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1. Introduction
This document summarizes contributions submitted to AI 9.16.15 regarding UE features for coverage enhancements.
According to the initial UE features list from rapporteurs [1], there are following feature groups for coverage enhancements.
· [bookmark: _Hlk85011108]FGs for PRACH coverage enhancements
· 54-1	PRACH coverage enhancements
· FGs for power domain enhancements
· None
· FGs for dynamic switching between DFT-S-OFDM and CP-OFDM
· 54-2	Dynamic waveform switching

Similar to Rel-17, the first priority is to stabilize the signaling structure so that RAN2 can start their work. To this end, in this RAN1 meeting, we focus on the FG structure to have common understanding among companies on how to split the WID into FGs and how to group components/features into rows, while controversial contents can be kept as FFS or […]. Other issues, such as reporting type, can be discussed in future meetings.
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2. FGs for PRACH coverage enhancements
In [1], FGs for PRACH coverage enhancements are captured as below.
	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 (Sidelink 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

	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx beam.
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions with the same Tx beam.
	
	N/A
	N/A
	N/A
	
	Optional with capability signalling.



Following inputs are provided in contributions for the RAN1#114 meeting.
	[2]
	Huawei, HiSilicon
	Repetition level {2, 4, 8} has been introduced in Rel-18, according to RAN1#113 meeting. In legacy, UEs only use one RO to transmit preamble in one RACH attempt, which implies that there is no need for UEs to report the capability of supporting PRACH repetition. For multiple PRACH transmissions, UEs have to use multiple ROs in different time instance to transmit preamble repeatedly in one RACH attempt. Specifically, in CBRA, UEs can select the repetition level according to requirement and capability, where gNB has no complete information of UE’s capability. Without the reporting of UE capability of supporting repetition PRACH, in CFRA, it is hard for gNB to allocate the PRACH resource for UEs accurately. Thus, the reporting of UE capability of supporting repetition after initial access is necessary.  
Proposal 1: The UE capability of PRACH repetition should be reportable.  

	[3]
	Nokia, Nokia Shanghai Bell
	As the PRACH coverage enhancement feature operates on a cell-specific configuration before the UE capabilities are known to the network, it is highly desirable that there is just a single monolithic FG that defines a binary supported/not supported UE capability. Thus, RAN1 should avoid adding any further granularity to the PRACH coverage enhancements FG beyond the binary approach.
Proposal 1: Introduce a single binary {supported, not supported} FG covering the whole of PRACH coverage enhancement work done in Rel-18
Proposal 2: Take the following table as basis for defining the PRACH coverage enhancements FGs:
	Index
	Feature group
	Components

	54-1
	Support for multiple PRACH transmissions of the same PRACH preamble using the same Tx beam
	1. Determination of RO group and the starting RO in the group for multiple PRACH transmissions
2. Support of 2, 4 and 8 PRACH transmissions on the group of ROs
[3. Frequency hopping with different starting RBs for each RO in an RO group]




	[4]
	vivo
		Agreement
For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.
Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details
Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
Agreement
Confirm the following working assumptions.
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Conclusion
If multiple values for the number of multiple PRACH transmissions are configured, support both options to differentiate between multiple PRACH transmissions with different numbers.
· Option 1: Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
· Option 2: Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated between multiple PRACH transmissions with different numbers.


In previous meetings, the necessary agreements and conclusions discussed in [2] for supporting PRACH repetition with same TX beam have been reached. Some further discussions of detailed solutions are still ongoing. As can be seen, PRACH repetition can be requested by UE via selecting specific PRACH resource expected to be used for PRACH repetition with same TX beam. However, for UEs not selecting the PRACH resource for PRACH repetition with same TX beam, it is not clear whether they can support PRACH repetition with same TX beam or not. In order to let gNB be aware of the total number of UEs supporting PRACH repetition in current serving cell so that PRACH resource partitioning for PRACH transmission with or without repetition can be configured in a more balanced way, it would be good that UEs after RRC connection can report the UE capability on PRACH repetition with same TX beam.
Another potential UE feature related to PRACH repetition is frequency hopping, which is still being discussed in RAN1 and no decision has been made on whether this would be supported. Therefore, this can be discussed later.
According to above, we have following proposal. 
Proposal 1:
· Introduce UE feature group of PRACH repetition with same TX beam according to Table 1 and postpone the discussions on UE feature of support PRACH repetition with frequency hopping till the solution is clear.
Table 1. UE features of supporting PRACH repetition with same TX beam in Rel-18.
	Feature group
	Components
	Prerequisite FG
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(Per UE/ Per Band/ Per BC/ Per FS/ Per FSPC
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	PRACH repetition with same TX beam
	Support PRACH repetition with same TX beam
	N/A
	Yes
	UE does not support PRACH repetition with same TX beam. 
	Per UE
	No
	No
	FFS
	Optional with capability signaling




	[5]
	ZTE
	Multiple PRACH transmissions with same beam is supported but we have no consensus to support the multiple PRACH transmissions with different beams [2]. For multiple PRACH transmissions, it requires necessary modifications to some NR functions that are mandatory to legacy UEs, e.g., multiple PRACH transmissions with same beam etc. Therefore, for a Rel-18 UE supporting multiple PRACH transmissions with same beam, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for NR operation. Then, the gNB can get a full picture on the ratio of new UEs in the network for optimizing PRACH parameter configuration. In addition, a new UE may not select the multiple PRACH transmissions mode during the initial access procedure. It is helpful for the gNB to configure the multiple PRACH transmissions mode in the subsequent CFRA procedure (if supported) if the corresponding UE capability is reported by the UE. Given the basic UE FG is supported in all the cells and bands, the reporting type for this basic UE FG could be per UE basis.
[bookmark: OLE_LINK6]Proposal 1: For a Rel-18 UE supporting multiple PRACH transmissions with same beam, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for legacy NR operation. 
· Per UE reporting for the basic UE FG. 

In RAN1#112 meeting, there is an agreement on the number of multiple PRACH transmissions with same Tx beams [3].
	Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.


