Outcome of RAN4 #AH-1801
· Several ad-hoc sessions were held during RAN4 #AH-1801 meeting.
· The following table is the outcome. Green parts were agreed in offline session, and yellow parts indicate the status of each feature.
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (See R4-17121 19)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN
	TSG-RAN decision

	1. NR RRM
	1-1
	Independent measurement gap configurations for FR1 and FR2
	1) measurement gaps for FR1 and FR2 are configured independently
	
	Yes
	UE does not support independent gap configuration between FR1 and FR2 
	Type 4
	No Need
	　No Need
	　
	
	RAN4
	Optional
	

	2. NR System parameters
	2-1
=>Follow WF
	60kHz of subcarrier spacing for FR1
	1) whether UE supports 60kHz of subcarrier spacing for data channel in FR1
	
	Yes
	UE does not support 60kHz of subcarrier spacing for data channel
	Type 2
	No Need
	Applicable only to FR1
	
	
	RAN4
	Optional
	　

	
	2-2
=> further discussion on LS from RAN2 received during this meeting
	Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports
	1) FR1 channel bandwidths in TS38.101-1 Table 5.3.5-1
2) FR2 channel bandwidths in TS38.101-2 Table 5.3.5-1

	
	Yes
	For FR1, all the bandwidths listed in TS38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC
For FR2, UE does not support some UE channel bandwidths
	Type 1
	No Need
	　No Need
	
	Decision was made in RP-172832 
RAN4 will discuss UE mandatory channel bandwidth for FR2

	RAN2/4
	Optional
	　

	
	2-3
=> More discussion
	Simultaneous reception of data and SS block with different numerologies 
	1) Whether UE supports simultaneous reception of data and SS block with different numerologies 
	　
	Yes
	UE does not support simultaneous reception of data and SS block with different numerologies 
	[Type 2]
	No Need
	　No Need
	
	
	RAN4
	Optional
	　

	
	2-4
=> Follow LS to RAN2
	Simultaneous reception and transmission for inter band CA or EN-DC (TDD-TDD or TDD-FDD)

	1) Simultaneous reception and transmission for inter CA or EN-DC (TDD-TDD or TDD-FDD)
	　
	Yes
	UE does not support simultaneous reception and transmission for inter CA or EN-DC (TDD-TDD or TDD-FDD)
	Type 3
	No Need
	　No Need
	　
	　For band combination within FR1 (or FR2) bands
Per band combination signaling
	RAN4
	Optional
	　

	
	2-5
=> Follow WF

	Mixed numerologies for CA
	1) Support simultaneous reception or transmission with different numerologies in CA
	
	
	
	
	
	
	
	TBD
	
	
	

	
	2-6
=> More discussion
	Number of UE RX ports
	
	
	
	
	
	
	
	
	FR1: UE supports 2 or 4 RX chains [RP-172788].
FR2: Number of transceiver chains for FR2 is FFS
FFS if separate capability signalling is needed or can be coupled with number of MIMO layers

E///: no need
=> this is proposed by intel but need time to discuss
	
	
	

	
	2-7
=> More discussion
	Number of UE TX ports
	
	
	
	
	
	
	
	
	FFS if separate capability signalling is needed or can be coupled with number of MIMO layers

E///: no need
=> this is proposed by intel but need time to discuss
	
	
	

	3. NR UE RF
	3-1
=> More discussion with 3-2
	Single switched UL transmission in EN-DC
	1) single switched UL transmission in EN-DC
	　
	Yes
	UE does not support single  switched UL
	Type 4
	No Need
	　Applicable only to FR1
	　
	For UEs without dynamic LTE-NR power sharing capability, the support of single UL operation (Operation A with Case 1 in Slide 5 of RP-1722833) is mandatory with capability signaling.
(Decision was made in RAN#78, RP-172833)
	RAN4
	Optional
	　

	
	3-2
=> Type needs to be discussed
	Dynamic transmission power sharing between NR and LTE in EN-DC
	1) dynamic transmission power sharing between NR and LTE in EN-DC
	　
	Yes
	Support of single UL operation (operation A with Case 1) is mandatory
	[Type 4]
	No Need
	　Applicable only to FR1
	　
	This feature is not mandatory in Rel.15. For UEs without this capability, the support of single UL operation (Operation A with Case 1 in Slide 5 of RP-1722833) is mandatory with capability signaling. 
(Decision was made in RAN#78, RP-172833).
	RAN 1/4
	Optional
	　

	
	3-3
=> More discussion
	Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective
 
	1) ~0us
2) <20us

=> what is “almost” 0us? 
	
	Yes
	UE does not support UL subcarrier alignment between LTE and NR for EN-DC with LTE-NR coexistence in UL
	Type 4
	No Need
	Applicable only to FR1
	
	
	RAN4
	Mandatory only for UE supports EN-DC with LTE-NR coexistence in UL
	

	
	3-4
=> More discussion with 3-3
	[Support of UL sharing from UE perspective]
	
	
	
	
	
	
	
	
	
	
	
	

	
	3-5
=> proposed by intel but discussion is postponed
	BWP switching delay
	
	
	
	
	
	
	
	
	Optional “BWP switching delay needed” capability with per band granularity
	
	
	

	
	3-6
=> proposed by intel but discussion is postponed
	Non-contiguous intra-band CA frequency span
	
	
	
	
	
	
	
	
	TBD
	
	
	

	
	3-7
=> proposed by intel but discussion is postponed
	PA calibration gap
	
	
	
	
	
	
	
	
	TBD
	
	
	



· RAN1 also had the agreements on UE feature list (R1-1801198). According to this list, RAN4 needs to have an discussion on the following parameters.
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (See R4-1712119)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN
	TSG-RAN decision

	
	x-x1
	64QAM modulation for FR2 PDSCH
	64QAM modulation for FR2 PDSCH
	
	Yes
	
	NA
	
	　Applicable only to FR2
	
	RAN4 will check 64QAM modulation for FR2

=> FFS: Mandatory without capability
	RAN4
	
	

	
	x-x2
	pi/2-BPSK for PUSCH
	pi/2-BPSK for PUSCH
	0-2
	Yes
	pi/2-BPSK for PUSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band, common for all bands or FR1/2 

QC, intel: per FR1/2
need time to check
	RAN4
	
	

	
	x-x3
	64QAM for PUSCH
	64QAM for PUSCH
	
	Yes
	64QAM for PUSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band or common for all bands 
need time to check
	RAN4
	
	

	
	x-x4
	256QAM for PDSCH
	256QAM for PDSCH
	
	Yes
	256QAM for PDSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band or common for all bands 

intel: per band for FR1, postpone for FR2
QC: per UE for FR1, for FR2 per band. optional for both FR1/2
E///: need operator view
need time to check

	RAN4
	
	

	
	x-x5
	256QAM for PUSCH
	256QAM for PUSCH
	
	Yes
	256QAM for PUSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band or common for all bands 

QC/intel: per band for FR1
intel: no need for FR2 in Rel.15
need time to check 

	RAN4
	
	

	
	x-x6
	Subcarrier spacings and FFT size in conjunction with supportable BW with normal CP
	1) 15kHz
2) 30 kHz
3) 60 kHz
4) 120 kHz
	
	Yes
	
	Type 4
[Type 3]
	
	
	
	It is up to RAN4 decision
Baseband processing (memory) in CA combination related as well as RF (SCS support is per band between sub6 and mmWave)

=> skipped since almost SCSs are mandatory except for 60kHz SCS. Mandating 60kHz SCS is now discussed in RAN4.

	RAN4
	
	

	
	x-x7
	Extended CP
	Extended CP
	0-10 (component 3; SCS60)
	Yes
	
	Type 4
	[No need]
	[No need]
	
	RAN4 to check

=> Need to check RAN1 intention

	RAN4
	
	

	
	
	pi/2-BPSK for PUCCH format 3/4
	pi/2-BPSK for PUCCH format 3/4
	0-2
	Yes
	pi/2-BPSK for PUCCH  format 3/4 is not possible
	Type 3
	
	
	
	RAN4 will discuss if it is per band, common for all bands, or FR1/2

QC, intel: per FR1/2
=> need time to check

	
	
	

	
	x-x8
	Non-contiguous UL CP-OFDM
	
	0-1
	Yes
	
	
	No
	
	
	It is up to RAN4 to decide

=> follow decision in UE RF session
	RAN4
	
	

	
	x-x9
	[1-symbol GP for 120KHz SCS in unpaired spectrum]
	1) Slot formats with 1-symbol GP(s) for 120KHz SCS in unpaired spectrum
	
	Yes
	
	Type 4
	Applicable only to TDD
	Applicable only to FR2
	
	RAN4 to check whether this feature is included in their list

intel: need time to check
=> need time to check

	RAN4
	
	

	
	
	DL MIMO layers (PDSCH MIMO layers)
	
	
	
	
	
	
	
	
	· Maximum number of MIMO layers shall be supported 
=> This is proposed by Intel but discussion is postponed.
	
