper R4-2201836, which can solve the power class ambiguity issue and increase the CA power limit when needed.
This could be considered for inter-band CA and intra-band NC CA.

	OPPO
	Same comment as Issue 4-1. Either per band per BC TxD capability or power class capability can be used.

	Ericsson
	Same comment as for issue 4-1.

	Qualcomm
	Same comment as for issue 4-2

	Apple
	There may also be one additional scenario for us to consider:  a UE may only have 1 PC2 PA and 1 PC3 PA. For single band, PC2 could be shared by a few bands, such as n40 and n41. But when we have UL CA n40+n41, one band would need to fall back to PC3. This scenario does not necessarily involve TxD.



Issue 4-3: Other UE features for TxD.
	Company
	Comments

	Skyworks
	TxD for 1CC/2CC may need existing/additional signaling for different PA architectures. this need to be resolved in the associated WI.

	Ericsson
	TxD for 1CC/2CC may need existing/additional signaling for different PA architectures. this need to be resolved in the associated WI.

	Qualcomm
	We have to be careful in not introducing too many capabilities as this will just bring fragmentation. Not all corner cases have to be covered.
The capability signaling is only useful if the network will actually use it. If there are too many variations for a feature, it is very unlikely that the network would optimize for each on of them but will rather take the least common denominator.



4.2.2. Summary for 1st round
Issue 4-1: TxD support per band per band combination
Issue 4-2: New power class signalling per band per band combination
· Discuss issue 4-1, 4-2 in this email thread.

Issue 4-3: Others (TxD for different PA architectures)
· Discuss issue 4-3 in [118].

4.3. Discussion on 2nd round
Issue 4-1: TxD support per band per band combination
Issue 4-2: New power class signalling per band per band combination
Continue to discuss how to solve the ambiguity of per-band power class for PC2 CA/DC in 2nd round.
Option 1: indicate TxD support per band per band combination
Option 2: indicate new power class per band per band combination
Other options are not precluded.

	Company
	Comments

	Nokia(HU)
	At least we don’t agree with the Option 1. 
We are open to discuss the Option 2. But we are not convinced if this is needed now or not.
Regarding the option 1, TxD is transparent and currently per band capability where the Power Class as TxD needs to follow single Tx PC defined in 6.2. Though not sure what network can do even if a UE can use whether TxD capable or not during CA, but the network can know if PC per band combination is reported indirectly since if TxD is not available during CA, the reported PC within a CA is half of the PC reported as single band. 

	Apple
	Option 1 is preferred. We are also open to discuss Option 2 further; perhaps it could be possible to carry both options forward to the next meeting for further analysis?

	MediaTek
	Option 2. The option has no dependency with option 1 thus it can be discussed separately. 
In response to NBC concern, PC2 NR CA/DC starts from Rel-17 and same is specification suffix G (TXD). The new signaling is needed to solve the power class ambiguity with UE supporting TXD thus we don’t think this is NBC in 38.101-1. 
In response to UE behavior clarification, if one band is indicated its support of TxD but per-B-per-BC feature is not present, there may be different PHR comparing to single band operation that may cause network uplink power control issue. And the feature type FSPC may not be proper here. There seems no need to signal per CC per Band per BC. Per band per BC is enough.
Further, this solution can also be applied for UE supporting more than 2TX, this can be further discussed in later release since 2TX is current RAN4 assumption. At least in current release we need a clear indication.

	HW
	Option 1 and 2 could be discussed separately.
Option 2. Reporting new power class is necessary in some scenarios.
Example: 
UE with 23dBm+26dBm implementation. As per current RAN4 agreement it will not report TxD capability. 
It might report PC2 in all the bands as the 26dBm PA could be used when it works in single band.
When it works in CA mode, one of the band can only transmit 23dBm, and this information can’t be communicated to network. By introducing a new power class, network could update its expectation.

Option 1. 
The UE’s TxD capability per band per band combination is not necessary as it could be derived based on the existing per band TxD capability and the new power class signaling as per Option 2.