The supporting number of multiple PRACH transmissions with same Tx beams may be one or more values in the set {2, 4, 8}. Three alternatives can be considered for the UE feature how to support the number of multiple PRACH transmissions with same Tx beam.
· Alternative 1: Each value in the set {2, 4, 8} is corresponding to each feature group, and there are three individual feature groups.
· Alternative 2: Value of {2} for multiple PRACH transmissions is treated as the basic feature group, any UE supporting {4, 8} should support {2} first. This is reasonable as it is not needed for UE to mandatory support the higher repetition number of PRACH transmissions.
· Alternative 3: All values in the set {2, 4, 8} are corresponding to one feature group, and there is only one feature group. The UE should support all the number of multiple PRACH transmission in the set.
Alternative 3 is preferred. To reduce the complexity and the waste of PRACH resources, it is unnecessary to introduce separate capabilities for different repetition numbers mentioned in Alternative 2 and 3. For simplicity, only one basic UE FG should be based on the {2, 4, 8} of number of multiple PRACH transmissions with same Tx beams.
Proposal 2: Only one basic UE FG should be based on the {2, 4, 8} of number of multiple PRACH transmissions with same Tx beam.
Proposal 3: Consider the following UE FGs for PRACH coverage enhancements in Rel-18 further NR coverage enhancements as a starting point.
	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 (Sidelink 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

	xx.
NR_cov_enh2
	xx-1
	Basic function of multiple PRACH transmissions
	Support basic function of multiple PRACH transmissions with repetition number = 2, 4, 8
	
	Yes
	N/A
	UE is not required to support multiple PRACH transmissions with repetition number = 2, 4, 8.
	[Per UE]
	N/A
	N/A
	N/A
	
	Optional with capability signaling




	[6]
	Apple
	PRACH coverage enhancements  
For the PRACH coverage enhancements, multiple PRACH transmissions with the same Tx beam was supported in Rel-18. The enhancement includes PRACH repetition set {2, 4, 8}, reusing the Rel-17 PRACH partition framework thus that multiple PRACH transmissions can be on separate RO or separate preamble on shared RO, specifying RO group for multiple PRACH transmissions, RA-RNTI and RAR monitoring window determination, power control for multiple PRACH transmissions, RSRP based multiple PRACH transmissions determination.
Overall, we propose to define a new UE feature group of multiple PRACH transmissions. The components of this FG include the key design aspects, i.e., PRACH repetition numbers; RO and preamble resources PRACH repetitions, and RO group for multiple PRACH transmissions. 
Proposal 1: Define a UE FG of multiple PRACH transmissions with the same Tx beam, including the following component
· Support {2, 4, 8} for the number of multiple PRACH transmissions with the same Tx beam
· Multiple PRACH are transmitted on separate ROs or separate preamble on shared ROs
· Multiple PRACH transmissions within one RACH attempt are performed within one RO group 
In the Rel-17 coverage evaluation, PRACH could be UL bottleneck for short PRACH format in FR2.  According to the Rel-18 coverage enhancements WID instruction, the enhancements of PRACH are targeting for FR2 and can be applied to FR1 when applicable. The enhancements of PRACH are targeting short PRACH formats and can also apply to other formats when applicable. In the Rel-18 multiple PRACH transmissions with the same Tx beam design, we don’t find special issues applying the multiple PRACH repetitions to FR1 and long PRACH formats.
Proposal 2: For PRACH coverage enhancement, multiple PRACH transmissions apply to all PRACH formats and apply to both FR1 and FR2.  

	[7]
	xiaomi
	For PRACH coverage enhancements, both multiple PRACH transmissions with the same beam and different beams are discussed in AI 9.12.1, but only multiple PRACH transmissions with the same beam are specified in Release 18. So, there is only one FG, i.e., FG 54-1 should be introduced for PRACH coverage enhancements. 
	Conclusion
There is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18.



For FG 54-1, there are two main issues worth discussing from our point of view: the first issue is whether there is a need for the gNB to know FG 54-1 is supported by the UE; the second issue is how to determine the type of FG 54-1.
The need for the gNB to know if FG 54-1 is supported: Based on this UE capability reporting after initial access, CSI measurements, and appropriate algorithms, it is easy for the gNB to infer the approximate number of cell edge UEs supporting FG 54-1. It enables the gNB to configure separate PRACH resources more reasonably for this UE feature.  From this point of view, it is reasonable for the gNB to know if the FG 54-1 is supported by a Rel-18 UE and to take the FG 54-1 as an optional FG with capability signalling.
 FG type: From UE implementation perspective, it is more reasonable to support per band reporting considering that the UE may not support FG 54-1 in some bands e.g. unlicensed bands. Besides, for NR coverage enhancement in Rel-17, all the FGs are adopted as per band reporting, so the UE supporting the FG(s) of Rel-18 coverage enhancement can also follow the legacy operation. 

Based on above discussions, our recommend UE feature list for Rel-18 RedCap is shown in proposal 1.

Proposal 1: For PRACH coverage enhancement, adopt the following FG.
	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 (Sidelink 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

	NR_cov_enh2
	54-1
	Multiple PRACH transmissions with the same
	Support of multiple PRACH transmissions with the same beam
	
	Yes

	
	
	Per Band
	N/A
	N/A
	
	
	Optional with capability signalling




	[8]
	DOCOMO
	For PRACH coverage enhancements, the WI session focuses on the introduction of multiple PRACH transmission with the same Tx beam. First, we believe it would be sufficient to define the limited number of FGs for this sub-agenda, i.e., even only one FG seems sufficient for multi-PRACH transmission. 
The following is our analysis on the potential components to be defined in the single FG of multi-PRACH transmission:
· It can be mentioned that the multi-PRACH transmission is performed with the same Tx beam within one RACH attempt
· The candidate number of multiple PRACH transmissions (i.e., 2, 4 and 8) can also be mentioned. 
· How to determine whether single or multiple PRACH transmission(s) is performed, or the number of multiple PRACH transmissions can also be mentioned. Meanwhile, this is still under WI discussion, so even if it is captured, the actual text has to be decided after WI progress. 
· No power ramping within one RACH attempt can be mentioned as well. 
· RAR reception procedure (i.e., monitoring a single RAR for multiple PRACH transmissions, RAR window starts after the last valid RO, and RA-RNTI is decided based on the last valid RO as well) can also be mentioned.
For the listed potential components above, if there is one that has to be decoupled from the others, we are open to consider defining multiple FGs for this sub-agenda. However, we do not see a strong need to do it for now, based on the list. Note that, assuming the points above can be described in the physical layer specifications, we are also ok not to define above as a component of the FG. 
For the FG itself, another discussion point is whether there is a need for gNB to know if this FG is supported. Given that this feature is intended for CBRA according to WI discussion, our view is that there may be no need for gNB to know if it is supported beforehand. More precisely, if this feature is for CBRA only, which implies this will be used for initial access purpose only, then no need for gNB to know it may be identified. On the other hand, if this feature is unlocked for other scenarios (i.e., CFRA), assuming it may also be performed by RRC_CONNECTED UE, there may be a need for gNB to know it. 
For Type of this FG, we do not identify a strong need to define this with finer granularity, such as per BC/FC/FCPC. From technical point of view, we believe per UE or per band should be sufficient, and our slight preference is put on per UE given its smaller reporting overhead. Note that, even if it is defined per UE, we do not see a strong need of either FDD/TDD differentiation or FR1/FR2 differentiation, although we do not have strong opinion on this. 
Based on above, below is our view on multi-PRACH transmission capability:
Proposal 1: On UE feature for multi-PRACH transmission, 
· Only one FG needs to be defined
· If this feature is supported for CBRA only, there is no need for gNB to know if it is supported
· Per-UE or per-band should be sufficient. 
	XX. NR_cov_enh2
	XX-1
	Multiple PRACH transmissions with the same Tx beam
	TBD
	
	No
	UE does not support multiple PRACH transmissions with the same beam
	Per UE or per band
	TBD
	TBD
	