	
	

	
	
	UL MIMO layers (PUSCH MIMO layers)
	
	
	
	
	
	
	
	
	· Maximum number of MIMO layers shall be supported
=> This is proposed by Intel but discussion is postponed.
	
	
	

	
	
	Basic DL NR-NR CA operation
	1) Up to16 DL carriers 
2) Same numerology across carrier for data/control channel [at a given time]

	
	Yes
	
	N.A.
	
	
	
	This is conditioned on the support of DL CA band combination(s). The band combination definition is up to RAN4.

=> need time to check
	
	
	

	
	
	Basic UL NR-NR CA operation
	1) Up to16 UL carriers 
2) Same numerology across carrier for data/control channel [at a given time]
3) One PUCCH group
4) Single TAG
	[6-4]
	Yes
	
	N.A.
	
	
	
	This is conditioned on the support of UL CA band combination(s). The band combination definition is up to RAN4.
=> need time to check
	
	
	

	
	
	7.5kHz UL raster shift
	7.5kHz UL raster shift
	
	Yes
	
	Type 2
	
	
	
	=> duplicated discussion between RAN1 and RAN4
	RAN4
	
	

	
	
	Supplemental uplink
	Initial access and RRC connected operation on SUL carrier (incl 7.5kHz configurable shift)
1) RACH, PUSCH, PUCCH, SRS operations in a band combination including SUL

	6-14
	Yes
	The UE will not be able to access or operate on a SUL carrier
UE will not be able to perform the RACH/PUSCH/PUCCH/SRS operation in a band combination including SUL
	Type 2 or 4
	
	
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.

=> need time to check
	
	
	

	
	
	Supplemental uplink with different numerology
	Numerology other than that of associated DL 
	6-15?
	Yes
	The UE will not be able to access or operate on a SUL carrier
	Type 2 or 4
	Need
Support not required for an FDD-only UE
	
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.

=> need time to check
	
	
	

	
	
	Supplemental uplink with dynamic switch
	DCI based selection of PUSCH carrier
	6-15, 6-16?
	Yes
	
	Type 2 or 4
	Need
Support not required for an FDD-only UE
	
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.

=> need time to check
	
	
	

	
	
	Simultaneous reception and transmission on different bands for each band combination
	
	
	
	
	Type 2
	Yes
	
	
	=> duplicated discussion between RAN1 and RAN4
	
	
	




Email discussion for RAN4 #86 meeting (Feb.)
· ASN.1 for NSA will be frozen in Mar. 2018, the specification related to capability signaling should be finalized in RAN4 #86 and RAN2 #101 in Feb.
· RAN2 needs time to implement the required capability signaling in Feb. meeting. Hence, RAN4 needs to inform RAN2 of what type of capability signaling is needed as soon as possible.
· As Mr. RAN4 chairman suggested, therefore, we would like to focus on capability issue in this email discussion. (Optional or Mandatory can be discussed by the next RAN #79 meeting)
· Please describe your view on each feature by 2/8 Thu CET 23:59. Please focus on the issue of capability signaling (e.g. type). 
· After that, I will summarize company’s views and submit possible way forward by 2/13Tue at latest. 


1. 60kHz of subcarrier spacing for FR1
	2-1
=>Follow WF
	60kHz of subcarrier spacing for FR1
	1) whether UE supports 60kHz of subcarrier spacing for data channel in FR1
	
	Yes
	UE does not support 60kHz of subcarrier spacing for data channel
	Type 2
	No Need
	Applicable only to FR1
	
	
	RAN4
	Optional
	　



· Related to this, RAN4 received LS from RAN2 (R4-1801290)
· Please provide your view on the following questions together with the capability of 60kHz SCS
· Q1. RAN2 understands that SCS support is separate for UL and DL and is dependent on the operating RF band, so does RAN4/1 view that the baseband processing capabilities in the BPC table depend on SCS used? If so, RAN2 has further questions as below:
· Q1.1: Does RAN4 see a need to signal the SCS capability per CC in the BPC?
· Q1.2: Does RAN4 see a need to signal the SCS capability separately for UL and DL in the BPC? 
· Q2. What should be value ranges for supportedBW-PerCC which is reported per CC in BPC?


· Company’s views:
	Company AMediaTek
	ViewType 4 (per UE), if optional

	NTT DOCOMOCompany B
	As agreed in the past RAN4 meeting, all SCSs except for FR1 60kHz SCS are mandatory. Therefore, in principle only capability of FR1 60kHz SCS needs to be signaled.
Per UE signaling (type 4) is preferred for this parameter. 
We don’t have strong opinion whether FR1 60kH SCS is mandatory or not. But if it will be mandatory, “mandatory with capability signaling” can be considered to minimize the impact on UE capability signaling. 

	2-1
	60kHz of subcarrier spacing for FR1
	1) whether UE supports 60kHz of subcarrier spacing for data channel in FR1
	
	Yes
	UE does not support 60kHz of subcarrier spacing for data channel in FR1
	Type 2
Type 4
	No Need
	Applicable only to FR1
	
	
	RAN4
	Optional or mandatory with capability signaling
	　


 View

	…Nokia
	If it is not sure that all Rel-15 UEs support 60 kHz SCS for FR1, it is critical for the network to know if the UE supports 60 kHz SCS. Thus, this UE capability signaling indication is needed to enable the use of 60kHz SCS for FR1 for the UEs that support it. 

	Sprint
	We agree with Nokia.

	ZTE
	Whether or not a UE can support 60k SCS should be signaled to gNB.

	Huawei
	It is required from forward compatibility perspective, as discussed in R4-1800469. So we propose it to be mandatory. As such, it can be removed from this list.

	Dish
	Signaling for 60 kHz should be enabled.

	Vodafone
	Add 60 kHz support to FGI with TBD activation date

	Intel
	In case 60kHz SCS for FR1 is defined as optional feature, then to ensure forward compatibility per-UE / per-FR signalling of the set of supported SCS needs to be introduced (UE may always report mandatory SCS). Capability should be renamed to the “Supported SCS”. In case 60kHz is mandatory, no additional per-UE signalling is needed.
It is recommended to introduce unified capability signalling framework for SCS related capabilities including set of supported SCS and SCS CA capabilities (question #8)
Answers to Question #1, #2 from RAN2 LS (R4-1801290) can be discussed as a part of Question #5

	Ericsson
	Optional with capability

	Qualcomm
	Optional per UE as agreed in RAN4. Capability signaling is needed.




2. Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports
	2-2
=> further discussion on LS from RAN2 received during this meeting
	Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports
	1) FR1 channel bandwidths in TS38.101-1 Table 5.3.5-1
2) FR2 channel bandwidths in TS38.101-2 Table 5.3.5-1

	
	Yes
	For FR1, all the bandwidths listed in TS38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC
For FR2, UE does not support some UE channel bandwidths
	Type 1
	No Need
	　No Need
	
	Decision was made in RP-172832 
RAN4 will discuss UE mandatory channel bandwidth for FR2

	RAN2/4
	Optional
	　



· For this, RAN4 received LS and questions from RAN2 (R4-1801290)
· Q2. What should be value ranges for supportedBW-PerCC which is reported per CC in BPC?
· 
· Q3. How does RAN4 intend to define the carrier bandwidth and the number of aggregated intra-frequency carriers? Is that supposed to be done by the bandwidth class (as in LTE) or by other means?
· Q4. What is the relationship between the carrier bandwidth of aggregated carriers and the maximum channel bandwidth supported by the UE?
· Related above, capability signaling for basic CA operation should be discussed, e.g. CA bandwidth class 
· RAN4 had the agreed WF on CA bandwidth class (R4-1801204).
· Please provide your view on how to signal basic CA capability for NR

· Company’s views:
	Company AMediaTek
	ViewType 1. Signal per-band max (aggregated) BW for both DL and UL, given the number of CCs. 

	NTT DOCOMOCompany B
	First of all, we need to consider single carrier operation and CA operation separately.

For single carrier operation:
For LTE, all CBWs defined in RAN4 spec are mandatory for single carrier operation. For NR in FR1, all CBWs in the current spec 38.101-1 are mandatory similar to LTE (RP-172832). Therefore, there is no need to signal CBW capability for FR1.  But for NR in FR2, RAN4 will discuss UE mandatory CBW, and it may be lower than 400MHz. Hence, maximum CBW supported by UE needs to be signaled in each band for DL and UL separately and for each SCS. So, we propose to modify the above agreements as follows. Note that RAN4 agreed that all SCSs applicable to FR2 (60kHz, 120kHz) are mandatory in Rel.15.