	Ericsson
	Issue 4-1: reading the proposal again, we propose not to introduce any further TxD indication, the power capability for the BC and its consistent bands should follow from the BC and per-band power classes (see next issue).
Issue 4-2: We support Option 2. A new per-band power class could be introduced in the featureSetCombination per band and would apply to intra-band contiguous CCs in the band. If absent the NR power class applies.



4.4. Summary for 2nd round
Issue 4-1: TxD support per band per band combination
Issue 4-2: New power class signalling per band per band combination
Continue to discuss how to solve the ambiguity of per-band power class for PC2 CA/DC in 2nd round.
Option 1(Apple): indicate TxD support per band per band combination
Option 2 (MediaTek, Huawei, Ericsson): indicate new power class per band per band combination
Other options are not precluded.
Recommended WF:
More companies prefer to consider option 2 to solve the issue. And some companies believe these two issues can be discussed separately. 
Continue to discuss in next meeting.
5. NR coverage enhancements
5.1. .Companies’ contributions summary 
	Tdocs
	Title
	Source

	R4-2200286
	Initial views on R17 feature list
	Apple



5.2. Discussion on 1st round	
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	Coverage enhancement
	X-1
	Maximum duration of UE transmission for joint channel estimation
	UE supports the indicated maximum duration of transmission for joint channel estimation: [{2, 4, 8, 16, 32} slots]
	N/A
	Yes
	No
	UE does not support transmission for joint channel estimation
	Per Band
	No
	No
	N/A
	
	Optional with capability signalling



5.2.1. Companies’ views collection for 1st round

Issue 5-1: Maximum duration of UE transmission for joint channel estimation
	Company
	Comments

	China Telecom
	RAN1 has agreed the following UE feature, as seen in RAN1 LS. So, we propose RAN4 to send the related agreements to RAN1, and RAN1 can capture the RAN4 agreements in RAN1 feature list.
	30. NR_cov_enh
	30-4
	[The maximum duration for DM-RS bundling]
	The maximum duration during which UE is able to maintain power consisitency and phase continuity to support DM-RS bundling for PUSCH/PUCCH
FFS dependence on modulation order
FFS dependence on back-to-back vs. non-back-to-back repetitions




	ZTE
	Based on the discussion in last RAN4 meeting and LS out to RAN1 R4-2120002,  maximum duration for joint channel estimation is still under the discussion, it’s per FR or per band is also FFS.

	HW
	There is relevant discussion in email thread #130.

	Ericsson
	We do not support this feature since in our view the requirements on the maximum duration of UE transmission for joint channel estimation should be based on one value in terms of number of slots.
In any case the feature’s components/Per band/TDD-FDD differentiation/FR1 FR2 differentiation are currently being discussed in email thread # [130]. Feature discussion on these fields should refer to/depend on email thread # [130] discussion.

	Intel
	We also support to check with RAN1 whether this proposal has overlap with RAN1 features.



5.2.2. Summary for 1st round
Issue 5-1: Maximum duration of UE transmission for joint channel estimation
Agreement: no need to capture the feature in RAN4. Provide the feedback to RAN1 to capture the values.

6. Others
6.1. .Companies’ contributions summary 
	Tdocs
	Title
	Source

	R4-2200286
	Initial views on R17 feature list
	Apple

	R4-2201446
	Initial review of RAN4 UE feature in Rel-17
	ZTE Corporation

	R4-2201803
	A new Rel-17 per-FR MG capability based on Per BC
	Qualcomm Incorporated



6.2. Discussion on 1st round	
Issue 6-1: Support ot Hybrid duplex operation for HPUE FDD (Apple)
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	HPUE FDD
	X-1
	Hybrid duplex operation
	Support of hybrid duplex operation
	N/A
	Yes
	No
	UE does not support hybrid duplex operation
	Per Band
	FDD only
	FR1 only
	N/A
	