	
	Optional [with/without] capability signalling





	[9]
	OPPO
	PRACH coverage enhancement has been discussed in the previous meetings, the functions are necessary for repeating PRACHs. The number of repetitions would be all supportable. If multiple values for the number of multiple PRACH transmissions are configured, support both options to differentiate between multiple PRACH transmissions with different numbers.
· Option 1: Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
· Option 2: Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated between multiple PRACH transmissions with different numbers.
In our view, there is no need to introduce two separate UE feature groups for the two options to differentiate between multiple PRACH transmissions with different numbers. PRACH repetition should be treated as single UE feature. However, for different bands, the UE may not commonly operate. Thus, it could be per band or per FS.
Proposal 1: Prefer single UE feature (54-1) for Multiple PRACH transmissions with different numbers, no need to introduce two separate UE FGs for the two options to differentiate between multiple PRACH transmissions with different numbers.
Proposal 2: For type of “Multiple PRACH transmissions with different numbers”, it could be per band or per FS.
 Proposal 3: Following list could be a start point of FG54-1 for Multiple PRACH transmissions with different numbers.
	Features
	Index
	Feature group
	Components
	Need for the gNB to know if the feature is supported
	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

	54. NR_cov_enh2
	54-1
	Multiple PRACH transmissions with different numbers
	1. Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
2. Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
3.  A set of RO group(s) for a configured number of multiple PRACH transmissions
	Yes
	UE does not support PRACH repetition.
	Per Band or per FS
	No
	No
	N/A
	N/A
	Optional with capability signalling




	[10]
	Samsung
	At least one new FG should be defined to support multiple PRACH transmissions with same TX beam. It can include more than one components related to, e.g., mapping of ROs, retransmissions, that are still under discussion. 
Proposal 1: A new FG is defined for support of multiple PRACH transmissions with same TX beam.   

	[11]
	Ericsson
	Since the feature of multiple PRACH transmissions can be applied in both FR1 and FR2 without difference, we think there is no need of FR1/FR2 differentiation, and per-UE type is preferred. The only pre-requisite feature is [1-1] Basic initial access channels and procedures.
A conclusion that there is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18 was made in RAN1#113. It is not clear what is supported in Rel-18 and would be specified is multiple PRACH transmissions with the same beam, or multiple PRACH transmissions. For the latter one, the UL Tx beam(s) are up to UE implementation. We put the UL Tx beam in [] in the column of components.
For PRACH coverage enhancements, the UE feature discussed so far is summarized in Table 1. 
Table 1: Capabilities for PRACH coverage enhancements
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need of FR1/FR2 differentiation
	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)
	Comments

	
	Multiple PRACH transmissions
	Support multiple PRACH transmissions of a RACH attempt [with the same UL Tx beam];
Support the candidate numbers of PRACH transmissions of {2, 4, 8}
	1-1
	No
	Per UE
	


[bookmark: _Toc142571664]UE feature for PRACH coverage enhancements is defined according to Table 1.

	[12]
	Qualcomm
	On RACH enhancements
We propose having two UE feature groups for CBRA and CFRA PRACH repetition. Unlike R17 Msg3 repetition, for PRACH repetition, the resource assignment is different for CFRA and CBRA. Therefore, it would be useful to have two separate UE feature groups for them.
Proposal 1: Introduce two separate feature groups to indicate a UE’s ability to support PRACH repetition for CBRA and CFRA.




Discussion
Proposal 2-1:
· Introduce following FG
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx beam.
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.

FFS whether to separate this FG for CBRA and CFRA
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions with the same Tx beam.
	
	N/A
	N/A
	N/A
	
	Optional with capability signalling.



	Company
	Comment

	Moderator
	Most companies support FG 54-1 while some companies have concern on CBRA vs. CFRA, which also affects whether FG54-1 should be reported to gNB.
Regarding the prerequisite FG, since FG 1-1 is the FG of mandatory without capability signalling, it is not necessary to be included as the prerequisite FG.

Summary of companies view
· Support: HW/HiSi, Nokia/NSB, vivo, ZTE, Apple, xiaomi, DCM, OPPO, Samsung, E///
· Separate FG for CBRA and CFRA: QC
· Need for the gNB to know if the feature is supported
· Yes: HW/HiSi, vivo, ZTE, xiaomi, OPPO
· No: DCM (if this FG is supported for CBRA only)
· Prerequisite FG
· 1-1: E///
· Reporting type
· Per UE: vivo, ZTE, DCM, E///
· Per band: xiaomi, DCM, OPPPO
· Per FS: OPPO

	Ericsson
	Support Proposal 2-1 in general.
We don’t see the need to have separate FG for CBRA and CFRA, since most of the functionalities of the two are the same.
Regarding Tx beam, we can further discuss in AI 9.12.1 and put [] for now, like the following. 
  Support of multiple PRACH transmissions [with the same Tx beam].

	ZTE
	No need to separate FG for CBRA and CFRA.
Even only in CBRA, it is needed for the gNB to know if the feature is supported. It is better the gNB can get a full picture on the ratio of new UEs in the network for optimizing PRACH parameter configuration. The situation is very similar as msg3 repetition FG.
CFRA is already supported. See the agreement of RAN2:
	Agreements:
RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases.




	Panasonic
	We generally support proposal 2-1.
We agree with Ericsson that there is no need to have separate FG for CBRA and CFRA.

	Nokia, NSB
	We agree that the proposed 54-1 is a good baseline for the PRACH coverage enhancement FG

	Spreadtrum
	We support proposal 2-1. 

	Moderator
	Following was agreed in the Tuesday morning online session

Agreement
· Introduce following FG
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions [with the same Tx beam].
Support {2, 4, 8} for the number of multiple PRACH transmissions [with same Tx beams].

FFS whether to separate this FG for CBRA and CFRA
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions [with the same Tx beam].
	
	N/A
	N/A
	N/A
	
	Optional with capability signalling.







3. FGs for power domain enhancements
In [1], no FGs for power domain enhancements are captured.
Following inputs are provided in contributions for the RAN1#114 meeting.
	[3]
	Nokia, Nokia Shanghai Bell
	The RAN#100 endorsed proposal seems to conclude that the second objective is not going to have any RAN1 impacts:

	Proposal #1 (Offline consensus)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact



Observation 1: No RAN1 FGs are needed for Power domain enhancements. RAN2 and RAN4 can discuss further if a new FG should be introduced.

	[4]
	vivo
		Agreement
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.
Conclusion
If enhancements to the PHR report are to be specified in Rel-18, at least the following enhancements to the PHR report framework might be potentially useful for realizing high power uplink transmissions in CA and DC:
· Reporting of ∆PPowerClass and/or current power class
· Reporting of P-MPR.
Discussion continues in RAN1 on whether enhancements to the PHR report are needed in Rel-18.
RAN4’ Reply LS
With regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 would like to provide the following recommendation and guidance as a follow-up to our earlier Reply LS in R4-2303701 from RAN4#106:
· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 
· not to introduce P-MPR report since this is closely related to SAR implementation, which is sensitive to UE design
· RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18.
· RAN4 does not consider EHR feasible.