	2-2
	Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports for FR2 in single carrier mode
	1) FR1 channel bandwidths in TS38.101-1 Table 5.3.5-1
2) FR2 channel bandwidths in TS38.101-2 Table 5.3.5-1

	
	Yes
	For FR1, all the bandwidths listed in TS38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC
For FR2, UE does not support some UE channel bandwidths in single carrier operation
	Type 1
	No Need
	　No Need Applicable only to FR2
	
	Decision was made in RP-172832 
RAN4 will discuss UE mandatory channel bandwidth for FR2
	RAN2/4
	Optional
	　




For CA operation:
RAN4 will discuss CBW capability in CA mode, e.g. CA bandwidth class, non-contiguous intra-band CA frequency span, etc. 
It would be challenging to decide it in this email discussion, so it should be discussed and decided at early time of the next meeting.

But regarding CA bandwidth class, two methods were identified at the last RAN4 meeting (R4-1801204).

1) Denoting CA configuration by aggregated BW and maximum number of CCs
2) Denoting traditional approach but with more flexibility

At the past RAN4 meeting, RAN4 already agreed to introduce CA bandwidth class “A” and “C” (detail is FFS), which is like the method 2. 
According to this agreement, RAN2 agreed to introduce “type 2” UE capability defined as follows (R4-1712119).

Type 2: Layer-1 features that influence baseband processing when UE is configured with NR CA/MR-DC/SUL
-They are reported in the baseband capability combination signaling.
 
Type 2 UE capability will be signaled per combination of CA bandwidth classes, e.g. per “C+A”, “A+A” for 2CC case.
So, if RAN4 introduce the method 1 at this stage, RAN2 needs to reconsider the definition of type 2 UE capability. Also, RAN1 already agreed some UE capabilities of type 2.
Considering above and the timeline of ASN.1 frozen in March, the method 2 (traditional approach) may be reasonable.
View

	…Nokia
	Following the RAN#78 agreement in RP-172832 this UE capability signaling is not necessary for FR1 in Rel-15 as the UE needs to support all the currently defined channel bandwidth for a given frequency band. Unless RAN4 agrees that all the channel BWs should be supported for FR2 as well, we see that it is critical to define UE capability signaling

	Sprint
	[bookmark: _GoBack]Even though all bandwidths are currently mandatory for FR1, Because of the endorsed way forward. Maximum channel bandwidths still need to be signaled  From the endorsed way forward in RP-17-2832:
· RAN2 should introduce the signaling support for channel bandwidths as following:
· Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports
· UE shall support any Rel-15 channel bandwidth as defined in 38.101-1 v15.0.0 that is smaller than its UE supported maximum channel bandwidth
· RAN2 shall consider that new maximum channel bandwidths could be added in the future and signaling should be forward compatible
· RAN2 should consider that new channel bandwidths(lower than maximum defined for the band) could be added in the future and signaling should be forward compatible

What is not clear to Sprint is how the signaling can be forward compatible with new channel bandwidths being added in the future. We believe that NR should follow the LTE precedent where new bandwidths cannot be added to existing bands. If new bandwidths are needed a new band needs to be created. 

	ZTE
	Not sure whether or not the traditional approach can provide enough flexibility required in NR. 

	Huawei
	Need to decide for FR2 for single carrier mode.
We can continue to discuss based on the WF R4-1801204 for CA and need to reply to RAN2 . 

	Dish
	Agree with Sprint that signaling is needed for Max CH BWs in UL and DL, unless WF for RAN2 is changed. Signalling max BWs allow adding higher CH BWs in future if needed. 

	Orange
	Same view as Sprint & Dish. Signaling is needed for forward compatibility to have new CBWs in the future. 

	Vodafone
	Signalling not required for FR1 in REL-15.

	OPPO
	Signaling for FR1 is not needed. For FR2, it depends on the mandatory BW discussion. FR1 forward compatible related signaling can be introduced later when new bands or BWs are introduced, now there is no need for such signaling.

	Intel
	In accordance to RAN agreements in RP-172832, RAN2 is already asked to define signalling for maximum channel BW supported in each band (separately for DL and UL and for each SCS). Per agreements, the capabilities signalling shall be defined to ensure forward compatibility (new CBW could be optional). No additional signalling for max channel BW on top of existing agreements is needed. Meantime, RAN4 should further discuss the set of mandatory max CBW for FR2.
CA capability signalling for NR should be discussed jointly with BW class during RAN4 #86.
RAN4 reply to RAN2 LS (R4-1801290) Q3 and Q4 can be discussed during RAN4 #86 since it depends on the BW Class definition.

	LGE
	Not necessary UE signaling in FR1 in rel-15. Need capability signaling to declare Max. UE CBW at FR2.
For CA, RAN4 need further discussion.

	Ericsson
	No need of capability in FR1 if it’s mandatory. Capability signaling for FR2. Supported UE channel bandwidth is signaled in BPC.

	Qualcomm
	Signaling per band as agreed in RAN.




3. Simultaneous reception of data and SS block with different numerologies
	2-3
=> More discussion
	Simultaneous reception of data and SS block with different numerologies 
	1) Whether UE supports simultaneous reception of data and SS block with different numerologies 
	　
	Yes
	UE does not support simultaneous reception of data and SS block with different numerologies 
	[Type 2]
	No Need
	　No Need
	
	
	RAN4
	Optional
	　



· Company’s views:
	Company AMediaTek
	ViewType 4 (Per-UE)

	NTT DOCOMOCompany B
	For intra-band CA and single carrier operations, RAN4 made the agreements in RRM room (R4-1801088).
For example, for intra-band CA, the following agreements were made. So, the UE without this capability cannot receive any data in any resources in the same band as the SSB within the duration for intra-freq. measurement. 
· In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement for intra-band CA without UE capability on simultaneous reception of SSB and data with mixed numerologies,
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol(s) before each consecutive SSB symbols and [1] symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements if the SSB to be measured has different SCS from that for serving cell data and useServingCellTimingForSync is enabled
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration for any one of intra-frequency measurements if the SSB to be measured has different SCS from that for serving cell data and useServingCellTimingForSync is not enabled

It is unclear for inter-band CA with different numerologies, but in our view such constraint may not be needed. 

Considering above, UE capability would be the same between the combinations of CA bandwidth classes, e.g. between “C+A” and “A+A”.
So, not type 2 but per UE signaling (type 4) with FR1/FR2 differentiation is preferred for this feature.

	2-3
	Simultaneous reception of data and SS block with different numerologies 
	1) Smultaneous reception of data and SS block with different numerologies 
	　
	Yes
	UE does not support simultaneous reception of data and SS block with different numerologies 
	[Type 2]
Type 4
	No Need
	No need　
Yes
	
	
	RAN4
	Optional
	　



View

	…Nokia
	While simultaneous reception of data and SS block with different numerologies would be desirable UE behavior to optimize system performance and e.g. enable intra-frequency neighbor cell identifications and measurements without gaps, there are no such enhanced UE requirements currently defined. We see that without these enhanced UE requirements this optional UE capability does not provide real gains in Rel-15 and this UE capability signaling information cannot really be sufficiently utilized by the network. These enhanced UE minimum requirements could and probably should be defined in later phase to allow better system performance. At that point new UE capability signaling can also be introduced.

	ZTE
	Should be per UE capability.

	Huawei
	First of all, we need to understand the applicable scope of this capability. Our view is it should apply to intra-frequency only including both intra-cell and inter-cell SSB reception. It should not apply to inter-frequency case. Perhaps the name can be changed to “simultaneous reception of data and SS block with different numerologies when UE conducts the serving cell measurement or intra-frequency measurement”. 
 
This capability should be separated for FR1 and FR2. For FR2, UE is supposed to be able to receive SSB and data in the same beam.

Type 4 may be ok, but we can also consider Type 2 as it may relate to UE baseband processing capability.

	Intel
	Type 4 (Per-UE) optional capability is preferred.
In accordance to the recent agreements for FR1 TX/RX interruption needed in case UE cannot support simultaneous reception of data and SSB:
In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:
For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and [1] symbol after each consecutive SSB symbols within SMTC window duration if useServingCellTimingForSync is enabled
For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled
Meantime, FR2 will always have interruption since UE applies RX beam sweeping (i.e. simultaneous reception of data and SSB not supported). So, capability is needed for FR1 only.
Agree with Huawei that clarifications on feature scope are needed.

	LGE
	Support as UE capability per UE

	Ericsson
	Optional as per UE capability

	Qualcomm
	From our point of view this could be made mandatory but RAN4 already agreed it should be optional. Should be per band can be per FR since different numerologies will be supported for different bands in the future.




