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0 Introduction
[bookmark: _Toc97215355]0.1 Background
In RAN#104 [1], a revised WID on NR NTN enhancements was endorsed for Release 19, as copied below [1]. 
This Feature Lead summary aims to discuss issues on Uplink Capacity/Throughput Enhancement for FR1-NTN based on companies contributions and discussions in RAN1#124. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design
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2 Maintenance issues
2.1 TPs for phase continuity and power consistency
2.1.1 TP_2_1_1 to TS 38.213 Clause 4.2 
RAN4 requirements for OCC:
The requirements and side conditions for phase continuity requirements for OCC specified in TS 38.101-5 subclause 6.4.2.3 are as follows:[bookmark: _Toc209623987][bookmark: _Toc210122029][bookmark: _Toc208835377]TS 38.101-5-j20 V19.2.0 (2025-09)
6.4.2.3	Phase continuity requirements for OCC
For bands that NTN UE indicates the support of UE capability of PUSCH_OCC2 or PUSCH_OCC2_OCC4, when the NTN UE has OCC operation enabled [14], the maximum allowable difference between the measured phase value in any slot p-1 and slot p across the slots in an OCC group [14] for each antenna connector shall satisfy the requirements as listed in Table 6.4.2.3-1 for the measurement conditions defined in Table 6.4.2.5-2 of TS 38.101-1 [5]. The phase value for each slot is measured as shown in Annex F.9 of TS 38.101-1 [5]. These requirements apply to PUSCH transmissions with DFT-s-OFDM waveforms.
Table 6.4.2.3-1: Maximum allowable phase difference for OCC2 and OCC4
UL channel
Modulation order
Phase difference between any slot p-1 and slot p 
PUSCH
Pi/2 BPSK, QPSK, 16QAM, 64QAM
25 degrees




	The above requirements are applicable when all the conditions listed below are met within the measurement time window:
-	RB allocation in terms of length and frequency position does not change, and intra-slot and inter-slot frequency hopping is not activated.
-	Modulation order does not change.
-	No network commanded TA takes effect.
-	The TPMI precoder does not change.
-	There is no change in UE transmission power level, and no change in the level of P-MPR applied by the UE.
-	UE is not scheduled with uplink transmission of other physical channel/signal in-between the PUSCH or PUCCH transmissions.
-	Doppler conditions are set to zero and delay conditions are set to constant.
-	UE specific TA and common TA do not update.



Ericsson proposed TP_2_1_1 to TS 38.213 Clause 4.2 for autonomous updates of the UE-specific TA or common TA between PUSCH repetitions in an OCC group are prohibited. Ericsson observed if RAN1 cannot agree to prohibit updates of UE-specific TA and common TA inside an OCC group, an LS should be sent to notify RAN4 about this decision and suggest they take proper action on it, e.g., to remove the condition "UE specific TA and common TA do not update" from the phase continuity requirements for OCC
Moderator view: This clarification in the specifications is consistent with RAN4 conditions listed above and seems helpful. It has been discussed in previous meetings. If TP cannot be agreed, moderator view is that LS to RAN4 should not be sent to update the side conditions. Companies are encouraged to comment on whether to support TP_2_1_1 to TS 38.213 Clause 4.2

Proposal 2.1.1 Companies are encouraged to comment on the following:
A. Adopt TP_2_1_1 to TS 38.213 Clause 4.2
B. If not adopt, send LS to RAN4 to remove the condition "UE specific TA and common TA do not update" from the phase continuity requirements for OCC
C. RAN1 conclusion: Do no pursue TP_2_1_1 to TS 38.213 Clause 4.2 due to no consensus in RAN1
 
TP_2_1_1 to TS 38.213 Clause 4.2
	Reason for change:
	Autonomous updates of the UE-specific TA or common TA between PUSCH repetitions in an OCC group would cause phase continuity and/or power consistency not to be maintained.

	Summary of change:
	Autonomous updates of the UE-specific TA or common TA between PUSCH repetitions in an OCC group are prohibited.

	Consequences if not approved:
	Autonomous updates of the UE-specific TA or common TA between PUSCH repetitions in an OCC group may cause phase continuity not to be maintained for OCC PUSCH. 

	4.2	Transmission timing adjustments
<unchanged text omitted>
For operation with single TAG on a serving cell, if two adjacent slots overlap due to a TA command or due to update of  or , when applicable, the latter slot is reduced in duration relative to the former slot. The UE does not change  during an actual time domain window for a PUSCH or a PUCCH transmission [6, TS 38.214]. The UE does not change  or during PUSCH transmissions in an OCC group [6, TS 38.214]. If the UE is not provided sTx-2Panel and operates with two TAGs on a serving cell, the UE does not expect transmissions associated with different TAGs to overlap unless the UE indicates overlapUL-TransReduction or overlapUL-TransReduction-r19; if the UE indicates overlapUL-TransReduction or overlapUL-TransReduction-r19, the UE reduces in duration a latter transmission using a first TAG to avoid overlapping with a former transmission using a second TAG.
<unchanged text omitted>



[bookmark: OLE_LINK284]Companies are encouraged to provide comments on TP_2_1_1 in the table below:
	Companies
	Comments

	Samsung
	Option C.
We don’t see the need for the TP considering RAN4 has clearly specified the phase continuity requirements.  

	Vivo1
	Not essential

	Moderator
	Some minor typos were corrected and old comment tables were removed throughout the document based on Nokia checking.

	CATT
	It seems obvious, so it may not be necessary.

	Ericsson
	Option A. A requirement is needed in the RAN1 specification to align with the conditions in the RAN4 specification. Without it, there are in practice no requirements on phase continuity for OCC UE. The UE may change UE specific TA and/or common TA during any OCC group, and even if this causes a phase discontinuity that destroys the OCC orthogonality, the RAN4 requirements on phase continuity are still not violated, since they are only applicable when "UE specific TA and common TA do not update".

	
	

	
	

	
	

	
	

	
	



[bookmark: OLE_LINK285]



2.1.2 TP_2_1_2 to TS 38.214 Clause 6.1.2.1

Huawei proposed TP_2_1_2 to TS 38.214 Clause 6.1.2.1 to clarify the events that cause phase continuity and power consistency not to be maintained within an OCC group. UE should drop all PUSCH repetitions within an OCC group if such an event occurs.

Moderator view: This clarification in the specifications is consistent with RAN4 conditions listed above and seems helpful. It has been discussed in previous meetings. Companies are encouraged to comment on whether to support TP_2_1_2 to TS 38.214 Clause 6.1.2.1

Proposal 2.1.2 Companies are encouraged to comment on the following:
1. Adopt TP_2_1_2 to TS 38.214 Clause 6.1.2.1
1. RAN1 conclusion: Do no pursue TP_2_1_2 to TS 38.214 Clause 6.1.2.1 due to no consensus in RAN1
 TP_2_1_2 to TS 38.214 Clause 6.1.2.1
Reason for change: A list of events that cause phase continuity and power consistency not to be maintained for DMRS bundling are specified in clause 6.1.7. These events, if applicable, may also cause phase continuity and power consistency not to be maintained within an OCC group. If such an event occurs, UE should drop all PUSCH repetitions within an OCC group to ensure the orthogonality between UEs.  
Consequence if not approved: Clarify the events that cause phase continuity and power consistency not to be maintained within an OCC group. UE should drop all PUSCH repetitions within an OCC group if such an event occurs.

Summary of change: The events that cause power consistency and phase continuity not to be maintained within an OCC group are not clear. Orthogonality between UEs may not be preserved if an applicable aforementioned event occurs.
-------------------- Start of TP#1 for 38.214  --------------------
6.1.2.1	Resource allocation in time domain
<Unchanged text omitted>
The UE shall maintain power consistency and phase continuity within an OCC group of PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1, or 0_2, or PUSCH repetition Type A with a configured grant.
If a UE experiences an event that causes the power consistency or phase continuity within an OCC group to no longer be maintained, the UE shall drop all PUSCH repetitions of the transmission of PUSCH repetition type A within the OCC group.
Events which cause power consistency and phase continuity not to be maintained across PUSCH repetitions during an OCC group are same as the events defined in subclause 6.1.7, if applicable.
For a PUSCH transmission of a PUSCH repetition Type A scheduled by RAR UL grant, the redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, …  -1, is determined according to the first row of Table 6.1.2.1-2. 
<Unchanged text omitted>
-------------------- End of TP#1 for 38.214 --------------------


Companies are encouraged to provide comments on TP_2_1_2 in the table below:
	Companies
	Comments

	CATT
	Option B.