In previous meetings, the necessary agreements and conclusions above for supporting HPUE related enhancements have been reached. According to the discussions so far in RAN1/RAN4 on HPUE related enhancements,  (delta power class, DPC) report would be specified although the detailed solution discussions are still on going. 
Based on the agreed UE features summarized in TR 38.822 [3], 2-8 is basic UE feature group required for supporting UE power classes, which can be prerequisite FG for DPC report UE feature group.
When DPC is reported, the UE power class may be dynamically changed, and the UE UL full power mode may have to be reported per power class as discussed in [4]. If supported, this would be a new UE feature group which should take DPC report UE feature as a prerequisite feature group. This feature group can be put in bracket to be discussed later when the decision is made.
According to above, details of the DPC UE feature group are provided in Table 2, and we have following proposal.
Proposal 2:
· RAN1 to discuss UE feature groups provided in Table 2 as a start point to support DPC report in FR1.
Table 2. Potential UE features of supporting DPC report.
[image: ]

	Proposal #1 (Offline consensus in RAN#100)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact


In RAN#100 meetings, above offline consensus for MPR/PAR reduction has been reached. According to the agreement, non-transparent schemes (e.g. FDSS-SE) have been excluded from the scope and RAN4 is expected to continue studying some transparent schemes (e.g. FDSS without SE) and determine whether and which transparent scheme could be supported in Rel-18. 
According to above, we have following proposal.
Proposal 3:
· UE feature groups on transparent MPR/PAR reduction are up to RAN4 discussions on whether and how any transparent scheme could be supported in Rel-18.

	[5]
	ZTE
	For power domain enhancements, there are two aspects discussed in RAN1, i.e., MPR/PAR reduction and increasing UE power higher limit for CA/DC. 
· MPR/PAR reduction
In RAN#100, it was agreed that no RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL coverage WI. That is, RAN1 will not work on the non-transparent FDSS schemes, and therefore no need any further RAN1 discussion on MPR/PAR reduction including UE feature discussion. 
	· Proposal #1 (endorsed)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact



Proposal 4: No new UE feature is needed in RAN1 for MPR/PAR reduction. 
· Increasing UE power higher limit for CA/DC
For this topic, RAN4 has agreed to enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceeded. However, whether and how much RAN1 work would be involved is still up to RAN1 discussion in RAN1#114. At this point, we suggest to wait for the progress in AI 9.12.2 first before discussing potential UE feature for increasing UE power higher limit for CA/DC.
Proposal 5: For increasing UE power higher limit for CA/DC, whether/how RAN1 UE FG(s) is defined is up to further discussion in AI 9.1.2.2. 

	[7]
	xiaomi
	Increasing UE power high limit for CA and DC
Agreement
For enhancements to realize increasing UE power high limit for CA and DC, RAN1 can study based on RAN4’s input
· Whether RAN1 enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC.
· FFS how to realize such information exchange, e.g., signalling enhancement, and what is the spec impact.
Conclusion
If enhancements to the PHR report are to be specified in Rel-18, at least the following enhancements to the PHR report framework might be potentially useful for realizing high power uplink transmissions in CA and DC:
· Reporting of ∆PPowerClass and/or current power class
· Reporting of P-MPR.
Discussion continues in RAN1 on whether enhancements to the PHR report are needed in Rel-18.

[bookmark: _Hlk134708832]Based on the existing agreements, at least the following basic FGs are required:
· FFS: Support of the PHR report of the information to realize increasing UE power high limit for CA and DC
Furthermore, it is still pending whether to support this enhancement in this meeting.

MPR/PAR reduction
In the last RANP#100 meeting, the following proposal has been endorsed on MPR/PAR reduction.
· Proposal #1 (endorsed)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact

So we do not see any UE feature needed on this topic.

Based on the discussions above, we propose:
Proposal 2: For Rel-18 power domain enhancements UE features, adopt the following FGs.
· FFS: Support of the PHR report of the information to realize increasing UE power high limit for CA and DC
· Add 54-2 as prerequisite FG for the support of P-MPR reporting FG 54-3;

	[bookmark: _Hlk134709376]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 (Sidelink 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

	NR_cov_enh2
	54-2
	[PHR report for UE power high limit for CA and DC ]
	[FFS:
Support of the reporting of ∆PPowerClass and/or current power class
]

	
	
	
	
	Per band and per BC
	
	
	
	
	Optional with capability signalling

	NR_cov_enh2
	54-3
	[P-MPR reporting  for UE power high limit for CA and DC ]
	[FFS:
Support of the reporting of P-MPR.
]

	54-2
	
	
	
	Per band and per BC
	
	
	
	
	Optional with capability signalling




	[8]
	DOCOMO
	For power domain enhancement, so far we do not identify the need for any new FG based on the following situation:
· For CA/DC aspect, no RAN1 agreement is reached for new feature. 
· Note that this doesn’t imply no new feature from this objective in this WI. There can rather be a new FG in RAN2 or RAN4 UE feature list
· For MPR reduction, per RAN plenary guidance, no RAN1 specification impact will be introduced in this release. Thus, there is no need to consider the update of RAN1 UE feature list
Proposal 2: On UE feature for multi-PRACH transmission, no strong need of new FG is identified

	[9]
	OPPO
	Enhancements to reduce MPR/PAR and “Increasing UE power high limit for CA and DC” has been discussed in the previous meetings. RAN1 understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any. RAN1 has discussed advantages and disadvantages of solutions on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report have been analyzed for different reporting mechanisms, triggers, and reporting periodicities.
For Power Domain Enhancement, it depends on detailed RAN4 input. RAN4 discussed the enhancements on increasing UE power high limit for CA and DC and has provided the following recommendation and guidance [2].
	With regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 would like to provide the following recommendation and guidance as a follow-up to our earlier Reply LS in R4-2303701 from RAN4#106:
· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 
· not to introduce P-MPR report since this is closely related to SAR implementation, which is sensitive to UE design
· RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18.
· RAN4 does not consider EHR feasible.


Further NR coverage enhancements were discussed and following proposals were endorsed in RAN#100 [3].
	Proposal #1 (endorsed)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact


It may not necessary consider enhancements to the PHR report in Rel-18, and no RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI. Thus, we suggest discuss whether enhancements to the PHR report are needed in Rel-18 firstly.
Proposal 4: The discussion of UE FG (54-2) for Power Domain Enhancement could be postpone.

	[10]
	Samsung
	MPR/PAR reduction 
Enhancements to reduce MPR/PAR were discussed in RAN#100, and the following was endorsed [2][3]: 
No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact
Based on the RAN agreement, new optional requirements for MPR reduction for a transparent scheme will be defined by RAN4. A single UE capability should be defined for MPR/PAR reduction, covering any transparent scheme. Since it is a transparent scheme and the UE may implement any scheme for MPR/PAR reduction as long as the new optional requirements that RAN4 will define are satisfied, a single capability is sufficient. 
Proposal 2: A single UE capability is defined for support of MPR/PAR reduction using a transparent scheme.   