4. Simultaneous reception and transmission for inter band CA or EN-DC (TDD-TDD or TDD-FDD)
	2-4
=> Follow LS to RAN2
	Simultaneous reception and transmission for inter band CA or EN-DC (TDD-TDD or TDD-FDD)
	1) Simultaneous reception and transmission for inter CA or EN-DC (TDD-TDD or TDD-FDD)
	　
	Yes
	UE does not support simultaneous reception and transmission for inter CA or EN-DC (TDD-TDD or TDD-FDD)
	Type 3
	No Need
	　No Need
	　
	　For band combination within FR1 (or FR2) bands
Per band combination signaling
	RAN4
	Optional
	　



-  RAN4 discussed the LS to RAN2 in RAN4 Jan Ad-hoc (R4-1800600)

· Company’s views:
	Company AMediatek
	ViewType 3 (per band combination)

	NTT DOCOMOCompany B
	Whether simultaneous reception and transmission is possible or not is up to CA or EN-DC band combination. 
But “per band combination signaling” such as MIMO capability in LTE cannot be categorized to any type (1-4).
We consider that this feature should be per band combination granularity from RAN4 perspective, and the detail of the capability design is up to RAN2.

	2-4
	Simultaneous reception and transmission for inter band CA or EN-DC (TDD-TDD or TDD-FDD)
	1) Simultaneous reception and transmission for inter CA or EN-DC (TDD-TDD or TDD-FDD)
	　
	Yes
	UE does not support simultaneous reception and transmission for inter CA or EN-DC (TDD-TDD or TDD-FDD)
	Type 3
Per band combination signaling from RAN4 perspective
	No Need
	　No Need
	　
	　For band combination within FR1 (or FR2) bands
Per band combination signaling
The detail of capability signaling is up to RAN2
	RAN4
	Optional
TBD
	　


 
View

	Nokia…
	Like proposed in the LS R4-1800600 simultaneous Rx/Tx simultaneous RxTx aggregations involving NR carriers should be mandatory for UE. For instance, SUL operations and gains assume simultaneous Rx/Tx support.

	Ericsson
	Simultaneous TX/RX should be the default mode of operation for inter-band CA or EN-DC and preferably mandatory for the UE. Optionality, if any, only for certain band combinations.

	Sprint
	We agree with Nokia and Ericsson

	ZTE
	Per band combo

	Huawei
	To avoid the performance loss, we would like to mandate the support of simultaneous transmission and reception as much as possible. But considering that there will be some challenging band combinations, we can consider allowing some exceptions for such band combinations. So we propose to keep this capability for some challenging band combinations, but set the default value as “support of simultaneous reception and transmission”. For the challenging bands, RAN4 can explicitly list them and in RAN2 signaling only those bands are allowed to report not to support simultaneous reception and transmission.

Type: Type 3 (Define capability signaling per band combinations)

No need to differentiate FR1 and FR2. No need to differentiate FDD and TDD.


	Orange
	Same view as Nokia and Ericsson. The baseline should be mandatory support of simultaneous Tx and Rx.

	Vodafone
	Similar views as Huawei

	OPPO
	Simultaneous reception and transmission can be the default with certain band combinations as exceptions, but need to make it clear which band combinations are the exceptions.

	Intel
	Type 3 (“Per Band Combination signaling”) capability signalling granularity is proposed. In case of using per-UE granularity there is high risk that feature could be disabled for all BCs even if restrictions apply for a small subset of BCs. 
Optional capability
Capability shall be applicable to generic CA scenarios including FR1+FR1, LTE+NR FR1, FR2+FR2.

	LGE
	Should be per band combination as capability for TDD-TDD. 

	Qualcomm
	Capability per band combination. The amount of filter rejection that can be obtained depends on band combinations.




5. Mixed numerologies for CA
	2-5
=> Follow WF

	Mixed numerologies for CA
	1) Support simultaneous reception or transmission with different numerologies in CA
	
	
	
	
	
	
	
	TBD
	
	
	



· RAN4 had the agreements on this in Jan. ad-hoc (in the minutes for main session)
· Please provide your view on the following options
· Signalling of SCS for CA:
· Option 1: Signaling of SCS per CC in BPC/BPC entry(baseband processing capabilities)
· Option 2: Signaling of SCS per BC
· Option 3: Signaling of SCS per UE: report UE capability on mixed numerology for CA per UE regardless of BC
· Option 4: Signaling of SCS per Band
· Companies are encouraged to provide further analysis for the down selection for signaling of SCS based on the above 4 options.

In one CC: sync-to-data mix-numerology 

· Company’s views:
	MediatekCompany A
	View Type 2 and Option 1. (baseband capability), given the CA band combination is signaled separately
Mix numerology is not supported in Intra-band CA.

	NTT DOCOMOCompany B
	Per UE signaling (type 4) with FR1/FR2 differentiation is preferred for this feature (i.e. Option 3).

	2-5

	Mixed numerologies for CA
	1) Support simultaneous reception or transmission with different numerologies in CA
	
	
	
	Type 4
	
	Yes
	
	TBD
	
	
	



 View

	…Nokia
	Mixed numerologies for inter-band CA should be mandatory. For example, NR CA among FR1 and FR2 is anyway need the mixed numerology. For intra-band CA, the feature should be optional in UE capability.

	Ericsson
	Mixed numerology for inter-band CA mandatory. For intra-band as per UE capability.

	Sprint
	Mixed Numerology for inter-band and intra-band CA should be mandatory for UEs that support CA. Mixed numerology should also be mandatory for inter-band and intra-band EN-DC.

	ZTE
	Per UE capability, and should be manatory for inter-band CA.

	Huawei
	We propose to change the name to “mixed numerologies for intra-band contiguous CA that UE supports for UL and DL separately” because for inter-band CA, a reasonable UE implementation should support different numerologies.

Type: Type-2 per BPC.



	Dish
	Mixed numerology for inter-band CA should be mandatory. For intra-band CA, per UE capability.

	Orange
	Mandatory mixed numerology for inter-band CA

	Intel
	SCS capability also has impact on the baseband processing (memory) and depends on number of CCs. In addition, support of mixed numerologies may depend on CA combination (e.g. not supported for intra-band CA). Capability signalling shall resolve both Baseband and RF constraints:
· Baseband: Signaling of SCS per CC in BPC (baseband processing capabilities)
· RF: per-BC signalling of mixed numerologies support needed. Details FFS.
Also separate signalling for DL and UL SCS CA support is needed.
Overall support of multiple numerologies for inter-band CA is feasible, however, “mandatory” term is ambiguous. In order to balance implementation complexity the BB capabilities (# of layers, BW) could be different for different SCS. UE is expected to report different capabilities depending on SCS combinations and it is up to gNB to assign particular resources (SCS).

Answers to questions to RAN2 LS R4-1801290
Q1.1: Does RAN4 see a need to signal the SCS capability per CC in the BPC?
Yes. SCS capability has impact on the baseband processing (memory) and depends on CA combination.
Q1.2: Does RAN4 see a need to signal the SCS capability separately for UL and DL in the BPC? 
Yes. DL and UL SCS shall be reported separately. SCS capability depends on CA and number of CCs can be different for DL/UL.
Q2. What should be value ranges for supportedBW-PerCC which is reported per CC in BPC?
supportedBW-PerCC shall have CBW granularity to allow sufficient BPC flexibility

	LGE
	For intra-band CA, different numerology should be supported as UE capability.
For inter-band CA within FR1, can be supported as UE capability
For inter-band CA among FR1 and FR2 is mandatory supported

	Qualcomm
	Should be part of the overall CA capability framework, no need for separate discussion.




6. Number of Rx/Tx ports
	2-6
=> More discussion
	Number of UE RX ports
	
	
	
	
	
	
	
	
	FR1: UE supports 2 or 4 RX chains [RP-172788].
FR2: Number of transceiver chains for FR2 is FFS
FFS if separate capability signalling is needed or can be coupled with number of MIMO layers

E///: no need
=> this is proposed by intel but need time to discuss
	
	
	

	2-7
=> More discussion
	Number of UE TX ports
	
	
	
	
	
	
	
	
	FFS if separate capability signalling is needed or can be coupled with number of MIMO layers

E///: no need
=> this is proposed by intel but need time to discuss
	
	
	



· Company’s views:
	Company AMediatek
	ViewThese features are not needed. MIMO layer reporting is already sufficient.

	NTT DOCOMOCompany B
	In RRM room, there were some discussions for the capability signaling of UE Rx/Tx antenna ports.
This is based on the agreements in RAN#78 as follows (RP-172788).
· For NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline
· Applicability to other NR bands is FFS
· For certain UE types/categories, some exceptions to this requirement may be applicable in future
· RRC signalling and ASN.1 coding shall be defined in Release 15 such that supported number of UE Rx antenna ports is indicated from UE to the eNB/gNB.
· “4” shall be the lowest value that is allowed to be indicated.
· The coding shall enable flexibility such that a lower number than 4 could be indicated in the future for the UE types/categories mentioned above as exceptions. 
But in our understanding 4Rx ports here means 4MIMO layers.
Introduction of this capability on top of MIMO capability may allow 4Rx ports with capability of 2 MIMO layers in above bands, and we are not sure if this is aligned with the intention of above RAN agreements.
Hence, we don’t see any reason to signal this feature on top of MIMO capability at this moment.
View

	Nokia…
	Unclear if these are needed separately (in addition to MIMO related signaling

	Ericsson
	No need, follows from MIMO capability

	ZTE
	Redundant to MIMO layer reporting.