	Ericsson
	We support the intention but not the current wording of the TP. Only a few of the events for DMRS bundling are applicable for OCC, and for some of these, the OCC behavior is already specified elsewhere. We think the remaining few events for OCC should be explicitly described instead of referring to the events for DMRS bundling.

	Panasonic
	Support. It is necessary to clarify UE behavior (drop all PUSCH repetition) when the event not to maintain the power consistency and phase continuity occurs.

	
	

	
	

	
	

	
	

	
	

	
	

	
	






2.1.3 TP_2_1_3 to TS 38.214 Clause 6.1.2.1
Ericsson mentioned it can be noted that a restriction on the update of transmission timing during an actual time domain window for DMRS bundling exists in 38.213:

	TS 38.213
4.2	Transmission timing adjustments
<unchanged text omitted>
For operation with single TAG on a serving cell, if two adjacent slots overlap due to a TA command or due to update of  or , when applicable, the latter slot is reduced in duration relative to the former slot. The UE does not change  during an actual time domain window for a PUSCH or a PUCCH transmission [6, TS 38.214]. If the UE is not provided sTx-2Panel and operates with two TAGs on a serving cell, the UE does not expect transmissions associated with different TAGs to overlap unless the UE indicates overlapUL-TransReduction or overlapUL-TransReduction-r19; if the UE indicates overlapUL-TransReduction or overlapUL-TransReduction-r19, the UE reduces in duration a latter transmission using a first TAG to avoid overlapping with a former transmission using a second TAG.
<unchanged text omitted>



Huawei proposed the length of NTDW should be an integer multiple of OCC length in TP_2_1_3. Docomo proposed a similar TP. 

[image: ]
[bookmark: _Ref209625675][Huawei] Figure 1: An example of TDW and OCC group.

Moderator view: This clarification in the specifications is consistent with RAN1 specifications for time domain window for DMRS bundling and seems helpful. It has been discussed in previous meetings. Companies are encouraged to comment on whether to support TP_2_1_3 to TS 38.214 Clause 6.1.2.1

Proposal 2.1.3: Companies are encouraged to comment on the following:
A. Adopt TP_2_1_3 to TS 38.214 Clause 6.1.2.1
B. RAN1 conclusion: Do no pursue TP_2_1_3 to TS 38.214 Clause 6.1.2.1 due to no consensus in RAN1[bookmark: _Hlk209628447]TP_2_1_3 to TS 38.214 Clause 6.1.2.1
· Reason for change: Phase continuity and power consistency may not be maintained when inter-slot OCC and DMRS bundling are enabled at the same time and the length of NTDW is not integer multiple of OCC length.
· Summary of Change: The length of NTDW should be an integer multiple of OCC length.
· Consequences if not approved: Orthogonality between UEs may not be preserved.

6.1.2.1	Resource allocation in time domain
*** Unchanged parts are omitted ***
For a PUSCH transmission with repetition Type A and with OCC operation enabled, an OCC group is defined by Locc consecutive PUSCH repetitions and the integer number of OCC groups M is determined as M=K/Locc OCC group m includes PUSCH repetition m x Locc, m x Locc+1, .., (m+1) x Locc-1, where m=0,1, .., M-1, where repetition i within the OCC group will be multiplied with the OCC factor wi, where i is the repetition index within the OCC group. The OCC factor is for each repetition index i, based on the orthogonal sequence  defined in Table 6.3.2.5A-1 and Table 6.3.2.5A-2 of [4, TS 38.211], where the sequence index n is derived from the Antenna ports field in the DCI format scheduling the transmission for PUSCH or activating configured grant Type 2 PUSCH according to [5, TS 38.212], or provided by OCCsequenceIndexCGType1-r19 for configured grant Type 1 PUSCH, and provided for actual transmission according to clause 6.3.1.2a in [4, TS 38.211], where i=0,1 for OCC length 2 and i=0,1,2,3 for OCC length 4. When OCC operation is enabled together with DMRS bundling, UE is expected to be configured with pusch-TimeDomainWindowLength which is integer multiple of Locc.
*** Unchanged parts are omitted ***




Companies are encouraged to provide comments on TP_2_1_3 in the table below:
	Companies
	Comments

	Samsung
	Do not support the TP.
It is entirely a NW implementation issue. The UE does not care and there is no problem with the specifications.

	Vivo1
	Same view as Samsung

	CATT 
	Same view with Samsung

	Ericsson
	Support option A. The UE behavior is unclear if this condition is not fulfilled.

	Panasonic
	Support the TP. 

	
	

	
	

	
	

	
	

	
	



2.1.4 TP_2_1_4 to TS 38.214 Clause 6.1.2.1

RAN1#122bs made the below agreement

	Agreement
Endorse TP_2_1_5 from section 2.1 of R1-2507990 for TS 38.211 Clause 6.2.

	6.2	Physical resources
<Unchanged text omitted>
If inter-slot OCC is applied to PUSCH as described in clause 6.1.2.1 of [6, 38.214], the UE transmission shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed if the two symbols are transmitted on slots within the same orthogonal cover code and the conditions listed in clause 6.4.2.3 of [16, 38.101-5] are fulfilled.
<Unchanged text omitted>



DoCoMo discussed UE behavior when the conditions in the RAN4 spec are not fulfilled, though the below TP was agreed in a previous RAN1 meeting. If the conditions cannot be fulfilled, for example, if TA update is applied within an OCC group, DoCoMo proposed in TP_2_1_4 that the OCC group should be dropped.


Moderator view: This clarification in the specifications is consistent with RAN1 specifications in TS 38.211 Clause 6.2  referring to the conditions listed in clause 6.4.2.3 of [16, 38.101-5] and seems helpful to clarify UE behaviour if those conditions cannot be fulfilled. It has been discussed in previous meetings. Companies are encouraged to comment on whether to support TP_2_1_4 to TS 38.214 Clause 6.1.2.1

Proposal 2.1.4: Companies are encouraged to comment on the following:
A. Adopt TP_2_1_4 to TS 38.214 Clause 6.1.2.1
B. RAN1 conclusion: Do no pursue TP_2_1_4 to TS 38.214 Clause 6.1.2.1 due to no consensus in RAN1


	TP_2_1_4 to TS 38.214 Clause 6.1.2.1
Reason for change:	The phase continuity and power consistency should be maintained within one OCC group based on certain conditions; otherwise, the transmissions should not be performed to avoid inter-UE interference.
	
Summary of change: If the conditions listed in clause 6.4.2.3 of [16, 38.101-5] are NOT fulfilled, the OCC group are dropped. 
	
Consequences if not approved: UEs may transmit PUSCH repetitions whose OCC orthogonality is broken, leading to inefficient use of radio resources.

[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338][bookmark: _Toc36645568][bookmark: _Toc45810613][bookmark: _Toc208949261][bookmark: _Toc208951222]6.1.2.1	Resource allocation in time domain
<Unchanged parts omitted>
The UE shall maintain power consistency and phase continuity within an OCC group of PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1, or 0_2, or PUSCH repetition Type A with a configured grant if the conditions listed in clause 6.4.2.3 of [22, 38.101-5] are fulfilled; otherwise, PUSCH transmissions within the OCC group are dropped.
<Unchanged parts omitted>




	Companies
	Comments

	Samsung
	Do not support the TP.
Network should ensure the conditions are met.

	Vivo1
	Fine with the change, network may not always guarantee the conditions.

	CATT
	Option B

	Ericsson
	Option B

	Panasonic
	Support the TP. It is necessary to clarify the UE behavior if the condition is not met. 

	
	

	
	

	
	

	
	

	
	




2.2 TPs for CSI reference resource
2.2.1 TP_2_2_1 to TS 38.213 Clause 5.2.2.5
The following agreement was made in RAN1#123 meeting.
	
Agreement: 
The following TP is endorsed in Pricipal for TS 38.214 Clause 5.2.2.5 
	Reason for change:
	When a CSI report is transmitted in an OCC group, the CSI reference resource should be defined relative to the first slot in the OCC group.

	Summary of change:
	The CSI reference resource is defined relative to the first slot in the OCC group.