Enhancements for UE power high limit for CA and DC
RAN4 sent an LS to RAN1 [2] that will be discussed in RAN1#114. RAN4 provides a recommendation for reporting of ΔPPowerClass when configured duty cycle is exceeded. The definition of a new UE capability can be discussed after the discussion of the RAN4 LS in AI 9.12.2. 




Discussion
Question 3-1:
· Companies are encouraged to provide views on whether any RAN1 FG is necessary for power domain enhancements
	Company
	Comment

	Moderator
	Summary of companies view
· Increasing UE power higher limit for CA/DC
· Delta Power Class report: vivo, xiaomi (if supported)
· Per power class UL full power mode: vivo (if supported)
· P-MPR report: xiaomi (if supported)
· up to further discussion in AI 9.12.2: ZTE, Samsung
· No RAN1 FG is necessary: DCM
· Can be postponed: OPPO
· MPR/PAR reduction
· MPR/PAR reduction using a transparent scheme: Samsung
· No RAN1 FG is necessary: Nokia/NSB, vivo, ZTE, xiaomi, DCM
· Can be postponed: OPPO

	Ericsson
	Prefer to discuss UE high power limit aspects in AI 9.12.2, since the mechanisms to be supported are still under discussion. 
For MPR/PAR reduction, RAN4 should discuss further, and can define the needed features.

	ZTE
	For higher power limit for CA/DC, it’s better to wait for the decision in AI 9.12.2 first. 
For MPR/PAR reduction, no RAN1 FG is needed. 

	Panasonic
	· For Increasing UE power higher limit for CA/DC, there is no RAN1 agreement reached for new feature, hence we think there is no need of a RAN1 FG.
· For MPR/PAR reduction, there is not identified any RAN1 specification impact so far, hence we think there is no need of a RAN1 FG.

	Spreadtrum
	· No RAN1 FG is necessary for MPR/PAR
· No RAN1 FG is found for higher power limit for CA/DC until now, we can wait for further progress.

	Moderator
	According to the input from companies, it seems RAN1 does not have agreements enough to introduce FGs for power domain enhancements for now.
So, in this meeting no more discussion is expected for FGs for power domain enhancements, but companies are free to propose them in future meeting with sufficient justification.

	Moderator
	As discussed in Tuesday online session, we will not discuss FGs for power domain enhancements in this meeting, but companies are free to propose FGs in future meeting, if any.






4. FGs for dynamic switching between DFT-S-OFDM and CP-OFDM
In [1], FGs for dynamic switching between DFT-S-OFDM and CP-OFDM are captured as below.
	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 (Sidelink 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

	54. NR_cov_enh2
	54-2
	Dynamic waveform switching
	Support of dynamic waveform switching for DCI format 0_1/0_2.
	
	Yes
	
	Dynamic waveform switching is not supported 
	
	N/A
	N/A
	N/A
	
	Optional with capability signaling.



Following inputs are provided in contributions for the RAN1#114 meeting.
	[2]
	Huawei, HiSilicon
	In RAN1, PHR enhancement is still under discussion and has not been decided whether to be introduced in Rel-18. According to RAN#100 meeting, as copied below, RAN1 will decide whether to define any PHR enhancement for dynamic waveform switching and to provide the details to RAN2 in RAN1#114 meeting. In legacy, the power headroom of actual PUSCH only needs to be reported without consideration for possible target waveform. In PHR enhancement discussion, in order to assist gNB decision on waveform switching, UE has to additionally report PH of assumed PUSCH whose waveform is different from the actual PUSCH transmission. It will impact the power control, calculation of power headroom and MAC CE. If PHR enhancement is agreed to introduce in Rel-18, then a separate UE capability for it should be introduced. The detail of the capability depends on RAN1 discussion.
	· RAN provide guidance to RAN1/2 on dynamic waveform switching objective as below
· RAN1 will decide whether to define any PHR enhancement for dynamic waveform switching and to provide the details to RAN2 by August meeting
· RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI



Proposal 2: PHR enhancement should be regarded as a separate UE capability if PHR enhancement is introduced in Rel-18 to assist dynamic waveform switching decision.  

	[3]
	Nokia, Nokia Shanghai Bell
	Dynamic waveform switching should be a straight-forward FG with indication on whether the feature is supported by the UE or not. The WI still needs to decide on the PHR reporting, after which the fate of the suggested component 2 below can be determined.
Proposal 2: Take the following table as basis for defining the Dynamic switching between DFT-S-OFDM and CP-OFDM FGs:
	Index
	Feature group
	Components

	54-2
	Dynamic enabling/disabling of the transform precoding for PUSCH transmissions
	1) OFDM Dynamic enabling/disabling of the transform precoding for PUSCH transmissions
[2): PHR reporting for both waveforms]




	[4]
	vivo
	According to the discussions in [5] on dynamic waveform switching, at least the UE features of supporting DWS for PUSCH transmissions dynamically scheduled by different DCI formats are needed since they have been agreed to be specified. For the feature group of UE assistance information report when DWS is enabled, it will be decided on the first day of RAN1 #114 meeting on whether any specification would be needed. Therefore, it can be put in bracket till the decision is made. 
According to above, details of the DWS related UE feature groups are provided in Table 3, and we have following proposal.
Proposal 4:
· RAN1 to discuss UE feature groups provided in Table 3 as a start point to support dynamic waveform switching and, if supported, PHR of both CP-OFDM and DFT-s-OFDM waveforms.
Table 3. Potential UE features of supporting UE location verification in Rel-18 NTN.
	Feature group
	Components
	Prerequisite FG
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Type
(Per UE/ Per Band/ Per BC/ Per FS/ Per FSPC
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	DWS
	Support of DWS of PUSCH transmissions scheduled by DCI0_1
	N/A
	No
	UE does not support  DWS of PUSCH transmissions scheduled by DCI0_1
	Per UE
	N/A
	No
	FFS
	Optional with capability signaling

	DWS
	Support of DWS of PUSCH transmissions scheduled by DCI0_2
	11-1 (Feature group of  supporting   monitoring DCI format 0_2)
	No
	UE does not support  DWS of PUSCH transmissions scheduled by DCI0_2
	Per UE
	N/A
	No
	FFS
	Optional with capability signaling

	DWS
	Support of DWS of PUSCH transmissions scheduled by DCI0_3
	49-2 (Feature group of supporting   monitoring DCI format 0_3）
	No
	UE does not support  DWS of PUSCH transmissions scheduled by DCI0_3
	Per UE
	N/A
	No
	FFS
	Optional with capability signaling

	[UE assistance information report when DWS is enabled]
	Support of PHR of both CP-OFDM and DFT-s-OFDM for PUSCH transmissions scheduled by DCI0_1/2/3 when DWS is enabled.
	‘DWS’ feature groups above
	No
	UE does not support PHR of both CP-OFDM and DFT-s-OFDM for PUSCH transmissions scheduled by DCI0_1/2/3 when DWS is enabled.
	Per UE
	N/A
	No
	FFS
	Optional with capability signaling




	[5]
	ZTE
	Dynamic switching between DFT-S-OFDM and CP-OFDM is supported. It requires necessary modifications to some NR functions that are mandatory to legacy UEs, e.g., dynamic switching between DFT-S-OFDM and CP-OFDM according to the DCI indication. Therefore, for a Rel-18 UE supporting dynamic switching between different waveforms, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for NR operation. 
Proposal 6: For a Rel-18 UE supporting dynamic switching between DFT-S-OFDM and CP-OFDM, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for legacy NR operation. 