	Huawei
	It should be type 1
Here the RX ports is an RF capability. As agreed in RP-172788, UE needs to support 4RX for some bands.
For both TX/RX ports, we should differentiate FR1 and FR2 for it, because the RF architectures for FR1 and FR2 are different and the Rx port number supported will be different.

	Intel
	Number of MIMO layers does not completely represent information on the number of Rx/Tx ports. For example, implementations with 4RX and 2 MIMO layers are possible. Therefore, to improve transparency, number of Rx/TX ports can be defined as a separate RAN4 feature.
· Number of Rx ports
· FR1: Based on RAN agreements UE needs to support 2 or 4RX ports (RP-172788)
· FR2: Number of RX ports was not discussed so far. It is recommended to allow sufficient flexibility for Rel-15 device implementation and introduce support of UEs with 1 and 2 RX ports (digital ports).
· Number of Tx ports:
· FR1: Support of > 1 port can be considered as optional capability
· FR2: Similar to number of RX ports, both 1 and 2 Tx ports UEs are recommended to be introduced 
RAN4 should further discuss capability signalling. In accordance to RP-172788, number of RX ports shall be included as a part of UE capabilities signalling. However, information on the number of Tx/Rx ports is actually not required for gNB scheduler and hence number of Tx/Rx ports could be left up to UE declaration. 

	LGE
	These features need further discussion. Need to clarify how to support different UE type such as 2Rx at n78.
In Tx port, not necessary due to MIMO capability.

	Qualcomm
	Not needed, MIMO layer reporting is enough.




7. Single switched UL and dynamic power sharing
	3-1
=> More discussion with 3-2
	Single switched UL transmission in EN-DC
	1) single switched UL transmission in EN-DC
	　
	Yes
	UE does not support single  switched UL
	Type 4
	No Need
	　Applicable only to FR1
	　
	For UEs without dynamic LTE-NR power sharing capability, the support of single UL operation (Operation A with Case 1 in Slide 5 of RP-1722833) is mandatory with capability signaling.
(Decision was made in RAN#78, RP-172833)
	RAN4
	Optional
	　

	3-2
=> Type needs to be discussed
	Dynamic transmission power sharing between NR and LTE in EN-DC
	1) dynamic transmission power sharing between NR and LTE in EN-DC
	　
	Yes
	Support of single UL operation (operation A with Case 1) is mandatory
	[Type 4]
	No Need
	　Applicable only to FR1
	　
	This feature is not mandatory in Rel.15. For UEs without this capability, the support of single UL operation (Operation A with Case 1 in Slide 5 of RP-1722833) is mandatory with capability signaling. 
(Decision was made in RAN#78, RP-172833).
	RAN 1/4
	Optional
	　



· RAN2 already made some agreements on the capability signaling for those features.
· Therefore we would like to skip those parameters in this email discussion.


8. Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective

	3-3
=> More discussion
	Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective
 
	1) ~0us
2) <20us

=> what is “almost” 0us? 
	
	Yes
	UE does not support UL subcarrier alignment between LTE and NR for EN-DC with LTE-NR coexistence in UL
	Type 4
	No Need
	Applicable only to FR1
	
	
	RAN4
	Mandatory only for UE supports EN-DC with LTE-NR coexistence in UL
	

	3-4
=> More discussion with 3-3
	[Support of UL sharing from UE perspective]
	
	
	
	
	
	
	
	
	
	
	
	




· Company’s views:
	Company AMediatek
	ViewType 4 (per UE).


	Company BNokia
	3-4 [Support of UL sharing from UE perspective]
As discussed earlier and agreed in RAN#77 already, the frozen December NSA specification version does not include UL sharing from the UE perspective. Thus, it can be expected that there may be UEs without support for UL sharing from the UE perspective even if the given UE support SUL and EN-DC band combination including SUL band. Therefore, in order to make it possible to allow UL sharing from the UE perspective for Rel-15 NSA UEs in later phase, it is necessary to define UE capability signaling indication for the support of UL sharing from the UE perspective. Therefore, square brackets should be removed from this signaling indication as there is no other signaling that would have the same meaning.
View

	ZTE…
	Only UL sharing from network perspective is supported in December drop. The support of UL sharing from UE perspective should be optional and a capability to be reported.

	Huawei
	No need for 3-4 because UE should be mandatory to be able to support of UL sharing from UE perspective in EN-DC band combinations with SUL bands where UL sharing is possible. Otherwise, it will limit the flexibility of network deployment and operator will get degraded performance and forward compatibility issue. One reason is UL sharing from network perspective requires operators to have at least three carriers for EN-DC. If UE can support 7.5KHz uplink raster shift and EN-DC, there is no extra complexity to support uplink sharing from UE perspective.

	Intel
	Per-BC signalling preferred for switching time between LTE UL and NR UL for EN-DC. 

	LGE
	Need only 3-3 capability. (Type 4)

	Qualcomm
	Capability bit is needed for both. 3-4 is not supported in December drop so a capability is needed



9. BWP switching delay
	3-5
=> proposed by intel but discussion is postponed
	BWP switching delay
	
	
	
	
	
	
	
	
	Optional “BWP switching delay needed” capability with per band granularity
	
	
	



· Company’s views:
	Company AMediatek
	ViewPending on RAN4 discussion on the switching delay, although we believe this feature is not needed.
RAN4 should strive to achieve a single value per FR. 

	NTT DOCOMOCompany B
	RAN4 needs to clarify whether capability for this feature is needed or not.
This aspect should be added to the open issues listed in R4-1801323.
View

	…Nokia
	In our view UE minimum requirements will handle this and no separate UE capability signaling is needed. The UEs will need to follow the minimum requirements. The network can then rely on UE minimum requirements.

	ZTE
	Still it is not clear whether or not this feature should be introduced or not.

	Huawei
	Whether to keep it or not depends on the discussion on the BWP switching delay. There may be no need for this capability.

	Intel
	At current stage it is FFS whether a single BWP switching delay could be applicable to all UEs. In case there is a single value, capability signalling may not be needed. Suggest to postpone discussion to RAN4 86.

	LGE
	This issue will be inform to RAN1 not to specify RAN4 additional RF requirements for BWP switching delay. Hence Not necessary the UE capability.

	Ericsson
	No capability signaling is needed as network doesn’t benefit of such information.

	Qualcomm
	Should be discussed during next meeting after the requirement is defined




10. Non-contiguous intra-band CA frequency span
	3-6
=> proposed by intel but discussion is postponed
	Non-contiguous intra-band CA frequency span
	
	
	
	
	
	
	
	
	TBD
	
	
	



· Company’s views:
	Company AMediatek
	ViewType 4 for FR2 only. Detail spans and number of states/BW are pending on RAN4 discussion

	NTT DOCOMOCompany B
	From capability signaling perspective, it is important to decide the followings:
- whether frequency span is specified together with CA bandwidth class 
or 
- whether additional capability for the frequency span on top of CA bandwidth class is needed

We generally agree with the former approach (proposed by intel at the last meeting in R4-1800162).
Non-contiguous intra-band CA frequency span should be specified together with CA bandwidth class.
If we agree above, the detail of the CA bandwidth class can be further discussed in future RAN4 meetings without an impact on capability signaling.  
View

	Huawei…
	This should be for RF2 only.

More technique discussion is still needed following the agreed LS R4-1711623. The idea in the LS is to inform the network of a span and if the inter-distance between CC-es are within this span UE can support NC CA, otherwise UE cannot. There are several issues to be discussed further such as the size of the span and the UE architecture. 

	Intel
	The feature is applicable to FR2 only.
Feature should be differentiated between DL and UL CA
· DL intra-band non-contiguous CA: Define the “maximum DL frequency span” supported by the UE for an intra-band non-contiguous CA combination with “per-BoBC” granularity applicable only to non-contiguous intra-band combinations; the possible values for this capability are {800, 1200} MHz
UL intra-band non-contiguous CA not supported in Rel-15 and no capability signalling needed

	LGE
	In FR2, need to support the span between CCs as UE capability. Need further discussion for detail

	Ericsson
	Agree with DCM it should be part of the CA bandwidth class discussion so prefer not to have separate discussion.

	Qualcomm
	Capability should be per band, UEs might support different bandwidths in different bands. Needed only for FR2.