	Consequences if not approved:
	The UE may not be able to fulfill the timeline requirements for generating a CSI report.

	5.2.2.5	CSI reference resource definition
<unchanged text omitted>
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
· In the time domain, the CSI reference resource for a CSI reporting in uplink slot n', or a CSI reporting in an OCC group starting in uplink slot n' if OCC is enabled,  is defined by a single downlink slot , where  is a parameter configured by higher layer as specified in clause 4.2 of [6, TS 38.213], and where is the subcarrier spacing configuration for  with a value of 0 for frequency range 1 and for FR2-NTN, 
< unchanged text omitted >








Samsung proposed to clarify further the UL channels for transmitting the CSI report for determining the CSI reference resource in TP_2_2_1 to TS 38.213 Clause 5.2.2.5. The current specification of TS 38.214 as agreed in RAN1#123 is not clear and misleading because it only clarifies for PUSCH with inter slot OCC, as a result, it might be misunderstood that the UE behaviour for PUCCH repetitions and PUSCH repetitions are different. Besides, when overlapping with other UL channels, UE may perform UCI multiplexing, then it is unclear whether the CSI reference resource is determined before or after resolving the overlapping channels.
Moderator view: This further clarification in RAN1 specifications in TS 38.214 Clause 5.2.2.5 CSI reference resource definition can be discussed. Companies are encouraged to comment on whether to support TP_2_2_1 to TS 38.214 Clause 5.2.2.5

Proposal 2.2.1: Companies are encouraged to comment on whether to adopt TP_2_2_1 to TS 38.214 Clause 5.2.2.5
	TP_2_2_1 to TS 38.214 Clause 5.2.2.5

	Reason for change:
	The current specification of TS 38.214 is not clear and misleading because it only clarifies for PUSCH with inter slot OCC, as a result, it might be misunderstood that the UE behaviour for PUCCH repetitions and PUSCH repetitions are different. Besides, when overlapping with other UL channels, UE may perform UCI multiplexing, then it is unclear whether the CSI reference resource is determined before or after resolving the overlapping channels.

	Summary of change:
	Clarify the UL channels for transmitting the CSI report for determining the CSI reference resource.

	Consequences if not approved:
	Unclear UE behaviour.

	5.2.2.5	CSI reference resource definition
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
-	In the time domain, the CSI reference resource for a CSI reporting in uplink slot n', or a CSI reporting in an OCC group starting in uplink slot n' if OCC is enabled, is defined by a single downlink slot , where  is a parameter configured by higher layer as specified in clause 4.2 of [6, TS 38.213], and where is the subcarrier spacing configuration for  with a value of 0 for frequency range 1 and for FR2-NTN,
-	where [image: ]  and [image: ] and [image: ] are the subcarrier spacing configurations for DL and UL, respectively, and  and [image: ] are determined by higher-layer configured ca-SlotOffset for the cells transmitting the uplink and downlink, as defined in clause 4.5 of [4, TS 38.211], the uplink slot n' includes a PUCCH or PUSCH with the CSI reporting after resolving the overlapping PUCCHs and PUSCHs, if any, as described in clause 9 of TS 38. 213 [6], where the PUCCH or PUSCH with the CSI reporting is 
-	the PUCCH or PUSCH transmission without repetitions, or,
-  	the first PUCCH repetition, or,
- 	the PUSCH repetition if OCC operation is not enabled, or
- 	the first PUSCH repetition in an OCC group if OCC operation is enabled.
-	where for periodic and semi-persistent CSI reporting
-	if a single CSI-RS/SSB resource is configured for channel measurement nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
-	if multiple CSI-RS/SSB resources are configured for channel measurement nCSI_ref is the smallest value greater than or equal to [image: ], such that it corresponds to a valid downlink slot. If a CSI-ReportConfig is configured with the higher layer parameter codebookType set to 'typeI-SinglePanel-r19', with total number of CSI-RS ports , for capability 2, as reported by UE capability indication, nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot.
-	where for aperiodic CSI reporting and for CSI reporting with CSI-ReportConfig with eventType and with reportTransmissionMode set to ‘ModeA’, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCSI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCSI_ref is the smallest value greater than or equal to [image: ], such that slot n- nCSI_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in Clause 5.4.
-	where for CSI reporting with CSI-ReportConfig with eventType and with reportTransmissionMode set to ‘ModeB’, nCSI_ref is the smallest value greater than or equal to [image: ], such that slot n- nCSI_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in Clause 5.4.
-	when periodic or semi-persistent CSI-RS/CSI-IM or SSB is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM/SSB whose last OFDM symbol is received up to Z' symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.
< unchanged text omitted >





Companies are encouraged to provide comments on TP_2_2_1 in the table below:
	Companies
	Comments

	Samsung
	Support

	Vivo1
	fine

	CATT
	In our view, current specification is clear, no change is needed.

	Ericsson
	Same view as CATT

	
	

	
	

	
	

	
	

	
	

	
	







2.3 TP for UCI multiplexing
2.3.1 TP_2_3_1 to TS 38.213 Clause 9
DoCoMo, Samsung proposed UE drops all the PUSCH repetitions in an OCC group, if the conditions are met, before multiplexing UCI in the PUSCH when enabled with inter-slot OCC in TP_2_3_1 to TS 38.213 Clause 9. An example is shown in Figure 1, in slot 0 UE determines to multiplex HARQ-ACK in the PUSCH but in slot 1 UE determines to drop the CG PUSCH. To avoid UCI dropping, a simple solution could be UE drops all the PUSCH repetitions in an OCC group first before multiplexing UCI in the PUSCH.

[image: ]
[Samsung] Figure 1

Moderator view: This clarification in the specifications is consistent with RAN1 specifications in TS 38.214 Clause 6.1.2.1 and seems helpful to clarify UE behaviour. It has been discussed in previous meetings. Companies are encouraged to comment on whether to support TP_2_3_1 to TS 38.213 Clause 9

Proposal 2.3.1: Companies are encouraged to comment on the following:
1. Adopt TP_2_3_1 to TS 38.213 Clause 9
1. RAN1 conclusion: Do no pursue TP_2_3_1 to TS 38.213 Clause 9 due to no consensus in RAN1

	TP_2_3_1 to TS 38.213 Clause 9

	· Reason for change: For a UE enabled with inter-slot OCC operation, UE behaviour is not clear in case where a UE may determine to do multiplexing UCI in the PUSCH in a first slot and determine to drop the PUSCH in the second slot of a same OCC group.
· [bookmark: _Hlk207457174]Summary of change: UE drops all the PUSCH repetitions in an OCC group before multiplexing UCI in the PUSCH when enabled with inter-slot OCC.
· Consequences if not approved: Unclear UE behaviour

	9	UE procedure for reporting control information
*** Unchanged parts are omitted ***
For the remaining of this clause, for a UE operating on an NTN serving cell, the timeline conditions for resolving time overlapping between a PUSCH transmission with repetitions in an OCC group [6, TS 38.214] and PUCCH transmissions are applicable with respect to the first repetition of the PUSCH transmission in the OCC group 
-	if the UE would multiplex UCI from the PUCCH transmissions in the PUSCH which would not be dropped as described in clause 6.1.2.1 [6, TS 38.214], the UE multiplexes the UCI in all repetitions of the PUSCH transmission in the OCC group
-	if the UE would not transmit a repetition of the PUSCH transmission, the UE does not transmit all repetitions of the PUSCH transmission in the OCC group
-	the UE does not expect to transmit in different slots more than one PUCCHs that provide HARQ-ACK information or CSI reports and would overlap with the PUSCH transmission in the OCC group
*** Unchanged parts are omitted ***




Companies are encouraged to provide comments on TP_2_3_1 in the table below:
	Companies
	Comments

	Samsung
	Support.
The TP is our contribution is updated with highlighted yellow text as below.
9	UE procedure for reporting control information
*** Unchanged parts are omitted ***
For the remaining of this clause, for a UE operating on an NTN serving cell, the timeline conditions for resolving time overlapping between a PUSCH transmission with repetitions in an OCC group [6, TS 38.214] and PUCCH transmissions are applicable with respect to the first repetition of the PUSCH transmission in the OCC group 
-	if the UE would multiplex UCI from the PUCCH transmissions in the PUSCH which would not be dropped as described in the remaining of this clause or in clause 6.1.2.1 of [6, TS 38.214], the UE multiplexes the UCI in all repetitions of the PUSCH transmission in the OCC group
-	if the UE would not transmit a repetition of the PUSCH transmission, the UE does not transmit all repetitions of the PUSCH transmission in the OCC group
-	the UE does not expect to transmit in different slots more than one PUCCHs that provide HARQ-ACK information or CSI reports and would overlap with the PUSCH transmission in the OCC group
[bookmark: OLE_LINK1]*** Unchanged parts are omitted ***

	CATT
	Support it

	Ericsson
	Ok

	Panasonic
	Support the TP. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





2.4 Other Aspects

2.4.1 TP_2_4_1 to TS 38.211 Clause 6.3.1.2a

Nokia observed that RAN1 only agreed to specify Orthogonal Cover Codes (OCC) for DFT-s-OFDM PUSCH at least for multiplexing 2 or 4 UEs when PUSCH repetitions are used, and proposed a TP for limitation of OCC to DFT-s-OFDM  to TS 38.211 Clause 6.3.1.2a.  The moderator agrees with Nokia TP.