There are some agreements and conclusions on the dynamic waveform switching between different waveforms:
	Agreement
Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.
Agreement (TBC): 
Dynamic waveform switching enhancement in R18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1.
Agreement
For single TB scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.
Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.
Conclusion
The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.
Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.



From the above agreements and conclusions, the basic FG should aim to the function applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2. Then the component of the basic FG should at least include the dynamic waveform switching is applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 and new 1-bit field for dynamic waveform indication from UL scheduling DCI.
The supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is not allowed. Then it is better to add a note in the basic UE FG that the supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is precluded.
Proposal 7: The component of the basic FG should include that the dynamic waveform switching is applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 and new 1-bit field for dynamic waveform indication from UL scheduling DCI. 
Proposal 8: Add a note in the basic UE FG that supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is precluded.

· Multi-PUSCH scheduling in time domain
	Agreement
For UE configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), DCI format 0_1 supports 1-bit field for dynamic waveform switching indication.
· When configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions.


There is an agreement on the joint processing between DWS and NRU. In case the UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), only DCI format 0_1 supports 1-bit field for dynamic waveform switching indication. There is no need to mandatory support the joint processing between DWS and NRU, so the reporting of this capability is needed. The basic FG for single PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 is the prerequisite feature group for the FG for multi-PUSCH scheduling. The component of this FG is supporting dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH)
Proposal 9: The basic UE FG for single PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 is the prerequisite feature group for the FGs for multi-PUSCH scheduling.
Proposal 10: Support dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH).
Proposal 11: Consider the following UE FGs for dynamic waveform switching in Rel-18 further NR coverage enhancements as a starting point.
	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 (Sidelink 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

	xx.
NR_cov_enh2
	xx-2
	Basic function of dynamic waveform switching between DFT-S-OFDM and CP-OFDM
	Support dynamic waveform switching applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2;
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
	
	Yes
	N/A
	UE is not required to support dynamic waveform switching between DFT-S-OFDM and CP-OFDM applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2.
	[TBD]
	N/A
	N/A
	N/A
	Supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is precluded.
	Optional with capability signaling

	xx.
NR_cov_enh2
	xx-3
	Dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier 
	Support dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH)
	xx-2
	Yes
	N/A
	UE is not required to support dynamic waveform switching between DFT-S-OFDM and CP-OFDM applicable to multi-PUSCH scheduling in time domain in a carrier.
	[TBD]
	N/A
	N/A
	N/A
	
	Optional with capability signaling




	[6]
	Apple
	Dynamic waveform switching 
Based on the agreements made until the RAN1#113 meeting, for dynamic waveform switching between DFT-S-OFDM  and CP-OFDM, it was agreed this feature only applies to dynamic scheduled PUSCH by DCI format 0_1 and 0_2. Another aspect of the design is how to align the DCI size between DFT-S-OFDM and CP-OFDM, which is different from traditional size alignment between DL DCI and UL DCI. The last important aspect is the assistance information to gNB scheduler in determining the waveform. However, this is still open without a conclusion yet. Hence, we propose to define a UE feature of dynamic waveform switching based on the current agreements.
Proposal 3: Define a UE FG of dynamic waveform switching, including the following component
· Support dynamic waveform switching for PUSCH scheduled by DCI format 0_1 or 0_2
· Support per field DCI size alignment between DFT-s-OFDM and CP-OFDM
Dynamic waveform switching for multiple UL carriers was discussed in the last RAN1 meeting. Normally, for intra-band UL CA, two cells and associated gNBs are co-located. So, it’s hard for UE to transmit different waveforms at the same time. For RAN4 discussed non-collocated intra-band CA, based on RAN4’s assumption, there are no issues for UE to transmit with different waveforms on two carriers. Thus, it makes sense for UE to report whether the same waveform should be assumed on scheduled carriers for intra-band UL CA. If UE reports that the same waveform should be kept in UL CA, the waveform indicated in the dynamic waveform indication information field from each scheduling DCI should be the same; otherwise, it’s gNB scheduling error.
Proposal 4: UE reports the capability of whether the same waveform should be assumed on scheduled carriers in intra-band UL CA.

	[7]
	xiaomi
	Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.

Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.

Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.

Conclusion
The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.

Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH. 
· Details FFS.
· Note: Any MAC CE related decision is up to RAN2
· Option 4: No enhancement. 

Based on the above existing agreements, at least the following basic FGs are required:
· Support of dynamic waveform switching between DFT-s-OFDM and CP-OFDM
· FFS: Support of the reporting of power headroom information for DWS

Based on the discussions above, the FFS part is still pending to be decided in this meeting, thus we propose:
Proposal 3: For Rel-18 coverage enhancements UE features, adopt the following FGs.
· Support of dynamic waveform switching between DFT-s-OFDM and CP-OFDM
· FFS: Support of the reporting of power headroom information for DWS

	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 (Sidelink 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

	NR_cov_enh2
	54-4
	Dynamic waveform switching between DFT-s-OFDM and CP-OFDM
	Support of the dynamic waveform switching between DFT-s-OFDM and CP-OFDM per BWP for dynamic grant PUSCH for DCI format 0_1 ,0_2,[0_3]

	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	NR_cov_enh2
	54-5
	[PHR report for DWS ]
	[FFS: 
1） Support of the reporting of 2 PHRs of PUSCH of the current waveform and a reference PUSCH using target waveform different from waveform of actual PUSCH
2） Support of the reporting of power headroom information of a reference PUSCH using target waveform different from waveform of actual PUSCH] 