11. PA calibration gap
	3-7
=> proposed by intel but discussion is postponed
	PA calibration gap
	
	
	
	
	
	
	
	
	TBD
	
	
	



· Company’s views:
	Company AMediatek
	ViewType 4 for FR2 only. Detail signaling/procedure should be further studied in RAN4. 

	NTT DOCOMOCompany B
	The benefit of this feature should be further analyzed. Hence, at this moment, there is no need to introduced this capability. View

	…Nokia
	We see that UE PA calibration issues should be handled by the minimum requirements rather than complicating the system with UE capability for separate PA calibration gaps.

	Ericsson
	Further studies on PA calibration gaps needed before any discussion of capability indication.

	ZTE
	Not clear whether or not to introduce this capability.

	Huawei
	The discussion of PCG is still on-going in RAN4. It is suggest this capability will be discussed later when RAN4 views are clear.

It should be applied for FR2 only, i.e., PA calibration gap for FR2.

	Vodafone
	Similar views as NTT DCM and Ericsson

	LGE
	Not clear, this issue depend on UE implementation.

	Intel
	RAN4 agreed to introduce PA calibration gap for FR2. The gap parameters are under discussion. It is FFS whether gap parameters will be unified or additional signalling is needed. Suggest to postpone discussion to RAN4 86.

	Qualcomm
	Should be discussed after the gap detail/requirements are finalized




12. 64QAM modulation for FR2 PDSCH
	x-x1
	64QAM modulation for FR2 PDSCH
	64QAM modulation for FR2 PDSCH
	
	Yes
	
	NA
	
	　Applicable only to FR2
	
	RAN4 will check 64QAM modulation for FR2

=> FFS: Mandatory without capability
	RAN4
	
	



· Company’s views:
	Company AMediatek
	ViewOK be mandatory. If needed, Type 4.

	NTT DOCOMOCompany B
	64QAM should be mandatory without capability for both FR1 and FR2 similar to LTE.
No need to introduce this capability.

	x-x1
	64QAM modulation for FR2 PDSCH
	64QAM modulation for FR2 PDSCH
	
	Yes
	
	NA
	
	　Applicable only to FR2
	
	RAN4 will check 64QAM modulation for FR2

=> FFS: Mandatory without capability
	RAN4
	Mandatory without capability
	



View

	…Nokia
	In Rel-15 and corresponding use cases and UE types, this should be mandatory without capability signaling. If later on lower cost UE categories are defined e.g. for mIoT, then capability signaling can be discussed.

	ZTE
	Mandatory for FR2.

	Huawei
	64QAM for FR2 PDSCH should be supported as mandatory feature to achieve the expected peak data rate. The performance gain of 64QAM is achievable for FR2.


	CMCC
	64QAM should be mandatory for both FR1 and FR2

	Orange
	Mandatory for FR2

	Vodafone
	Mandatory

	Intel
	Per-band capability signalling is preferred to avoid possible issues with further FR2 extension to higher frequency bands (Type 1)

	Ericsson
	Mandatory for FR2 and no capability is needed.

	Qualcomm
	Should be mandatory, no need for any capability




13. pi/2-BPSK for PUSCH
	x-x2
	pi/2-BPSK for PUSCH
	pi/2-BPSK for PUSCH
	0-2
	Yes
	pi/2-BPSK for PUSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band, common for all bands or FR1/2 

QC, intel: per FR1/2
need time to check
	RAN4
	
	



· Company’s views:
	Company AMediatek
	View OK be mandatory in FR2. If needed, Type 4 (per FR). 

	NTT DOCOMOCompany B
	No strong view but can be optional.
Per UE granularity (type 4) with FR1/FR2 differentiation is preferred.

	x-x2
	pi/2-BPSK for PUSCH
	pi/2-BPSK for PUSCH
	0-2
	Yes
	pi/2-BPSK for PUSCH is not possible
	[Type 3]
Type 4
	
	Yes
	
	RAN4 will discuss if it is per band, common for all bands or FR1/2 

QC, intel: per FR1/2
need time to check
	RAN4
	
	



View

	…Nokia
	Per band indication should be avoided. Preferably this should be mandatory for all UEs but if not supported by all UEs, then either common for all band or FR1/FR2

	ZTE
	Optional, per UE basis.

	Huawei
	We prefer Type 1, i.e., per band capability

	Intel
	Shall be defined as Optional feature. Per FR1/FR2 capability signalling is preferred. 
Also suggest to split into 2 sub-features: 1) Pulse-shaped pi/2 BPSK and 2) Non pulse-shaped pi/2 BPSK. 

	Ericsson
	Optional as per band capability

	Qualcomm
	We prefer optional with capability, separate FR1/FR2




14. 64QAM for PUSCH
	x-x3
	64QAM for PUSCH
	64QAM for PUSCH
	
	Yes
	64QAM for PUSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band or common for all bands 
need time to check
	RAN4
	
	



· Company’s views:
	Company AMediatek
	View OK be mandatory. If needed, Type 4.

	NTT DOCOMOCompany B
	This feature should be mandatory without capability for both FR1 and FR2.
No need to introduce this capability.


	x-x3
	64QAM for PUSCH
	64QAM for PUSCH
	
	Yes
	64QAM for PUSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band or common for all bands 
need time to check
	RAN4
	Mandatory without capability
	
	



View

	…Nokia
	In Rel-15 and corresponding use cases and UE types, this should be mandatory without capability signaling. If later on lower cost UE categories are defined e.g. for mIoT, then capability signaling can be discussed.

	ZTE
	Manatory, no capability signaling is needed.

	Huawei
	It should be mandatory.

	Dish
	Mandatory for FR1

	CMCC
	64QAM should be mandatory for both FR1 and FR2

	Orange
	Mandatory for both FR1 and FR2

	Sprint
	Should be mandatory for both FR1 and FR2

	Vodafone
	Mandatory for FR1 and FR2

	OPPO
	UE type need to be clarified.

	Intel
	FR1: Per-UE optional capability.(Type 4)
FR2: Per-band optional capability signalling is preferred to allow further FR2 extension to higher frequency bands. (Type 1)

	Ericsson
	Mandatory and no capability is needed.

	Qualcomm
	Optional with FR1/FR2 differentiation




15. 256QAM for PDSCH
	x-x4
	256QAM for PDSCH
	256QAM for PDSCH
	
	Yes
	256QAM for PDSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band or common for all bands 

intel: per band for FR1, postpone for FR2
QC: per UE for FR1, for FR2 per band. optional for both FR1/2
E///: need operator view
need time to check

	RAN4
	
	



· Company’s views:
	Company AMediatek
	ViewFR1: mandatory. Type 4, if needed
FR2: Type 1 (per band).

	NTT DOCOMOCompany B
	In LTE, 256QAM is widely utilized, so this should be mandatory for FR1.
For FR2, this feature is optional per UE granularity similar to LTE.

	x-x4
	256QAM for FR1 PDSCH
	256QAM for FR1 PDSCH 
	
	Yes
	256QAM for PDSCH is not possible in FR1
	[Type 3]
	
	Applicable only to FR1
	
	RAN4 will discuss if it is per band or common for all bands 

intel: per band for FR1, postpone for FR2
QC: per UE for FR1, for FR2 per band. optional for both FR1/2
E///: need operator view
need time to check

	RAN4
	Mandatory without capability
	


	
	256QAM for FR2 PDSCH
	256QAM for FR2  PDSCH
	
	Yes
	256QAM for PDSCH is not possible in FR2
	Type 4
	
	Applicable only to FR2
	
	
	
	Optional
	



View

	…Nokia
	Per FR1/FR2 or per band UE capability indication could be ok.

	ZTE
	Ok to be optional, but support of 256QAM for FR1 and FR2 should be differentiated. 

	Huawei
	Since LTE can support DL 256QAM, we would like to mandate it for FR1. So change the capability to 256QAM for FR2 PDSCH

	Dish
	Mandatory for FR1

	CMCC
	256QAM should be mandatory for FR1. 

	Orange
	Mandatory for FR1

	Sprint
	Should be mandatory for FR1

	Vodafone
	Mandatory for FR1

	OPPO
	Per band for FR1. For FR2 FFS.

	Intel
	FR1: Per-UE capability. Optional support.
FR2: Do not define support of 256QAM in Rel-15 unless feasibility studies are concluded in RAN4.

	LGE
	Per UE at FR1 as optional
Per band at FR2 as optional

	Ericsson
	Mandatory for FR1 and no capability is needed. For FR2 FFS the usefulness of the feature.

	Qualcomm
	Optional per UE in FR1, FFS for FR2. Can be discussed when requirements for FR2 are defined




16. 256QAM for PUSCH
	x-x5
	256QAM for PUSCH
	256QAM for PUSCH
	
	Yes
	256QAM for PUSCH is not possible
	[Type 3]
	
	
	
	RAN4 will discuss if it is per band or common for all bands 

QC/intel: per band for FR1
intel: no need for FR2 in Rel.15
need time to check 

	RAN4
	
	



· Company’s views:
	Company AMediatek
	ViewFR1: Type 1 (per band)
FR2: Type 3 (per band combination), bandwidth dependent.