Moderator view: This clarification in the specifications was discussed in previous meetings without consensus. Companies are encouraged to comment on whether to support TP_2_4_1 to TS 38.211 Clause 6.3.1.2a or conclude no consensus

Proposal 2.1.1 Companies are encouraged to comment on the following:
A. Adopt TP_2_4_1 to TS 38.211 Clause 6.3.1.2a
B. RAN1 conclusion: Do no pursue TP_2_4_1 to TS 38.211 Clause 6.3.1.2a due to no consensus in RAN1

[bookmark: _Toc201674204]TP_2_4_1 to TS 38.211 Clause 6.3.1.2a
Reason for change: The WID explicitly limited the OCC operation to DFT-s-OFDM (transform precoding), and hence this also needs to be reflected in specifications.
Consequence if not approved: Objectives from the WID are not correctly reflected in specifications.
Summary of change:
6.3.1.2a	Inter-slot cover code
The block of complex-valued modulation symbols  shall be multiplied with the quantity  to form the block of complex-valued modulation symbols .
If the UE transmits PUSCH using repetition type A with OCC and if transform precoding is enabled
-	the quantity  is obtained according to clause 6.1.2.1 of [6, 38.214];
otherwise,
-	.
<Unchanged text omitted>



Companies are encouraged to provide comments on TP_2_4_1 in the table below:
	Companies
	Comments

	Samsung
	Do not support the TP.
Not essential and the UE feature TS (TS 38.306) captures such limitations – no need for duplicate specifications. 

	Vivo1
	Same view as Samsung

	CATT
	Not need it

	Ericsson
	Same view as Samsung.

	
	

	
	

	
	

	
	

	
	

	
	






2.4.2 TP_2_4_2 to TS 38.214 Clause 6.1.2.1 
Nokia observed that RAN1 only agreed to specify Orthogonal Cover Codes (OCC) for DFT-s-OFDM PUSCH at least for multiplexing 2 or 4 UEs when PUSCH repetitions are used, and proposed a TP for limitation of OCC to DFT-s-OFDM  to TS 38.211 Clause 6.3.1.2a.  The moderator agrees with Nokia TP.

Moderator view: This clarification in the specifications was discussed in previous meetings without consensus. Companies are encouraged to comment on whether to support TP_2_4_2 to TS 38.214 Clause 6.1.2.1 or conclude no consensus

Proposal 2.1.1 Companies are encouraged to comment on the following:
1. Adopt TP_2_4_2 to TS 38.214 Clause 6.1.2.1
1. RAN1 conclusion: Do no pursue TP_2_4_2 to TS 38.214 Clause 6.1.2.1 due to no consensus in RAN1
	TP_2_4_2 to TS 38.214 Clause 6.1.2.1

	Reason for change:
	The WID explicitly limited the OCC operation to DFT-s-OFDM (transform precoding), and hence this also needs to be reflected in specifications.

	Summary of change:
	Add “if transform precoding is enabled”

	Consequences if not approved:
	Objectives from the WID are not correctly reflected in specifications.

	6.1.2.1	Resource allocation in time domain
<unchanged text omitted>
For a PUSCH transmission with repetition Type A, a UE considers OCC operation enabled if transform precoding is enabled, and if the UEit is configured with or indicated an OCC length, LOCC > 1.
<unchanged text omitted>



Companies are encouraged to provide comments on TP_2_4_2 in the table below:
	Companies
	Comments

	Samsung
	Do not support the TP.
Not essential and the UE feature TS (TS 38.306) captures such limitations – no need for duplicate specifications. 

	Vivo1
	Not essential

	CATT
	Not need it

	Ericsson
	Same view as Samsung.

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2.4.3 TP_2_4_3 to TS 38.214 Clause 6.2.3 
Qualcomm proposed if the UE is scheduled to transmit PUSCH with OCC, PT-RS is not present in the PUSCH, and proposed a TP to TS 38.214 Clause 6.2.3 accordingly. The specification impact of OCC on PT-RS has been overlooked in the previous meetings. Although typically used in FR2, RAN1 specifications allow usage of PT-RS regardless of the frequency range and, therefore, may be enabled in FR1 NTN. We believe that RAN1 should not specify the joint operation of PT-RS and OCC due to the following reasons:
· Technically, PT-RS is designed for channels in which the phase changes symbol by symbol, requiring estimation of this phase variation. If the channel phase changes very rapidly across symbols, inter-slot OCC will suffer from loss of orthogonality and, therefore, should not be enabled.
· From specification and implementation complexity point of view, enabling PT-RS (while keeping orthogonality across UEs using OCC) would be challenging, with RAN1 needing to discuss aspects such as whether PT-RS is OCC’d across slots.

Moderator view: This issue was discussed in previous meetings. It seems necessary to clarify that PT-RS is not present when OCC is enabled. From specification and implementation complexity point of view, enabling PT-RS (while keeping orthogonality across UEs using OCC) would be challenging, with RAN1 needing to discuss aspects such as whether PT-RS is OCC’d across slots

Proposal 2.4.3: Adopt TP_2_4_3 to TS 38.214 Clause 6.2.3
TP_2_4_3 to TS 38.214 Clause 6.2.3
Reason for change: Current specifications do not clarify PT-RS compatibility with OCC. If we follow the current specifications, the PT-RS between multiple UEs will not be orthogonal.
Summary of change: Clarify that PT-RS is not present when OCC is enabled.
Consequences if not approved: Reduced performance due to non-orthogonality of PT-RS.  
<TP 1, 38.214>
[bookmark: _Toc11352162][bookmark: _Toc27299950][bookmark: _Toc29673225][bookmark: _Toc29673366][bookmark: _Toc20318052][bookmark: _Toc29674359][bookmark: _Toc202190820][bookmark: _Toc36645589][bookmark: _Toc45810638]6.2.3	UE PT-RS transmission procedure
[bookmark: _Hlk25883463]The procedures on PT-RS transmission described in this clause as well as clauses 6.2.3.1 and 6.2.3.2 apply to a UE PUSCH transmission scheduled by DCI format 0_2 if the higher layer parameter phaseTrackingRS in dmrs-UplinkForPUSCH-MappingTypeA-DCI-0-2 or dmrs-UplinkForPUSCH-MappingTypeB-DCI-0-2 is configured, to PUSCH transmissions scheduled by DCI format 0_0, 0_1 or 0_3 if the higher layer parameter phaseTrackingRS in dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB is configured and PUSCH transmissions corresponding to a configured grant if the higher layer parameter phaseTrackingRS in cg-DMRS-Configuration is configured. If a UE is not configured with the higher layer parameter phaseTrackingRS in the respective DMRS-UplinkConfig, the UE shall not transmit PT-RS. For a PUSCH transmission with repetition type A and with OCC operation enabled, the UE shall not transmit PT-RS. The PT-RS is only present on PUSCH scheduled by PDCCH with CRC scrambled by MCS-C-RNTI, C-RNTI, CS-RNTI, SP-CSI-RNTI and on PUSCH corresponding to a configured grant. For PUSCH repetition Type B, the PT-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition.
</TP 1, 38.214>



Companies are encouraged to provide comments on TP_2_4_2 in the table below:
	Companies
	Comments

	CATT
	This issue has been discussed with several times, not need it.