	Optional with capability signalling



Proposal in R4-2200286:
We propose to introduce a new UE capability of supporting hybrid duplex operation for PC2 FDD bands.  It can indicate to the need to configure UE to half-duplex mode or back to full-duplex mode as needed. The mode configuration can potentially be done semi-statically through RRC reconfiguration or dynamically through MAC-CE process.
Issue 6-2: Power high limit for inter-band CA and DC (ZTE)
	UE feature 
	Description 

	[Power high limit for inter-band CA and DC]
	[Indicate whether UE supports high power limits for inter-band CA and DC]



Issue 6-3: maxUplinkDutyCycle-interBandCA-PC2 (ZTE)
	UE feature 
	Description 

	maxUplinkDutyCycle-interBandCA-PC2
	Maximum uplink duty cycle for NR inter-band CA power class 2



Issue 6-4: DC location for intra-band CA [more than 2CC]
	UE feature 
	Description 

	DC location for intra-band CA [more than 2CC]
	Indicate whether UE support Additional DC location reporting for intra-band UL CA



Issue 6-5: Per BC indication for the per-FR gap capability (Qualcomm)
Observation 1:  Per-FR gap capability for a UE is not purely depending on RF architecture but also baseband design.
Observation 2:  There are thousands of FR1+FR2 band combinations specified in 3GPP so far and they can be of up to 5 bands of either FDD or TDD in both FR1 and FR2.
Observation 3: The constraints of the per UE indication of per-FR gap come from that UE may not support per-FR gap for certain high order CA combination.
Observation 4: For overloading issues, reverting the assumptions for all related requirements in a case by case manner is not feasible as there will be severe compatibility issues even by introducing new dedicated signaling for each requirements.
Observation 5: The advantages of introducing the new capability are very clear (e.g. enables more UEs to support per-FR gap feature) while there is no foreseen disadvantage. In the worst case scenario, the new capability is simply ignored.

Proposal 1: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity to Rel-17 UE feature list.

Issue 6-6: Support of MSD reduction for HPUE FDD (China Unicom)
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	HPUE FDD
	
	MSD reduction
	Support of reducing UE Tx power for certain bandwidth in specific bands, where the MSD is larger than or equal to [FFS]dB under power class 2 operation.
	N/A
	Yes
	No
	UE does not support lowering the MSD by reducing UE Tx power
	Per Band
	FDD only
	FR1 only
	N/A
	Network can configure whether to enable the UE capability
	Optional with capability signalling




6.2.1. Companies’ views collection for 1st round

Issue 6-1: Support ot Hybrid duplex operation for HPUE FDD
	Company
	Comments

	ZTE
	No agreements so far.  In terms of the previous discussion, some companies agree to introduce Hybrid duplex operation for HPUE FDD but still there are several companies agree not to support.

	HW
	This signaling is not necessary.
The said Hybrid duplex method adds implementation complexity of network scheduling, and would have unexpected RAN1 impact, therefore should not be introduced.
In addition if the signaling as in Issue 6-6 is agreed, the MSD impact could be reduced.

	OPPO
	Need to wait for the outcome of discussion whether the hybrid FDD is needed or not.

	Ericsson
	Not preferred. We do not support introducing Hybrid duplex operation for HPUE FDD.

	CHTTL
	Share the same view as HW and Ericsson.

	Qualcomm
	This first has to be discussed in the work item. The feature is not yet agreed.

	Apple
	We view this proposed capability as the most efficient method of enabling high power UE operation in FDD bands, and we are fine to continue the discussion in the related email thread.

	Intel
	Postpone the discussion till the agreements on Hybrid duplex introduction are made.



Issue 6-2: Power high limit for inter-band CA and DC
Recommended WF: Companies are welcome to comment whether this feature is needed or not. If needed more details on the feature group are welcome to be provided in order to complete the feature group.
	Company
	Comments

	ZTE
	In terms of the agreement, the signalling for power high limits for inter-band CA/DC is needed, however, the signalling details are still underway, maybe we postpone to discuss.