	NTT DOCOMOCompany B
	This should be mandatory for FR1.
For FR2, there is no RF requirement for 256QAM for PUSCH in TS38.101-2.
This feature should be optional and disabled due to the following reasons. 
- 256QAM for PUSCH is specified in RAN1, and RAN1 specification is basically band agnostic (i.e. applicable for both FR1 and FR2 from RAN1 perspective).
- So, if there is no capability signaling for 256QAM for FR2 PUSCH, this would be understood that 256QAM for FR2 PUSCH is mandatory without capability signaling.
- To avoid above such misunderstanding, capability of 256QAM for FR2 PUSCH needs to be introduced (e.g. per UE capability) and disabled.


	x-x5
	256QAM for FR1 PUSCH
	256QAM for FR1 PUSCH 
	
	Yes
	256QAM for PUSCH is not possible in FR1
	[Type 3]
	
	Applicable only to FR1
	
	RAN4 will discuss if it is per band or common for all bands 

QC/intel: per band for FR1
intel: no need for FR2 in Rel.15
need time to check 

	RAN4
	Mandatory without capability 
	


	
	256QAM for FR2 PUSCH
	256QAM for FR2 PUSCH
	
	Yes
	256QAM for PUSCH is not possible in FR2
	Type 4
	
	Applicable only to FR2
	
	
	
	Optional, and disabled in Rel 15
	



View

	…Nokia
	Per band UE capability indication could be ok

	ZTE
	No strong view, ok to be optional, but it should be differentiated for FR1 and FR2

	Huawei
	Per band capability is ok

	Dish
	Per band capability

	CMCC
	256QAM should be mandatory for FR1. 

	Orange
	Mandatory for FR1

	Sprint
	Mandatory for FR1, but per band is acceptable

	Vodafone
	per Band

	OPPO
	Per band for FR1. For FR2 FFS.

	Intel
	FR1: Per-band optional capability.
FR2: Do not define support of 256QAM in Rel-15 unless feasibility studies are concluded in RAN4.

	LGE
	Support as optional

	Ericsson
	For FR1/FR2 FFS the usefulness of the feature.

	Qualcomm
	Optional per band




17. Extended CP
	x-x7
	Extended CP
	Extended CP
	0-10 (component 3; SCS60)
	Yes
	
	Type 4
	[No need]
	[No need]
	
	RAN4 to check

=> Need to check RAN1 intention

	RAN4
	
	



· Whether the signaling granularity and mandatory/optional of extended CP for SCS 60kHz is up to RAN4

· Company’s views:
	Company AMediatek
	View Type 4 (per FR).

	NTT DOCOMOCompany B
	No strong view, but it is preferred that extended CP can be utilized for the UE with 60kHz SCS capability without any capability signaling, ie. mandatory for UE with 60kHz SCS capability.View

	…Nokia
	This should be mandatory without capability signaling

	ZTE
	Associated with the capability of support of SCS 60kHz, no additional capability signaling, which means that if SCS 60kHz is supported, then it supports ECP.

	Huawei
	It should be mandatory.

	Orange
	Mandatory

	Vodafone
	Mandatory

	Intel
	Optional feature. Separate capabilities for FR1/FR2 shall be defined as 60kHz is used for both ranges.

	Ericsson
	Mandatory and no capability is needed.

	Qualcomm
	Optional. Either normal or extended CP can be mandatory with support of 60kHz SS



18. pi/2-BPSK for PUCCH format 3/4
	
	pi/2-BPSK for PUCCH format 3/4
	pi/2-BPSK for PUCCH format 3/4
	0-2
	Yes
	pi/2-BPSK for PUCCH  format 3/4 is not possible
	Type 3
	
	
	
	RAN4 will discuss if it is per band, common for all bands, or FR1/2

QC, intel: per FR1/2
=> need time to check

	
	
	



· Company’s views:
	Company AMediatek
	View OK be mandatory in FR2. If needed, Type 4 (per FR).

	NTT DOCOMOCompany B
	No strong view, but can be optional.
Per UE granularity (type 4) with FR1/FR2 differentiation is preferred.

	
	pi/2-BPSK for PUCCH format 3/4
	pi/2-BPSK for PUCCH format 3/4
	0-2
	Yes
	pi/2-BPSK for PUCCH  format 3/4 is not possible
	Type 3
Type 4
	
	Yes
	
	RAN4 will discuss if it is per band, common for all bands, or FR1/2

QC, intel: per FR1/2
=> need time to check

	
	
	



 View

	Nokia…
	Per band indication should be avoided either FR1/2 or common for all bands would be ok

	ZTE
	Ok to be mandatory, per UE basis.

	Huawei
	Per band capability is ok

	Intel
	Shall be defined as Optional feature. Per FR1/FR2 capability signalling is preferred. 

	Ericsson
	Optional as per band capability

	Qualcomm
	Should be same as PDSCH with PI/2 BPSK




19. Non-contiguous UL CP-OFDM
	
	Non-contiguous UL CP-OFDM
	
	0-1
	Yes
	
	
	No
	
	
	It is up to RAN4 to decide

=> follow decision in UE RF session
	RAN4
	
	



· Company’s views:
	Company AMediatek
	View Type 1 (per-band) 

	NTT DOCOMOCompany B
	In RAN1 specification, non-contiguous resource allocation for PUSCH are already specified.
Specifically, in UL grant (Format 0_1) defined in TS38.212, resource allocation type 0 and type1 defined in TS38.214 are possible.
- Type 0: RGB based allocation (similar to LTE RA type 0)
- Type 1: Contiguous VRB allocation (similar to LTE RA Type 2)
For both types, non-contiguous allocation is possible. Note that VRB-PRB interleaving defined in TS38.211 can be applied for type 1.
But non-contiguous allocation causes MPR issue, so RAN4 has focused on only contiguous allocation (except “almost contiguous” described below).
Hence, the capability signaling of non-contiguous UL CP-OFDM needs to be introduced and disabled in Rel.15 UE.
Without this capability, non-contiguous allocation would be understood as “mandatory without capability” as mentioned in the 16th item (256QAM for PUSCH).
Further discussion is needed on how to define this capability, e.g. per band, band combination or per UE.
We are not sure if non-contiguous resource allocation will be enabled in future release, then at this moment per-UE capability (type 4) may be sufficient since the purpose of this capability is just to indicate that non-contiguous allocation is not allowed. 

On the other hand, RAN4 has discussed “almost contiguous” resource allocation to avoid PUCCH from other UEs (e.g. discussed in R4-1800060), and made some agreements as below.
- Almost contiguous signal is defined by setting minimum bandwidth for the signal (Lcrb > LCRBmax / A) and maximum number of puncture RB’s (Lcrb/B) within the almost contiguous signal.
- Companies are encouraged to provide proposal to A and B for the next RAN 4 meeting,
- Other methods to define almost contiguous are not precluded.
The definition of “almost contiguous” is still under discussion, but if RAN4 introduce almost non-contiguous in RAN4 spec, it should be mandatory without capability signaling.

	
	Non-contiguous UL CP-OFDM
	
	0-1
	Yes
	Non-contiguous UL CP-OFDM is not possible
	[Type 4]
	No
	No
	
	It is up to RAN4 to decide

=> follow decision in UE RF session

	RAN4
	Optional and disabled in Rel.15.
But almost contiguous allocation defined in RAN4 spec is mandatory without capability signaling 
	



View

	…Nokia
	This functionality is already specified in RAN1 and should be mandatory for the UE and this should be handled through the minimum requirements rather than UE capability signaling. Since the requirements were not finalized by December 2017, UE capability signaling for early UEs could be considered for the first specification version. Once the minimum requirements are specified in Rel-15, then this should be mandatory for UE (e.g. from June 2018 onwards).

	ZTE
	Ok to be mandatory. Per UE basis.

	Intel
	Non-contiguous UL CP-OFDM allocations need to be studied based on A-MPR simulations. RAN4 did not have any analysis on this topic. Sufficient studies should be conducted before feature introduction. No feature/capability shall be defined in Rel-15 scope.

	Qualcomm
	Per band




20. [1-symbol GP for 120KHz SCS in unpaired spectrum]
	x-x9
	[1-symbol GP for 120KHz SCS in unpaired spectrum]
	1) Slot formats with 1-symbol GP(s) for 120KHz SCS in unpaired spectrum
	
	Yes
	
	Type 4
	Applicable only to TDD
	Applicable only to FR2
	
	RAN4 to check whether this feature is included in their list

intel: need time to check
=> need time to check

	RAN4
	
	



· Company’s views:
	Company AMediatek
	ViewType 4 per UE in FR2 only. Or delete this feature and specify that 1-symbol GP is not feasible for 120KHz SCS.