	Ericsson
	Support

	Panasonic
	Combination of OCC PUSCH and PT-RS should not be configured. We prefer a text like “UE may expect no PT-RS configuration when OCC is configured.” 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




2.4.4 TP_2_4_4 to TS 36.213 Clause 9
DoCoMo proposed TP for Alignment between Rel-18 TEI and overlap issues of PUSCH repetitions with OCC
Regarding handling of overlap between PUCCH and inter-slot OCC with PUSCH repetitions for special case should be considered. In Rel-18 TEI, the following situation is allowed as shown in TS38.213, which was prohibited until Rel-17.
· A UE receives a UL grant to schedule PUSCH repetitions.
· After the RX of the UL grant, the UE receives a DL assignment scheduling a PUCCH for HARQ-ACK.
· The PUCCH can be overlapped with any of the PUSCH repetitions that will result in the HARQ-ACK multiplexing on the overlapped repetition, except for the first PUSCH repetition.

[image: ]
Fig.4: Scheduling allowed in R18 TEI.
DoCoMo proposed for the scheduling order supported in R18 TEI, PUCCH can be overlapped with a PUSCH repetition within other than the first OCC group, i.e., HARQ-ACK multiplexing on the first repetition is prohibited. A TP to TS 36.213 Clause 9 is proposed accordingly as copied in TP_2_4_4.

Moderator view: The proposed TP_2_4_4 from DoCoMo is helpful clarification of UE behaviour for Rel-18 TEI, HARQ-ACK. It was proposed in previous meeting with good support from companies but not agreed due to lack of time.

Proposal 2.4.4: Adopt TP_2_4_4 to TS 38.214 Clause 9

	TP_2_4_4 to TS 38.214 Clause 9

	Reason for change:
	In Rel-18 TEI, HARQ-ACK cannot be multiplexed on the first PUSCH repetition. However, in R19 NR NTN, UCI will be multiplexed on the first repetition even if the PUCCH is overlapped with a repetition within the first OCC group that is not the first repetition. Therefore, whether PUCCH overlapping with the first OCC group is allowed in the R18 TEI case or not should be clarified.

	
	

	Summary of change:
	For the scheduling order supported in R18 TEI, PUCCH can be overlapped with a PUSCH repetition within other than the first OCC group.

	
	

	Consequences if not approved:
	Ambiguity and unclear UE behaviour on whether PUCCH overlapping with the first OCC group is allowed in the R18 TEI case



9	UE procedure for reporting control information
<Unchanged parts omitted>
If a UE 
-	is provided enableType1HARQ-ACK-MuxForDL-AssignmentAfterUL-Grant, or enableType2HARQ-ACK-MuxForDL-AssignmentAfterUL-Grant, or enableType3HARQ-ACK-MuxForDL-AssignmentAfterUL-Grant, and 
-	is not provided uci-MuxWithDiffPrio, and
-	transmits a repetition of a PUSCH transmission in a slot other than a first repetition, or other than repetitions within the first OCC group when OCC operation is enabled
the UE includes, in a HARQ-ACK codebook, HARQ-ACK information associated with a PDSCH reception scheduled by a first DCI format, in a first PDCCH monitoring occasion, indicating a first resource for a first PUCCH transmission in the slot, when
-	the first resource overlaps with the repetition of the PUSCH transmission
-	the PUSCH transmission is scheduled by a second DCI format in a second PDCCH monitoring occasion, and
-	the UE multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot, and
-	the timeline conditions in clause 9.2.3 for PUCCH resource determination and the timeline conditions of  and  for multiplexing the HARQ-ACK information in the PUSCH, as described in clause 9.2.5, are satisfied, 
<Unchanged parts omitted>



Companies are encouraged to provide comments on TP_2_4_4 in the table below:
	Companies
	Comments

	Samsung
	Not support.
The intention of the TP is not clear, current spec works fine.

	CATT
	NOT support

	Ericsson
	Support

	Panasonic
	Support

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2.4.5 TP_2_4_5 to TS 38.211 Clause 6.2
Xiaomi proposed Adopt TP#3 for TS 38.211 Clause 6.2 as an alignment CR for the concept of OCC group.

Moderator view: Alignment CR can be agreeable.

Proposal 2.4.5: TP_2_4_5 for TS 38.211 Clause 6.2 as an alignment CR for the concept of OCC group
	TP_2_4_5 to TS 38.211 Clause 6.2
6.2	Physical resources
*** unchanged part omitted***
If inter-slot OCC is applied to PUSCH as described in clause 6.1.2.1 of [6, 38.214], the UE transmission shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed if the two symbols are transmitted on slots within the same orthogonal cover code OCC group and the conditions listed in clause 6.4.2.3 of [16, 38.101-5] are fulfilled.
*** unchanged part omitted***



	Companies
	Comments

	CATT
	Support it

	Ericsson
	Support

	Panasonic
	Support

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2.4.6 RV cycling
Xiaomi proposed to defer the RV for the follow-up OCC group(s) when OCC group(s) dropping is occurred.

Moderator view: This issue was for discussion in previous meeting. It is not clear what the impact on RAN1 specifications as there is no TP, and whether this is an enhancement or an essential issue that needs to be addressed in the maintenance phase. Proponents of this issue aree ncouraged to get more support from contributing companies.  
6 Proposals 
6.1 Proposals for First Online Sessions


7 Conclusions






8 Appendix A – RAN1 agreements

RAN1#123 agreements
Agreement: 
The following TP is endorsed in Pricipal for TS 38.214 Clause 5.2.2.5 
	Reason for change:
	When a CSI report is transmitted in an OCC group, the CSI reference resource should be defined relative to the first slot in the OCC group.

	Summary of change:
	The CSI reference resource is defined relative to the first slot in the OCC group.

	Consequences if not approved:
	The UE may not be able to fulfill the timeline requirements for generating a CSI report.

	5.2.2.5    CSI reference resource definition
<unchanged text omitted>
The CSI reference resource for a serving cell is defined as follows:
-    In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
· In the time domain, the CSI reference resource for a CSI reporting in uplink slot n', or a CSI reporting in an OCC group starting in uplink slot n' if OCC is enabled,  is defined by a single downlink slot 
[image: ]
, where 
[image: ]
 is a parameter configured by higher layer as specified in clause 4.2 of [6, TS 38.213], and where 
[image: ]
is the subcarrier spacing configuration for 
[image: ]
 with a value of 0 for frequency range 1 and for FR2-NTN, 
< unchanged text omitted >


 


RAN1#122bis agreements


OCC sequence index derived from DCI:
Agreement
TP_2_4_2 in section 2.4 of R1-2507989 is endorsed for TS 38.214 Clause 6.1.2.1.

Phase continuity and power consistency:

	Agreement
Endorse TP_2_1_5 from section 2.1 of R1-2507990 for TS 38.211 Clause 6.2.

	6.2	Physical resources
<Unchanged text omitted>
If inter-slot OCC is applied to PUSCH as described in clause 6.1.2.1 of [6, 38.214], the UE transmission shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed if the two symbols are transmitted on slots within the same orthogonal cover code and the conditions listed in clause 6.4.2.3 of [16, 38.101-5] are fulfilled.
<Unchanged text omitted>



RAN1#122 agreements
Agreement
Endorse the TP below for TS38.214 to support RV cycling and determine the initial transmission for CG-PUSCH when applying inter-slot OCC.

	Reason for change:
	RV cycling for CG-PUSCH with inter-slot OCC is not defined; How to determine the first transmission occasion of CG-PUSCH is not defined when applying inter-slot OCC.

	Summary of Change:
	: Clarify that RV is still counted when PUSCH repetitions in a OCC group are dropped; The initial transmission occasion of CG-PUSCH should satisfy n mod L_OCC = 1 when applying inter slot OCC.

	Consequences if not approved:
	RV cycling for CG-PUSCH with inter-slot OCC is not complete.