	Nokia(HU)
	We agree with ZTE that we anyway need some more discussion.
From our perspective, at least signalling per band combination to indicate power high limit support is necessary. At least in our understanding, this capability is power aggregation agnostic for instance, PC2+PC3 or PC5+PC3 can use the same capability since this capability indication is just to lift the restriction and the expected total power can be calculated by power class per band.
Also, additional maxUPlinkDutyCycle for higher power may be needed but it depends on the discussion outcome.

	HW
	There is ongoing discussion in email thread #114 under dedicated WI NR_Power limit_CA_DC.

	OPPO
	Generally ok to introduce a UE capability for this power high limit. But more details are needed, and the discussion of handling TxD exception case is still ongoing, like whether it is allowed to indicate this capability if one band in a band combination support TxD, if it is then maybe per band per band combination capability is needed.

	Ericsson
	Not needed. The existing power class per band combination can be extended.

	Intel
	Postpone the discussion till the design becomes clearer.



Issue 6-3: maxUplinkDutyCycle-interBandCA-PC2
Recommended WF: Companies are welcome to comment whether this feature is needed or not. If needed more details on the feature group are welcome to be provided in order to complete the feature group.
	Company
	Comments

	China Telecom
	The maxUplinkDutyCycle-interBandCA-PC2 and maxUplinkDutyCycle-SULcombination-PC2 capabilities have been agreed in RAN4 #100e, and LS has been sent to RAN2 in R4-2114933. So the corresponding UE features are needed (but not urgent), and the details on the feature can be finished in the next meeting. 

	ZTE
	It was already introduced in TS38.101-1 spec for PC2 inter-band CA duty cycle. However, no corresponding capability in TS38.306 was introduced.

if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is not absent and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or....



Issue 6-4: DC location for intra-band CA [more than 2CC]
Recommended WF: Companies are welcome to comment whether this feature is needed or not. If needed more details on the feature group are welcome to be provided in order to complete the feature group.
	Company
	Comments

	ZTE
	Current RAN2 signalling on Tx DC only support two uplink carriers
[image: IMG_256]

	Nokia
	A new capability is needed. At least the capability needs to also indicate which “frequency component” is supported to calculate default DC location(s). Moreover, some complementary information is required to address the case where a UE has two DC locations. In any case, it needs more discussion.  

	HW
	Support adding this signaling.
Still some open issues are under discussion in email thread #121.

	OPPO
	Agree with Nokia, more capability signalling is needed, and can refer to LS R4-2119965, like UE supported default DC location, DC numbers.

	Qualcomm
	A new capability is most likely needed as there will be new signaling for this case.



Issue 6-5: Per BC indication for the per-FR gap capability
Recommended WF: This issue had been discussed since Rel-16 feature list. Companies please provide technical comments on whether this feature should be introduced in Rel-17..
	Company
	Comments

	HW
	Support adding this signaling.
By introducing the per-BC indication, UE can utilize the per-FR gap if this feature can not be supported only in some extreme BC or when it is overloaded by other RRM requirements. Based on the discussion in previous meetings, no compatibility issues is foreseen.

	Qualcomm
	We support this feature. The proposal was discussed before, is fully backwards compatible and does not require and requirement change in RAN4

	Intel
	We support the contents of this proposal.
But we had RANP agreement that we do not continue discuss this issue since there is no placeholder for this discussion. If the group consensus is that we can use feature list as the place holder we would like to support this proposal.



Issue 6-6: Per band indication for reducing MSD under NR FDD PC2
	Company
	Comments

	HW
	Support introducing such a signaling.

	Qualcomm
	We should come back to this discussion after we understand what MSD we are talking about. It is unlikely that the MSD would be so high that a reduced MSD capability would be needed/feasible.

	Apple
	This proposal seems to contradict the work item objective, and we don't think this is the right way to resolve the related MSD issues. In our system level simulation study, which we submitted to the FDD HPUE agenda, we actually made a related assumption by modeling MSD impact as a function of Tx power.  In our understanding, this proposed capability would simply shrinks the cell size right back to PC3 cell size, resulting in no overall gain for the network.