	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling




	[8]
	DOCOMO
	For dynamic switching between DFTS-OFDM and CP-OFDM, the main feature discussed in WI is to support DCI-based waveform switching for the scheduled PUSCH. Similar to multi-PRACH feature, we think a smaller number of FGs should be considered (e.g., one or two FG(s)). 
For technical points that may need to be captured as components, we can see the following
· Main behavior is to add a new bit in UL scheduling DCI format, by which the waveform may or may not be switched from the RRC-configured waveform. This seems not necessary to be captured. 
· The supported DCI formats are DCI 0_1 and 0_2 for now. For now, the two approaches can be considered, one is to define a single FG for both DCI 0_1 and 0_2, and the other is to define separate FG for each of DCI formats. Since we do not see a strong difference on this feature between DCI 0_1 and 0_2, we slightly prefer the former approach now because of the smaller reporting overhead.  Meanwhile, we are also open to consider separate FG for each DCI format. 
· DCI size alignment method can be mentioned as a component. 
For the second bullet related to DCI format, which options to consider, one is single FG with both DCI formats, and the other is to define separate FG for each DCI format, should be discussed to identify the detail more. As described, our slight preference is single FG, while we are open to consider the other way. 
For the need for gNB to know if it is supported, for DWS feature(s), we do not think it is performed during initial access (i.e., before UE capability singalling). Thus, we think it should be “yes”. 
Considering that both CP-OFDM and DFTS-OFDM are technically mandatory for UL even in Rel-15, we see no strong reason that the support should be determined per band or finer granularity. Thus, for type, we prefer per-UE. Note that, if this feature is supported for multi-carrier operation, and if the actual support of this feature is dependent on carrier(s), finer granularity may need to be considered. Therefore, while we prefer per-UE, it may be better to defer the discussion a bit in our view, to see more details to be concluded in WI session. 
Proposal 3: On UE feature for dynamic switching between DFTS-OFDM and CP-OFDM, 
· Smaller number of FGs should be sufficient (e.g., one or two)
· Discussion on unified FG or separate FG between DCI 0_1 and DCI 0_2 can be prioritized during the initial phase of UE feature discussion
· Decision of type may be better to wait for the progress of WI session more
	XX. NR_cov_enh2
	XX-2
	Dynamic switching between DFTS-OFDM and CP-OFDM
	1) A field in DCI format 0_1 to indicate waveform switching for the scheduled PUSCH
2) A field in DCI format 0_2 (if supported) to indicated waveform switching for the scheduled PUSCH

	No
	Yes
	UE does not support dynamic switching between DFTS-OFDM and CP-OFDM
	[Per UE or per band]
	TBD
	TBD
	
	
	Optional with capability signalling




	[9]
	OPPO
	UE with DWS Should have perquisite of DFT transform precoding capability. 
DFT-S-OFDM waveform is beneficial for UL coverage limited scenario because of its lower PAPR compared with CP-OFDM waveform. Dynamic switching between DFT-S-OFDM and CP-OFDM has been discussed in the previous meetings. In our view, it is enough to introduce single UE feature for Dynamic Waveform Switching.
Proposal 5: Sigle UE feature for Dynamic Waveform Switching with perquisite of DFT transform precoding capability.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: It could be Per UE indication, without FDD/TDD differentiation for Dynamic Waveform Switching.
Proposal 7: Following list could be a start point for FG54-3 for Dynamic Waveform Switching
	Features
	Index
	Feature group
	Components
	Need for the gNB to know if the feature is supported
	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

	54. NR_cov_enh2
	54-3
	Dynamic Waveform Switching
	1. Dynamic switching between DFT-S-OFDM and CP-OFDM
2. Configuration of dynamic waveform switching indicator field, for a BWP
	Yes
	UE does not support Dynamic Waveform Switching.
	Per UE
	No
	No
	N/A
	N/A
	Optional with capability signalling




	[10]
	Samsung
	A single UE capability should be defined for dynamic switching between DFT-S-OFDM and CP-OFDM. It is a DCI based selection of waveform between DFT-S-OFDM and CP-OFDM. 
Proposal 3: A new FG is defined for dynamic waveform switching.   

	[11]
	Ericsson
	[bookmark: _Hlk142043998]It was agreed that dynamic waveform switching applies to DG-PUSCH, where a waveform is dynamically indicated with a new DCI field. Therefore, prerequisite feature groups include [0-1] and [0-2] for the two UL waveforms, [2-12] basic PUSCH transmission, and [3-1] for DCI 0_1, all of which are mandatory without capability signalling.
	Agreement
For single TB scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
Note: no change of the current size alignment procedure between UL DCI and DL DCI.
Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.


If dynamic waveform switching is configured for a single-carrier scenario, per-band Type would suffice. If both dynamic waveform switching and UL CA are configured for a UE, per-BC type is preferred, so that gNB can configure the feature in one or multiple of the UL carriers, depending on the need of coverage enhancement. Per FSPC would complicate gNB scheduling and configuration of the feature. For example, if a UE indicates its capability of dynamic waveform switching for only one band of a band combination, and UL coverage is identified in another band of the band combination, the feature can’t solve the UL issue.
For dynamic waveform switching, the UE feature discussed so far is summarized in Table 2. 
Table 2: Capabilities for dynamic waveform switching
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)
	Comments

	

	Dynamic waveform switching

	Support dynamic waveform switching indicated in an UL scheduling DCI
	[0-1], [0-2], [2-12], [3-1]
	Per band for single-carrier scenario, Per BC for UL CA
	


[bookmark: _Toc142571665][bookmark: _Toc142571666][bookmark: _Toc142571667][bookmark: _Toc142571668][bookmark: _Toc142571678][bookmark: _Toc95746018][bookmark: _Toc101477930][bookmark: _Toc95746019][bookmark: _Toc101477931][bookmark: _Toc95746020][bookmark: _Toc101477932][bookmark: _Toc142571679][bookmark: _Toc142571680][bookmark: _Toc142571693][bookmark: _Toc84002564][bookmark: _Toc84022134][bookmark: _Toc84022364][bookmark: _Toc84063242][bookmark: _Toc84063250][bookmark: _Toc142571694][bookmark: _Toc142571695][bookmark: _Toc142571696][bookmark: _Toc142571697][bookmark: _Toc142571698][bookmark: _Toc142571699][bookmark: _Toc142571700][bookmark: _Toc142571723][bookmark: _Toc142571724][bookmark: _Toc142571725][bookmark: _Toc142571726][bookmark: _Toc142571727][bookmark: _Toc142571728][bookmark: _Toc142571729][bookmark: _Toc142571730][bookmark: _Toc142571731][bookmark: _Toc142571732][bookmark: _Toc142571733][bookmark: _Toc142571734][bookmark: _Toc142571735][bookmark: _Toc142571736][bookmark: _Toc142571737][bookmark: _Toc142571738][bookmark: _Toc142571739][bookmark: _Toc142571740][bookmark: _Toc142571741][bookmark: _Toc142571742][bookmark: _Toc142571743][bookmark: _Toc142571744][bookmark: _Toc142571745][bookmark: _Toc142571746][bookmark: _Toc142571747][bookmark: _Toc142571759][bookmark: _Toc142571760][bookmark: _Toc142571846][bookmark: _Toc142571847][bookmark: _Toc142571848][bookmark: _Toc142571849][bookmark: _Toc142571850][bookmark: _Toc142571851][bookmark: _Toc142571852][bookmark: _Toc142571853][bookmark: _Toc142571854][bookmark: _Toc142571855][bookmark: _Toc142571856][bookmark: _Toc142571857][bookmark: _Toc142571858][bookmark: _Toc142571859][bookmark: _Toc142571874][bookmark: _Toc142571875][bookmark: _Toc142571876][bookmark: _Toc142571877][bookmark: _Toc142571878][bookmark: _Toc142571879][bookmark: _Toc142571880][bookmark: _Toc142571881][bookmark: _Toc142571882][bookmark: _Toc142571883][bookmark: _Toc142571897][bookmark: _Toc142571898]UE feature for dynamic waveform switching is defined according to Table 2.