-------------------- Start of TP#1 for 38.214 V19.0.0 --------------------
6.1.2.3.1 Transport Block repetition for uplink transmissions of PUSCH repetition Type A with a configured grant
*** Unchanged parts are omitted ***
The higher layer parameter repK-RV defines the redundancy version pattern to be applied to the repetitions. If cg-RetransmissionTimer is provided, the redundancy version for uplink transmission with a configured grant is determined by the UE. If the parameter repK-RV is not provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, the redundancy version for uplink transmissions with a configured grant shall be set to 0. If the parameter repK-RV is provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided and OCC operation is not enabled, for the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(((n-mod(n, N))/N)-1,4)+1)th value in the configured RV sequence, where N=1. When OCC operation is enabled, if the parameter repK-RV is provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, for the transmission occasions in the mth OCC group, m=1,…., these are associated with ((m-1)mod4+1)th value in the configured RV sequence. If a configured grant configuration is configured with startingFromRV0 set to 'off', the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions. Otherwise, the initial transmission of a transport block may start at 
-	the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
-	any of the transmission occasions of the K repetitions that are associated with RV=0 when OCC operation is not enabled, or any of the transmission occasions of the K repetitions that are associated with RV=0 and satisfy n mod LOCC=1 when OCC operation is enabled, if the configured RV sequence is {0,3,0,3},
-	any of the transmission occasions of the K repetitions when OCC operation is not enabled, or any of the transmission occasions of the K repetitions that satisfy n mod LOCC=1 when OCC operation is enabled, if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K≥8. 
*** Unchanged parts are omitted ***
-------------------- End of TP#1 for 38.214 V19.0.0 --------------------



Agreement
Endorse TP (copied from Apple R1-2505889) in R1-2506432 Section 11 to remove the brackets for [OCC group] in TS 38.214 Clause 6.1.2.1 and 6.1.2.3.1.

Agreement
Endorse TP#2 (Panasonic R1-2505976) in R1-2506432 Section 11 to revised first sentence and remove square brackets for OCC group in TS 38.214 Clause 6.1.2.3.1.


Agreement
Endorse TP (copied from ZTE R1-2505502) in R1-2506432 Section 11  for TS 38.211 Clause 6.2 to replace the placeholder “XXX” in the cross-reference to TS 38.214 with the correct clause number 6.1.2.1, ensuring accurate linkage between specifications.

Agreement
Endorse revised TP_v1 (copied from CATT R1-2505317) for TS 38.214 Clause 6.1.2.1 in R1-2506432.

Agreement
The following TP is endorsed for 38.214 Clause 6.1.2.1
	Reason for change:
	When one or more repetitions of a PUSCH repetition with OCC are dropped, the remaining repetitions in the same OCC group lose the OCC orthogonality. The current specification does not prohibit the UE from transmitting those remaining repetitions when the drop occurs due to other than PUCCH overlap.

	Summary of change:
	Introduce a UE behavior in clause 6.1.2.1 of TS 38.214, which is a similar manner to PUSCH drop due to PUCCH overlap, that, if the UE would not transmit a repetition of the PUSCH transmission with repetition Type A with OCC operation enabled due to other than PUCCH overlap, the UE does not transmit all repetitions of the PUSCH transmission in the OCC group.

	Consequences if not approved:
	UEs may transmit PUSCH repetitions whose OCC orthogonality is broken, leading to inefficient use of radio resources.



6.1.2.1	Resource allocation in time domain
==omitted==
For a PUSCH transmission with repetition Type A, a UE considers OCC operation enabled if it is configured with or indicated an OCC length, LOCC > 1.
For a PUSCH transmission with repetition Type A and with OCC operation enabled, an OCC group is defined by Locc consecutive PUSCH repetitions and the integer number of OCC groups M is determined as M=K/Locc OCC group m includes PUSCH repetition m x Locc, m x Locc+1, .., (m+1) x Locc-1, where m=0,1, .., M-1, where repetition i within the OCC group will be multiplied with the OCC factor wi, where i is the repetition index within the OCC group. The OCC factor is for each repetition index i, based on the orthogonal sequence  defined in Table 6.3.2.5A-1 and Table 6.3.2.5A-2 of [4, TS 38.211], where the sequence index n is derived from the DCI format scheduling the transmission for PUSCH or configured grant Type 2 PUSCH according to [5, TS 38.212, antenna port mapping to sequence], or provided by OCCsequenceIndexCGType1-r19 for configured grant Type 1 PUSCH, and provided for actual transmission according to clause 6.3.1.2a in [4, TS 38.211], where i=0,1 for OCC length 2 and i=0,1,2,3 for OCC length 4. 
If a UE would not transmit a PUSCH repetition of an OCC group of a PUSCH transmission with repetition Type A and with OCC operation enabled due to cell DRX operation, or due to overlapping with another PUSCH in the same serving cell, or according to Clause 17.2 of [6, TS 38.213], the UE does not transmit any repetition of the OCC group. The corresponding timeline conditions for determining the OCC group dropping are applicable with respect to the first repetition of the PUSCH transmission in the OCC group.

==omitted==





RAN1#121 agreements
[bookmark: OLE_LINK112]Agreement
RAN1 assumes that the UE is required to maintain phase continuity and power consistency for the duration of one OCC group with PUSCH.
· FFS: under which conditions the above applies, e.g. under the same conditions that phase continuity applies for DMRS bundling

[bookmark: OLE_LINK80]Agreement
Send LS to RAN4 on requirements for the phase continuity and power consistency:

RAN1 has agreed the following:
· RAN1 assumes that the UE is required to maintain phase continuity and power consistency for the duration of one OCC group with PUSCH.
· FFS: under which conditions the above applies, e.g. under the same conditions that phase continuity applies for DMRS bundling 

RAN1 ask RAN4 whether the same phase continuity requirements as for DMRS bundling can be applied for OCC length 2 and/or OCC length 4 under the same conditions as for DMRS bundling, or if new requirements are needed.


Agreement
The draft LS in R1-2503070 is endorsed. Final LS is in R1-2503071.

[bookmark: OLE_LINK81]Agreement
OCC length and OCC sequence for OCC with CG PUSCH Type 1 is configured by RRC higher-layers.
 Up to RAN2 whether to signal this with one or two RRC parameters
 Note: OCC lengths and sequences to be provided in the table of RRC parameters to be prepared by the WI rapporteur

Agreement
For OCC with CG-PUSCH, the RV sequence applied across OCC groups is RRC configured among the RV sequences defined for legacy CG PUSCH, i.e., [0,2,3,1], [0,3,0,3] or [0,0,0,0].
 Note: no new RRC parameter is needed for the above
 FFS: if OCC group dropping is later agreed, how to count RVs may need to be discussed for that case


Agreement
For resolving the overlapping PUSCH repetitions with inter-slot OCC and PUCCH with/without repetitions, the legacy timeline conditions for UCI multiplexing or prioritization for dropping PUSCH [/ PUCCH] applies according with the following update:
· “the first PUSCH repetition of an OCC group” is used instead of “PUSCH repetition” for the legacy timeline condition, where the legacy PUSCH repetition that overlaps with a PUCCH belongs to the OCC group
Note: how to capture the above agreement is up to the spec editor.


Agreement
For the OCC length applied for OCC DG PUSCH and CG PUSCH Type 2, consider the following options:
· Option 1: Configured by RRC higher-layer parameter.
· Note: this does not preclude jointly configuring OCC sequence and OCC length with the same RRC configuration
· Option 2: Max value is configured by RRC higher-layer parameter, and the applied value is implicitly determined from the configured repetition number.
· Option 3: Candidates values are configured by RRC higher-layer parameter, and the applied value is indicated by scheduling DCI for DG PUSCH or by activation DCI for CG PUSCH Type 2.
· Note: this does not preclude jointly configuring OCC sequence and OCC length with the same RRC configuration
· Option 4: Single value is indicated by scheduling DCI for DG PUSCH and by activation DCI for CG PUSCH Type 2 (no RRC configuration of candidate values).
· Option 5: Max value is configured by RRC higher-layer parameter, and the applied value is indicated by scheduling DCI for DG PUSCH and by activation DCI for CG PUSCH Type 2.
Note: it is not precluded to select a different option for DG PUSCH and CG PUSCH Type 2.