Issue 6-7: Other features for spectrum related WIs or features not covered by Rel-17 WIs
	Company
	Comments

	
	

	
	



6.2.2. Summary for 1st round
Issue 6-1: Support ot Hybrid duplex operation for HPUE FDD (Apple)
· Discuss it in [115].

Issue 6-2: Power high limit for inter-band CA and DC (ZTE)
· Discuss it in [114].

Issue 6-3: maxUplinkDutyCycle-interBandCA-PC2 (ZTE)
Agreement: agree to capture feature of maxUplinkDutyCycle-interBandCA-PC2 and maxUplinkDutyCycle-interBandCA-PC2 and maxUplinkDutyCycle-SULcombination-PC2 in RAN4 feature list.

Issue 6-4: DC location for intra-band CA [more than 2CC]
Agreement: Introduce the new capability signalling for DC location for intra-band CA more than 2CC to indicate whether UE support additional DC location reporting for intra-band UL CA.
· Further discuss the details in email thread [121] for both FR1 and FR2.

Issue 6-5: Per BC indication for the per-FR gap capability (Qualcomm)
· Further discuss it in this email thread.

Issue 6-6: Support of MSD reduction for HPUE FDD (China Unicom)
· Discuss it in [115] email thread for FDD HPUE.

6.3. Discussion on 2nd round
Issue 6-5: Per BC indication for the per-FR gap capability (Qualcomm)
Observation 1:  Per-FR gap capability for a UE is not purely depending on RF architecture but also baseband design.
Observation 2:  There are thousands of FR1+FR2 band combinations specified in 3GPP so far and they can be of up to 5 bands of either FDD or TDD in both FR1 and FR2.
Observation 3: The constraints of the per UE indication of per-FR gap come from that UE may not support per-FR gap for certain high order CA combination.
Observation 4: For overloading issues, reverting the assumptions for all related requirements in a case by case manner is not feasible as there will be severe compatibility issues even by introducing new dedicated signaling for each requirements.
Observation 5: The advantages of introducing the new capability are very clear (e.g. enables more UEs to support per-FR gap feature) while there is no foreseen disadvantage. In the worst case scenario, the new capability is simply ignored.
Proposal 1: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity to Rel-17 UE feature list.

	Company
	Comments

	Apple
	Procedure-wise, we share the comment from Intel that if R17 feature list discussion should include this proposal, as it doesn’t belong to any of the R17 WIs.
Technically, even though this proposal was discussed during R16 at multiple meetings, what remains to be seen is what constraint a UE might face in terms of baseband processing capability, even though the general understanding is this constraint comes from the baseband. Further clarifications from proponents are appreciated.

	Huawei
	We support the moderator’s proposal. It makes the per-FR gap more flexible to be supported, and it is backwards compatible according the discussion in Rel-16.

	Ericsson
	Our concern is that the Per BC indication for the per-FR gap capability puts more constrain on the network scheduling and measurement configuration. If the BC is reconfigured or changes then depending on the UE per BC capability the UE may or may not support the per FR for the new BC. In this case the network has to change the scheduling method, reconfigure gaps and possibly modify measurement configuration. 


6.4. Summary for 2nd round
Issue 6-5: Per BC indication for the per-FR gap capability (Qualcomm)
Proposal: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity to Rel-17 UE feature list.
Recommended WF:
Continue to discuss in next meeting.
7. Enhancement for NR high speed train scenario in FR1
Moderator: will be discussed in email thread [203] FR1 HST. The conclusion in [203] FR1 HST will be captured in the feature list document.

8.  NR support for high speed train scenario in FR2
Moderator: will be discussed in email thread [204] FR2 HST. The conclusion in [204] FR2 HST will be captured in the feature list document.

9.  Further RRM enhancement for NR and MR-DC
Moderator: will be discussed in email thread [206/207/208] NR feRRM. The conclusion in [206/207/208] NR feRRM will be captured in the feature list document.