	[12]
	Qualcomm
	On dynamic waveform switching
We propose a single feature group to indicate a UE’s ability to support dynamic waveform switching. This FG can include support for DWS through both DCI formats (DCI 0_1 and 0_2). Given the intricacies of supporting different waveform types on two carriers in the same band (intra-band CA) or on two bands supported by the same PA, it is suggested that his FG be indicated at FSPC granularity. 
For example, if UE is configured with 3 carriers on a band and DWS is enabled on all three carriers, then UE may encounter one of 8 different waveform combinations. Each combination of waveforms may require custom settings for the RF chain and UE must be ready to support any of the 8 combinations. It may not be possible for the UE to dynamically switch between such a large number of waveform combinations. FSPC granularity allows the UE to better indicate its support for such cases. 
[bookmark: _Hlk142484306]Proposal 2: Introduce a single feature group to indicate a UE’s ability to support dynamic waveform switching. Indicate this capability at an FSPC granularity.




Discussion
Proposal 4-1:
· Introduce following FG
	54. NR_cov_enh2
	54-3
	Dynamic waveform switching
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].

FFS whether to separate this FG for DCI 0_1/0_2[/0_3]

FFS whether to separate this FG for multi-PUSCH scheduling

FFS whether to report the capability on different waveform can be used on scheduled carriers in intra-band UL CA
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	FFS
	N/A
	N/A
	N/A
	
	Optional with capability signaling.



	Company
	Comment

	Moderator
	Most companies support FG 54-3 while some companies propose separate FG for DCI 0_1/0_2/0_3 and multi-PUSCH scheduling. Also, A company propose to report on whether the same waveform should be assumed on scheduled carriers in intra-band UL CA. Those aspects can be discussed further.
Regarding the PHR enhancement, since this is still under the discussion in AI 9.12.3, this can be discussed after some progress is made there.

Summary of companies view
· Support: Nokia/NSB, ZTE, Apple, xiaomi, DCM, OPPO, Samsung, E///, QC
· Separate FG for DCI 0_1/0_2/0_3: vivo
· FG for PHR enhancement
· Support: HQ/HiSi (if supported), vivo (if supported), xiaomi (if supported)
· Merge with 54-3: Nokia/NSB (if supported)
· FG for DWS with multi-PUSCH scheduling
· Support: ZTE
· Capability report on whether the same waveform should be assumed on scheduled carriers in intra-band UL CA
· Support: Apple

Regarding the prerequisite FGs and reporting type, companies have different view, and hence, to be discussed after the FG structure is concluded

	Ericsson
	We think one FG is sufficient for the several UL DCI formats. 
Regarding the last FFS, different waveforms configured for UL carriers of UL CA is a legacy feature without UE capability and has no direct relation with dynamic waveform switching.

	Panasonic
	We are fine with Proposal 4-1. On whether to separate this FG for DCI format 0-1/0-2/0-3, our view is single FG for the several DCI formats is sufficient.

	Nokia, NSB
	We agree that the proposed 54-3 is a good baseline for the dynamic waveform switching FG

	Spreadtrum
	We are fine with Proposal 4-1. 
For DCI format 0-1/0-2, they can in a single FG, if UE supports FG 11-1. For 0-3, it can be discussed after further progress is made. 
For multi-PUSCH, it can be in basic FG, too, if UE supports multi-PUSCH.
For same waveform in intra-band CA, it can be component in basic FG. Different waveform can be separate FG.
For PHR enhancement, it can be separate FG.

	Moderator
	Another FG is added according to the following agreement made in this meeting

Agreement
Support following enhancement to assist the scheduler in determining waveform switching:
· Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Note: Any MAC CE related design is up to RAN2
· Subject to separate UE capability 
· Details FFS.
Conclusion (Made in RAN#100, RP-231498)
RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI
Send LS to inform above agreement and conclusion.

	Moderator
	Following was agreed in Tuesday morning online session.

Agreement
· Introduce following FGs
	54. NR_cov_enh2
	54-3
	Dynamic waveform switching
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].

FFS whether to separate this FG for DCI 0_1/0_2[/0_3]

FFS whether to separate this FG for multi-PUSCH scheduling

FFS whether/how to separate this FG for single-carrier case and multiple-carrier case
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	FFS
	N/A
	N/A
	N/A
	
	Optional with capability signaling.

	54. NR_cov_enh2
	54-3a
	PHR enhancement for dynamic waveform switching 
	Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH

FFS details
	
	
	
	
	
	
	
	
	
	







(pending) Question 4-2:
· Companies are encouraged to provide views on which FGs should be included as the prerequisite FGs of FG 54-3
	Company
	Comment

	Moderator
	Summary of companies view
· 54-3
· None: ZTE
· 11-2 (for DCI 0_2), 49-2 (for DCI 0_3): vivo
· 0-1, 0-2, 2-12, 3-1: E///
· FG for DWS with multi-PUSCH scheduling
· 54-3: ZTE

	Moderator
	This can be discussed in future meetings.




(pending) Question 4-3:
· Companies are encouraged to provide views on the reporting type of FG 54-3
	Company
	Comment

	Moderator
	Summary of companies view
· 54-3
· Per UE: vivo, OPPO
· Per band: xiaomi
· Per band and per BC: E///
· Per FSPC: QC
· TBD: ZTE, DCM

	Ericsson
	We prefer that for single-carrier scenario, gNB checks UE capability of per band, and for UL CA, gNB checks per-BC UE capability only.

	Panasonic
	We prefer either “per band and per BC” or “per FSPC (we assume FS’C is typo)”. In our understanding, the difference would be “per band and per BC” can report UE capability for only inter-band CA case, while “per FSPC” can report UE capability for both intra-band and inter-band CA.

	Nokia, NSB
	As both waveforms are UE-mandatory the waveform switch indication can be introduced per UE.

	Moderator
	This can be discussed in future meetings.




5. Conclusions
Following agreements were made in this meeting.

Agreement
· Introduce following FG
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions [with the same Tx beam].
Support {2, 4, 8} for the number of multiple PRACH transmissions [with same Tx beams].

FFS whether to separate this FG for CBRA and CFRA
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions [with the same Tx beam].
	
	N/A
	N/A
	N/A
	
	Optional with capability signalling.




Agreement
· Introduce following FGs
	54. NR_cov_enh2
	54-3
	Dynamic waveform switching
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].

FFS whether to separate this FG for DCI 0_1/0_2[/0_3]

FFS whether to separate this FG for multi-PUSCH scheduling

FFS whether/how to separate this FG for single-carrier case and multiple-carrier case
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	FFS
	N/A
	N/A
	N/A
	
	Optional with capability signaling.

	54. NR_cov_enh2
	54-3a
	PHR enhancement for dynamic waveform switching 
	Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH

FFS details
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