Agreement
If PUCCH without repetitions overlaps with inter-slot OCC with any PUSCH repetitions in an OCC group with a same priority index for PUCCH/PUSCH, the legacy conditions and rules for UCI multiplexing or prioritization for dropping applies with the following updates:
· If the UCI is multiplexed on the PUSCH repetition according to legacy rules and the updated timeline conditions for UCI multiplexing are satisfied, UCI is multiplexed on all PUSCH repetitions without A-CSI reports within an OCC group with inter-slot OCC overlaps with the PUCCH. (Option 3-a)
· FFS: PUSCH repetition with A-CSI reports
· If the PUSCH repetition is dropped according to legacy rules and the updated timeline conditions for PUSCH dropping are satisfied, UCI is transmitted on PUCCH and all PUSCH repetitions within the OCC group that overlaps with the PUCCH are dropped (Option 2)
· FFS: if PUCCH is overlap with PUSCH repetition in both time and frequency domain.
· UE does not expect there are multiple PUCCHs without repetitions in different PUCCH slots with a same or different UCI types other than SR overlapping with multiple PUSCH repetitions in the same OCC group.
· FFS: whether the above applies only when at least one of the overlapping PUCCHs result in a UCI being multiplexed on the PUSCH
Note 1: If the UCI on the PUCCH is dropped according to legacy rules and [updated] timeline conditions for UCI dropping are satisfied, there is no [additional] spec impact. (Option 1)
Note 2: There can be multiple PUCCHs with same or different UCI types in the same slot (i.e. CSI report and HARQ-ACK) as in the legacy specifications

Working assumption 1: The above agreement applies to different priority indexes for PUCCH/PUSCH if no additional specification impact is identified.

Working assumption 2: The above agreement applies to PUCCH with repetitions if no additional specification impact is identified.

[bookmark: OLE_LINK86]Agreement
For the OCC sequence applied for OCC DG PUSCH and CG PUSCH Type 2, the sequence is indicated dynamically in DCI
· FFS: with a new field or reusing an existing field



RAN1#120bis agreements
Agreement
RAN1 assumes that the UE is required to maintain phase continuity and power consistency for the duration of one OCC group with PUSCH.
· FFS: under which conditions the above applies, e.g. under the same conditions that phase continuity applies for DMRS bundling

[bookmark: OLE_LINK420]Agreement
Send LS to RAN4 on requirements for the phase continuity and power consistency:
RAN1 has agreed the following:
· RAN1 assumes that the UE is required to maintain phase continuity and power consistency for the duration of one OCC group with PUSCH.
· FFS: under which conditions the above applies, e.g. under the same conditions that phase continuity applies for DMRS bundling 
RAN1 ask RAN4 whether the same phase continuity requirements as for DMRS bundling can be applied for OCC length 2 and/or OCC length 4 under the same conditions as for DMRS bundling, or if new requirements are needed.

Agreement
The draft LS in R1-2503070 is endorsed. Final LS is in R1-2503071.

Agreement
OCC length and OCC sequence for OCC with CG PUSCH Type 1 is configured by RRC higher-layers.
 Up to RAN2 whether to signal this with one or two RRC parameters
 Note: OCC lengths and sequences to be provided in the table of RRC parameters to be prepared by the WI rapporteur

Agreement
For OCC with CG-PUSCH, the RV sequence applied across OCC groups is RRC configured among the RV sequences defined for legacy CG PUSCH, i.e., [0,2,3,1], [0,3,0,3] or [0,0,0,0].
 Note: no new RRC parameter is needed for the above
 FFS: if OCC group dropping is later agreed, how to count RVs may need to be discussed for that case

Agreement
For resolving the overlapping PUSCH repetitions with inter-slot OCC and PUCCH with/without repetitions, the legacy timeline conditions for UCI multiplexing or prioritization for dropping PUSCH [/ PUCCH] applies according with the following update:
· “the first PUSCH repetition of an OCC group” is used instead of “PUSCH repetition” for the legacy timeline condition, where the legacy PUSCH repetition that overlaps with a PUCCH belongs to the OCC group
Note: how to capture the above agreement is up to the spec editor.

Agreement
For the OCC length applied for OCC DG PUSCH and CG PUSCH Type 2, consider the following options:
· Option 1: Configured by RRC higher-layer parameter.
· Note: this does not preclude jointly configuring OCC sequence and OCC length with the same RRC configuration
· Option 2: Max value is configured by RRC higher-layer parameter, and the applied value is implicitly determined from the configured repetition number.
· Option 3: Candidates values are configured by RRC higher-layer parameter, and the applied value is indicated by scheduling DCI for DG PUSCH or by activation DCI for CG PUSCH Type 2.
· Note: this does not preclude jointly configuring OCC sequence and OCC length with the same RRC configuration
· Option 4: Single value is indicated by scheduling DCI for DG PUSCH and by activation DCI for CG PUSCH Type 2 (no RRC configuration of candidate values).
· Option 5: Max value is configured by RRC higher-layer parameter, and the applied value is indicated by scheduling DCI for DG PUSCH and by activation DCI for CG PUSCH Type 2.
Note: it is not precluded to select a different option for DG PUSCH and CG PUSCH Type 2.

Agreement
If PUCCH without repetitions overlaps with inter-slot OCC with any PUSCH repetitions in an OCC group with a same priority index for PUCCH/PUSCH, the legacy conditions and rules for UCI multiplexing or prioritization for dropping applies with the following updates:
· If the UCI is multiplexed on the PUSCH repetition according to legacy rules and the updated timeline conditions for UCI multiplexing are satisfied, UCI is multiplexed on all PUSCH repetitions without A-CSI reports within an OCC group with inter-slot OCC overlaps with the PUCCH. (Option 3-a)
· FFS: PUSCH repetition with A-CSI reports
· If the PUSCH repetition is dropped according to legacy rules and the updated timeline conditions for PUSCH dropping are satisfied, UCI is transmitted on PUCCH and all PUSCH repetitions within the OCC group that overlaps with the PUCCH are dropped (Option 2)
· FFS: if PUCCH is overlap with PUSCH repetition in both time and frequency domain.
· UE does not expect there are multiple PUCCHs without repetitions in different PUCCH slots with a same or different UCI types other than SR overlapping with multiple PUSCH repetitions in the same OCC group.
· FFS: whether the above applies only when at least one of the overlapping PUCCHs result in a UCI being multiplexed on the PUSCH
Note 1: If the UCI on the PUCCH is dropped according to legacy rules and [updated] timeline conditions for UCI dropping are satisfied, there is no [additional] spec impact. (Option 1)
Note 2: There can be multiple PUCCHs with same or different UCI types in the same slot (i.e. CSI report and HARQ-ACK) as in the legacy specifications

Working assumption 1: The above agreement applies to different priority indexes for PUCCH/PUSCH if no additional specification impact is identified.

Working assumption 2: The above agreement applies to PUCCH with repetitions if no additional specification impact is identified.

Agreement
For the OCC sequence applied for OCC DG PUSCH and CG PUSCH Type 2, the sequence is indicated dynamically in DCI
· FFS: with a new field or reusing an existing field


[bookmark: OLE_LINK111]RAN1#120 agreements
[bookmark: OLE_LINK102]
Conclusion
For OCC time synchronization / alignment of multiplexed UEs to maintain orthogonality of the codes used for OCC, OCC group alignment is handled by network scheduling without specification impact.

Conclusion
OCC with Msg3 PUSCH is not in scope of Release 19 NR NTN Ph3.

[bookmark: OLE_LINK21]Agreement
For RV cycling for OCC with DG-PUSCH, support Option 1 
· Option 1: RV cycling is used across OCC groups.
· Note: when option 1 is applied, RV cycling is applied when the number of repetitions is greater than the OCC length
No optimization in Rel-19 for pairing UEs with OCC2 and UEs with OCC4.

RAN1#119 agreements
Observation:
Option 1 Inter-slot OCC with OCC length 4 to multiplex up to 4 UEs with 2 PRBs can meet VoIP 2% BLER within 1 dB of single UE baseline for 8 slots or larger with UE grouping with similar CFO (e.g. maximum differential CFO of 200 Hz).
 
Observation:
Option 2 Intra-symbol pre-DFT OCC with OCC length 4 to multiplex up to 4 UEs with TBoMS can meet VoIP 2% BLER target within 1 dB of single UE baseline with 2 PRBs and 4 repetitions or larger; and with 1 PRB and 8 repetitions or larger, without need for CFO grouping.  