10.  NR and MR-DC measurement gap enhancements
Moderator: will be discussed in email thread [209/210/211] NR MG Enh. The conclusion in [209/210/211] NR MG Enh will be captured in the feature list document.



11.  UE Power Saving Enhancements for NR
Moderator: will be discussed in email thread [214] NR UE PWS. The conclusion in [214] NR UE PWS will be captured in the feature list document.

12. Positioning enhancements for NR
Moderator: will be discussed in email thread [222] NR ePos. The conclusion in [222] NR ePos will be captured in the feature list document.

13.   Further enhancement on NR demodulation performance
Moderator: will be discussed in demodulation session. The conclusion will be captured in the feature list document.

14. Introduction of DL 1024QAM for NR FR1
Recommended WF: At least UE feature of supporting DL 1024 QAM is needed?
	Company
	Comments

	ZTE
	In general, we are fine to introduce the UE capability similar as LTE. In addition, the UE category or UE types should be clarified further in the corresponding agenda. The original motivation for the support of 1024QAM in DL is for stationary wireless scenarios (e.g. FWA)

	Ericsson
	RAN1 has agreed to introduce the optional per-band UE capability for DL1024 QAM (NR_DL1024QAM_FR1). RAN4 does not need to add UE feature on DL1024QAM for FR1. 

	Intel
	RAN1 feature list already includes DL 1024QAM for FR1 and no further RAN4 discussion is needed (see R1-2112902 feature 36-1).



GTW Tentative agreement: No need to capture the DL 1024QAM feature in RAN4.
After further check, FG36-1 for DL 1024QAM is already captured in RAN1 feature list. The above tentative agreement can be confirmed.
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15. Solutions for NR to support non-terrestrial networks (NTN)
Any UE features for NTN？
	Company
	Comments

	Intel
	FFS. Propose to discuss once additional RAN4 progress is made. There are planned features to be added which are under discussion.

	
	



16. NR Sidelink enhancement
Any UE features for Sidelink enhancement?
	Company
	Comments

	LGE
	Provide the expected SL UE features based on the agreements at last RAN4 meeting. 
Agreement 1: For sidelink, define specific NR V2X power class capability, e.g., PC2 and PC3 per band.
Agreement 2: Introduce NR V2X BC power class for intra-band con-current V2X operation, e.g., PC2 and PC3 per band combinations.
Agreement 3: Introduce NR V2X BC power class for inter-band con-current V2X operation, e.g., PC2 and PC3 per band combinations.

	
	



	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)

	NR SL enhancement
	16-1
	NR SL UE power class
	1) Support of NR V2X UE power class for single carrier
2) Support of NR V2X UE power class for intra-band con-current band combination
3) Support of NR V2X UE power class for inter-band con-current band combination
	5G V2X_NRSL
	Yes (in-coverage)
No (pre-configured parameters)
	Yes
	PC2 V2X UE or con-current V2X UE do not operated with max. output power.
	Per Band or
Per Band combination



17.  Further enhancements on MIMO for NR
Any UE features for eMIMO?
	Company
	Comments

	Intel
	FFS. Propose to discuss once additional RAN4 progress is made.

	
	



18.  Support of reduced capability NR devices
Any UE features for RedCap?
	Company
	Comments

	
	

	
	



19.  Multi-Radio Dual-Connectivity enhancements
Any UE features for MRDC enhancement?
	Company
	Comments

	
	

	
	



20.  Enhanced IIoT and URLLC support
Any UE features for IIoT and URLLC?
	Company
	Comments

	
	

	
	




21.  NR Sidelink Relay
Recommended WF: No UE features for sidelink Relay.
	Company
	Comments

	OPPO
	Agree with the Recommended WF for ‘sidelink relay RRM requirements. 
As for LTE SL relay, ‘Sidelink Relay UE operation’ and ‘Sidelink Remote UE operation’ were introduced in TS 36.331. The similar discussion is under discussion in RAN2. From RAN4 perspective, no new UE feature is needed for R17 SL relay.

	
	


Tentative agreement: No UE features for sidelink Relay.