	NTT DOCOMOCompany B
	In our understanding this capability comes from MTK RAN1 contribution (table 3 of R1-1800153).

Since RAN4 agrees that DL-to-UL (UL-to-DL) switch time is at least 7µs, minimum GP for 120KHz SCS should include at least 2 OFDM symbols. 1-symbol GP for 120KHz SCS requires faster DL-to-UL (UL-to-DL) switch time and it’s related to UE RF capability.

We are not sure whether faster DL-to-UL switching is possible or not within 1 OFDM symbol with 120kHz SCS (8.9us) when considering timing advance. So, it would be too early to include this capability into RAN4 feature list. 
View

	…Nokia
	We do not see need that this UE capability is necessary. Instead if desired, better minimum requirements for Rx/Tx switching can be defined. Futhermore, if, however, such UE capability signalling is defined, it is important to also define corresponding more stringent UE RxTx switching time requirements should be agreed at the same time as otherwise the network cannot utilize this capability.

	Intel
	Based on current RAN4 requirements, 2 symbols needed for UL-DL switching for 120kHz SCS. No feature needed before feasibility of faster switching is concluded.

	Qualcomm
	Should be optional per Band in FR2. It is possible that some UEs will support shorter UL/DL switching time




21. Number of MIMO layers
	
	DL MIMO layers (PDSCH MIMO layers)
	
	
	
	
	
	
	
	
	· Maximum number of MIMO layers shall be supported 
=> This is proposed by Intel but discussion is postponed.
	
	
	

	
	UL MIMO layers (PUSCH MIMO layers)
	
	
	
	
	
	
	
	
	· Maximum number of MIMO layers shall be supported
=> This is proposed by Intel but discussion is postponed.
	
	
	



· Company’s views:
	Company AMediatek
	View Type 3

	NTT DOCOMOCompany B
	Type 3 from the definition of type.
MIMO capability have been discussed in RAN4 RRM room, and two options were identified in LS to RAN2 (R4-1714257)

•RAN4 discussed two options on the possible signalling of MIMO layer capabilities for the CA band combinations that have such constraints
Option 1: Signal the number of MIMO layers per band per CA band combination for the combinations that have constraints
Option 2: Signal the maximum number of MIMO layers per CA band combination for the combinations that have constraints 

Option 1 is the same as LTE, so option 2 would be preferred. 
View

	…Nokia
	Per band UE capability indication

	ZTE
	Per band basis.

	Intel
	RAN2 already agreed to signal number of MIMO layers
· Per band 
· Per-CC in BPC (per carrier in baseband processing capabilities) 
RAN4 agreed to introduce additional capability to resolve CA RF constraints (R4-1714257). Details are FFS. Propose to use Option 1 in R4-1714257 (“Signal number of MIMO layers per-Band per BC (per-BoBC) for CA combinations which have constraints”)
Separate signalling for DL and UL shall be provided
The signalling shall allow 1,2,4 MIMO layer signalling at least

	Ericsson
	This column collides with the existing item in the feature lists which should be decided by the leading group of RAN1. And separated discussions in RAN4 on this with response of LS to RAN1/2 so it should be taken away from the discussion here.

	Qualcomm
	Per band capability




22. 7.5kHz UL raster shift
	
	
	7.5kHz UL raster shift
	7.5kHz UL raster shift
	
	Yes
	
	Type 2
	
	
	
	=> duplicated discussion between RAN1 and RAN4
	RAN4
	
	





· Company’s views:
	Company AMediatek
	ViewType 4 (per UE in FR1)

	Company BNokia
	This should be mandatory for UEs for those bands for which 7.5 kHz UL raster shift is applicable. If UE does not support this, it should not access that cell eitherView

	ZTE…
	Per band basis, only applicable to the already defined SUL bands.

	Huawei
	There is clear agreement in RAN4 that for all SUL bands, 7.5KHz UL raster shift shall be supported. This is reflected in 38.101-1. No need for it.

	Dish
	It has been discussed several times online that this shall not be required for new NR spectrum SUL bands. This should be clarified.

	Orange
	Same view as Huawei

	Vodafone
	Mandatory for SUL bands

	LGE
	Same with Huawei

	Ericsson
	This should be mandatory for UEs supporting SUL bands.

	Qualcomm
	Per band capability. Not all SUL bands will need UL sharing.




23. Supplemental uplink
	
	
	Supplemental uplink
	Initial access and RRC connected operation on SUL carrier (incl 7.5kHz configurable shift)
1) RACH, PUSCH, PUCCH, SRS operations in a band combination including SUL

	6-14
	Yes
	The UE will not be able to access or operate on a SUL carrier
UE will not be able to perform the RACH/PUSCH/PUCCH/SRS operation in a band combination including SUL
	Type 2 or 4
	
	
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.

=> need time to check
	
	
	

	
	
	Supplemental uplink with different numerology
	Numerology other than that of associated DL 
	6-15?
	Yes
	The UE will not be able to access or operate on a SUL carrier
	Type 2 or 4
	Need
Support not required for an FDD-only UE
	
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.

=> need time to check
	
	
	

	
	
	Supplemental uplink with dynamic switch
	DCI based selection of PUSCH carrier
	6-15, 6-16?
	Yes
	
	Type 2 or 4
	Need
Support not required for an FDD-only UE
	
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.

=> need time to check
	
	
	




· Company’s views:
	Company AMediatek
	View6-14: Type 3. 
6-15: Type 2 (pure baseband)
6-16: Type 4 (per UE)

	Company BNokia
	SUL support (6-14) without any UL sharing from the UE perspective should be capability signaling, which is conditioned to the corresponding band combinations. Separate capability signaling may be needed for 6-15 SUL with different numerology if all the UEs do not support all the numerologies defined for given SUL band. Supplemental uplink with dynamic switch (6-15, 6-16?) is needed if all SUL capable UEs do not support this.View

	ZTE…
	6-14: SUL with UL sharing and without UL sharing should be differentiated.
6-15: optional, with need of UE capability signaling for the already defined SUL bands
6-15, 6-16?: SUL with UL sharing and without UL sharing should be differentiated.


	Huawei
	Since RAN4 will clearly define the SUL band combinations, there is no need for separate capabilities. 6-14,15,16 should be merged

	Dish
	SUL without UL sharing should be behind capability signaling so that SUL band combinations not using UL sharing are not unnecessarily required to consider it.





24. UE power class
	
	
	UE power class
	UE power class
	
	Yes
	Non-default UE power class is not enabled
	[Type 1]
	
	[No need]
	
	
	
	
	



· For FR1, default UE power class is PC3 as noted in Table 6.2.1-1 TS38.101-1. So, the discussion point is how to signal non-default power class.
· For FR2, capability design needs to be discussed (e.g. singling of UE power class similar to FR1 or indication of UE type, etc)

· Company’s views:
	Mediatek
	 Definition under inter-band CA and EN-DC in NR is not clear. Further study needed. 

	NTT DOCOMO
	Handling of different max power case, e.g. 26dBm in band A + 23dBm in band B needs to be clarified at early time of the next meeting. 

	…Nokia
	Network needs to know UE power class. Thus capability signaling needed for non-default power classes

	Ericsson
	Capability indication of non-default power class (now also available for E-UTRA). 

	Sprint
	The network needs to know the UE power class per band and per EN-DC or CA band combination. Capability signaling is needed for non-default power class per band and band combination. This is straightforward for NR standalone bands or for intra-band CA or DC. We agree that additional work is needed for band combinations with different power classes, or with FDD and TDD combinations, etc. But this should not hold up the capability signaling for standalone bands or for intra-band combinations. The signaling should be implemented in such a way that additional power classes can be added as needed. 

	Dish
	Non-default power class indication is needed. 

	CMCC
	Capability signaling is needed for non-default power classes, How to mandate Power Class 2 UE in certain regions is FFS

	OPPO
	Non-default power class indication is needed.

	Intel
	FR1: At least Per band signalling shall be introduced similar to LTE. Signalling of power class per-BC would be beneficial as well.. 
FR2: Need to be able to support multiple PCs (handheld, fixed wireless access, transportable wireless access). Explicit indication of PC is preferred over indication of UE type. Do not need to have a default PC. 
Prefer to have unified signalling between FR1 and FR2.
RAN4 shall further discuss the PC assumptions for CA with BCs supporting different PCs for different bands

	LGE
	Capability signaling needed for power classes of new UE type






Other parameters
· Please provide additional parameter/feature if needed

	Intel
	Support of asynchronous FDD-FDD Intra-band LTE-NR DC
· See RAN2 LS R2-1801633 and RAN4 LS R4-1711965 for details
· Optional feature.
· Type 3 (per-BC) signalling. 