Agreement
RAN1 to confirm the working assumption of RAN1#118bis with revisions as follows:
· Support OCC length 2 with inter-slot OCC to multiplex up to 2 UEs.
· Support Option 1: inter-slot OCC with OCC length 4 to multiplex up to 4 UEs using Hadamard sequences
· RAN1 does not pursue Option 2: Intra-symbol pre-DFT OCC with OCC length 4 to multiplex up to 4 UEs.
· RAN1 does not pursue Option 3: Combination of Inter-slot OCC with OCC length 2 and intra-symbol pre-DFT OCC with OCC length 2 to multiplex up to 4 UEs.
Note 1: there will be separate UE capabilities for OCC length 2 and OCC length 4, where UE capability for OCC length 2 is a prerequisite for UE capability for OCC length 4.
Note 2: gNB can ensure the performance of Option 1 by UE grouping with similar CFO (e.g. maximum differential CFO of 50 or 100 Hz or 200 Hz). Without CFO grouping (e.g. maximum differential CFO of 400 Hz), the performance of option 1 is degraded by at least 1 dB in several cases. For CFO grouping, several companies in RAN1 state that CFO grouping is feasible based on network implementation without any new specification impact.
· RAN1 assumes no specification impact for CFO grouping
· RAN1 does not pursue closed-loop frequency adjustment commands.
· RAN1 assumes that RAN4 does not define new UE requirements for CFO.


Agreement
For RV cycling for OCC with DG-PUSCH, the following are considered:
· Option 1: RV cycling is used across OCC groups
· Note 1: RV cycling is applied when the number of repetitions is greater than the OCC length
· Option 2: Fixed RV is used across OCC groups
· Option 3: For OCC length 2, fixed RV is used across two OCC groups, RV cycling is used across groups of two OCC groups



Agreement
If PUCCH without repetition overlaps with inter-slot OCC with any PUSCH repetitions in an OCC group, the following options to be considered: 
· Option 1: UCI is dropped
· FFS: whether all UCI is dropped
· Option 2: UCI is transmitted on PUCCH, and all PUSCH repetitions within the OCC group are dropped.
· Option 3: UCI is multiplexed on PUSCH with inter-slot OCC
· Option 3-a: UCI is multiplexed on all PUSCH repetitions within an OCC group with inter-slot OCC
· FFS: which OCC group
· Option 3-b: UCI is multiplexed on PUSCH and OCC is not applied within the OCC group
· Option 3-c: UCI is multiplexed on PUSCH and OCC is not applied within the PUSCH repetitions
Note: combination of the above can be considered
FFS Details timeline of PUCCH and PUSCH
FFS: handling of PUCCH with repetition
FFS: handling of different UCI types

[bookmark: OLE_LINK4]RAN1#118bis agreements
[bookmark: OLE_LINK19][bookmark: OLE_LINK6]Working assumption
[bookmark: OLE_LINK13]For the normative phase, 
· [bookmark: OLE_LINK141]Support OCC length 2 with inter-slot OCC to multiplex up to 2 UEs.
· [bookmark: OLE_LINK38]Support OCC length 4 with one of the following OCC techniques
· [bookmark: OLE_LINK37]Option 1: Inter-slot with OCC length 4 to multiplex up to 4 UEs.
· [bookmark: OLE_LINK34]Option 2: Intra-symbol pre-DFT OCC with OCC length 4 to multiplex up to 4 UEs.
· Option 3: Combination of Inter-slot OCC with OCC length 2 and intra-symbol pre-DFT OCC with OCC length 2 to multiplex up to 4 UEs.
· Note 1:
· At least consider 8 slots, 16 slots, and 20 slots for VoIP with BLER 2% target, with 1 RB, 2 RBs when comparing Option 1, Option 2, and Option 3. Companies can additionally report on 4 slots at least for 2 RBs.
· Option 2 assumes TBoMS, FFS Option 3 assumes TBoMS
Note 2: as part of the working assumption, it is assumed that there would be separate UE capabilities for OCC length 2 and OCC length 4, where UE capability for OCC length 2 is a prerequisite for UE capability for OCC length 4.

[bookmark: OLE_LINK36]Conclusion
For TBS calculation and rate matching for OCC with PUSCH, for inter-slot OCC in the working assumption of RAN1#118bis:
· for inter-slot OCC for OCC length 2 and for inter-slot OCC for OCC length 4 in option 1 in the working assumption of RAN1#118bis
· No change in determination of TBS 
· No change for rate matching

[bookmark: OLE_LINK119]Agreement
For RV cycling for OCC with PUSCH
· For inter-slot OCC for OCC length 2 and for inter-slot OCC for OCC length 4 in option 1 in the working assumption of RAN1#118bis 
· Same RV value is used in one OCC group (i.e., OCC length applied to N slots).
· FFS: RV cycling can be additionally used across OCC groups

[bookmark: OLE_LINK45]Agreement
For OCC sequence for OCC with PUSCH: 
· For OCC length 2, re-use orthogonal sequence [1 1; 1 -1] 

[bookmark: OLE_LINK10]RAN1#118 agreements
Agreement
At least one of the OCC techniques when PUSCH repetitions are used will be specified:
· Inter-slot time-domain OCC with OCC length 2
· Inter-slot time-domain OCC with OCC length 2 and 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 and 4
· Note: combination of techniques is not precluded
· PUSCH repetition Type B is not considered

Conclusion
Multiplexing of 8 UEs with PUSCH OCC is not discussed in RAN1 until the work for multiplexing of less than 8 UEs has been completed.

RAN1#117 agreements
Agreement
For the normative phase, at least one of the OCC techniques will be specified:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· FFS Combination of OCC techniques including multiplexing of 8 UEs
· FFS Use of OCC techniques with TBoMS
· FFS Backward compatibility with non-Rel-19 UEs

Conclusion
OCC with PUSCH can support at least multiplexing of 2 or 4 UEs and achieve up to 2 or 4 times capacity gains respectively, when repetitions are used.
Note: the actual gain may be less due to e.g. intra/inter cell interference.

RAN1#116bis agreements
[bookmark: _Hlk164098130]Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS

Agreement
RAN1 to at least further study the potential specification aspects on OCC techniques:
· TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects


RAN1#116 agreements
Agreement
Adopt the table below for assumptions for Evaluation parameters for link level evaluation in NR NTN UL capacity and throughput enhancements

	Parameter
	Value

	Channel model
	· NTN-TDL-C Rural, 30° elevation angle

	Carrier frequency
	· 2 GHz

	Subcarrier spacing
	· 15 kHz

	UE speed
	· 3 km/h

	Frequency hopping 
	· No frequency hopping

	PUSCH mapping type A with
	· 14 OS- for OCC across slots including DMRS 

	HARQ configuration 
	· No HARQ

	Channel coding
	· LDPC

	TBS
	Reported by companies, e.g.
· ≈184 bits payload @AMR 4.75kbps96 bits @Low data rate

	DMRS configuration / port / bundling
	1 port per UE
Reported by companies
· DMRS positions for single-symbol DMRS and optional double-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 respectively with ld=14, l0=2 and pos1 in [38.211].
· up to 8 DMRS Ports
Optional DMRS Bundling

	PRBs/MCS
	Reported by companies, e.g. 
· 1 PRB, 2 PRBs
· MCS in Table 6.1.4.1-2 in [TS 38.214]

	Max repetition number
	· Reported by companies – up to 20 for VoIP, up to 32 for low data rates

	OCC length 
	Reported by companies, e.g.
·  Up to 8

	OCC sequence
	Reported by companies, e.g.
· Walsh sequences in Table 6.3.2.6.3-1 in TS38.211
· DFT sequence in Table 6.3.2.6.3-2 in TS38.211

	Antenna configuration at Satellite
	· 1Rx

	Antenna configuration at UE
	· 1Tx




Agreement
-
	Parameter
	Value

	TO
	Reported by companies
· With TO: Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts
· Optional without TO

	FO
	Reported by companies
· Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible.
· Optional: with lower maximum residual FO, to be reported by companies

	Timing drift 
	Optional

	Receiver algorithm
	To be reported by companies, e.g.
· MMSE

	Channel estimation
	· Real channel estimation



Agreement
Adopt the table below for assumptions for KPIs for link level evaluation in NR NTN UL capacity and throughput enhancements

	Parameter
	Value

	Number of code-division multiplexed users
	Reported by companies (up to 8)

	KPI – SNR for a target BLER per UE
	As in Rel-18 (otherwise reported by companies)
· VoIP: SNR @2% BLER
· For other cases: SNR @10% BLER

	KPI - Aggregated throughput
	Reported by companies
Total throughput according to number of code-division multiplexed users (up to 8)
Note: companies should also report the throughput for the case without OCC
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