22.  NR small data transmissions in INACTIVE state
Recommended WF: No UE features for SDT.
	Company
	Comments

	
	

	
	



23. NR repeater
Recommended WF: No UE features for NR repeater.
	Company
	Comments

	Nokia (TL)
	We support the proposed WF.

	
	



Agreement: no UE features for NR repeaters in RAN4.
24. Enhancements to Integrated Access and Backhaul (IAB) for NR: Qualcomm
Recommended WF: No UE features for IAB.
	Company
	Comments

	Nokia (TL)
	We support the proposed WF.

	Samsung
	We agree with the recommended WF. From RAN4 perspective No new UE feature is needed for R17 eIAB according to our observation. 



Tentative agreement: No UE features for IAB.

25. Additional enhancements for NB-IoT and LTE-MTC
Any UE features for NB-IoT and LTE-MTC?
	Company
	Comments

	
	

	
	



Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	Rel-17 UE feature list
	CMCC
	

	LS on Rel-17 RAN4 UE features list for NR
	CMCC
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

  2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2202400
	Rel-17 UE feature list
	CMCC
	Return to 
	

	R4-2202401
	LS on Rel-17 RAN4 UE features list for NR
	CMCC
	Return to 
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	Nokia
	Hiromasa Umeda
	hiromasa.umeda@nokia.com

	Nokia (TL)
	Toni Lähteensuo
	Toni.h.lahteensuo (at) nokia.com

	E///
	Muhammad Kazmi
	Muhammad.kazmi@ericsson

	Intel
	Meng Zhang
	Meng.zhang@intel.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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A GLOBAL INITIATIVE
4 Submission and treatment of tdocs for the feature list
«  Thetechnical consensus should be reached before capturing a capability in the list.

- Fora proposed feature group related to RRM, demod or BS RF, please submit one brief tdoc under agenda 4 so that a placeholder could be set
forit in the draft feature list, and one tdoc with detailed technique analysis under RRM, demod or BS RF agenda of the corresponding WI.

»  Onededicated email thread for feature list will be set in main session, where the feature groups for UE RF will be discussed in details. For RRM,
demod, or BS RF related feature groups, the technique discussions will be handled in the individual session.

+  Onthe last day, the feature list will be treated in the GTW of main session. All the stable feature groups will be captured in the feature list
without [ ] or FFS. The potential feature groups, for which no consensus is reached, they will be captured in [] or with FFS.

A Plan for approval of feature list for RAN4-lead features
«  Guidance endorsed in RAN#92-e:
- Timeline for Rel-17 UE features discussions in RANT and RAN4 endorsed in RP-211582

— RAN1:start from Oct’ 21 by email only, targeting a first LS to RANZ in Nov’ 21, a stable version in Feb’ 22, which is to be further
refined and finalized in May’ 22

— RAN4:start from 1Q° 22, targeting a first LS to RAN2 in Feb’ 22, to be further refined and finalized in May” 22
«  To help RAN2 finalizing the work timely, RAN4 is supposed to provide the input of feature list after each meeting in January, February and May.

+ Asdid for Rel-16, before the consensus is reached, FFS is placed in the index column as a placeholder for a certain proposed feature group
in the table for a certain feature or feature group(s). After the consensus is reached, a dedicate number will be used as index.

» The contents for a feature or feature group, which need more discussion, can be placed in [].
» RAN2 would not capture any feature or feature group if there is FFS or [].
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beamManagementType-r16 BC Yes | TDD FR2
Indicates the supported beam management type for inter-band CA within FR2.

only only
Beam management type can be independent beam management (IBM) or common
beam management (CBM).

In this release of the specification, the UE shall only report value of 'ibm'.
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uplinkTxDC-TwoCarrierReport-r16

Indicates whether the UE supports the uplink Tx Direct Current subcarrier
location(s) reporting when configured with uplink CA with two carriers.

It is applicable only for (NG)EN-DC/NE-DC and NR CA where the NR has intra-
band uplink CA with two uplink carriers.
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