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1. Overall Description:
RAN1 would like to thank RAN2 for the LS in R2-2311293 on introductions of Two TAs for multi-DCI and other features of Rel-18 MIMO evolution in TS 38.300. For the questions included in the LS (R2-2311293), RAN1 has the following response.

Question 1.
RAN2 respectfully ask RAN1 to take the attached CR for TS 38.300 (R2-2311292) which is endorsed in RAN2 into account and ask for feedback if there is any issue.

Answer to Question 1: 
Regarding the descriptions for 2-TA multi-TRP operation in section 6.12, the understanding in RAN1 is that it is proper to capture the description “UE expects that the [activated]UL/joint TCI states [of UL signals/channels]associated to one CORESET Pool Index correspond to one TAG” as stated in the agreement in RAN1#113, and the corresponding TP#1 is provided in Appendix. 
· In the meanwhile, it is worth noting that although one related WA reached in RAN1#112 (see below) is still pending in RAN1, this newly added description won’t impact RAN2’s work to capture the agreements endorsed in RAN1 from RAN1’s perspective.

	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS




Question 2.
RAN2 respectfully ask RAN1 to consider whether and how to make changes to TS 38.300 with regard of each of features other than Two TAs for multi-DCI.

Answer to Question 2: 
The understanding in RAN1 is that it is proper to capture the introductions of some Rel-18 MIMO evolution features involving unified TCI framework extension, increased number of orthogonal DMRS ports, UL precoding indication for multi-panel transmission, and SRI/TPMI enhancement for enabling 8 TX UL into TS 38.300.

In section 6.12, the description for extension of unified TCI framework to multi-TRP operation based on the following RAN1 agreements are recommended to be captured in TS 38.300. Then, the corresponding TP#2 is provided in Appendix.
	Agreement (RAN1#109-e)
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 
Agreement (RAN1#110bis-e)
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1




In section 5.2.1 and section 5.3.1, descriptions for increased number of orthogonal DMRS ports based on the following RAN1 agreement are recommended to be captured in TS 38.300, and then the corresponding TP#3 is provided in Appendix.
	Agreement (RAN1#109-e)
The maximum number of enhanced DMRS ports in Rel.18 is doubled from Rel.15 DMRS ports: 
· For DMRS type 1, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is 
· Single symbol DMRS: 8 DMRS ports. 
· Double symbol DMRS: 16 DMRS ports. 
· For DMRS type 2, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is 
· Single symbol DMRS: 12 DMRS ports. 
· Double symbol DMRS: 24 DMRS ports. 




In section 6.12, descriptions for UL precoding indication for multi-panel transmission based on the following RAN1 agreements are recommended to be captured in TS 38.300, and then the corresponding TP#4 is provided in Appendix.
	Agreement (RAN1#109-e)
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
Note: Companies are encouraged to evaluate the different schemes for possible down-selection in RAN1#110.
Note: other schemes are not precluded
Agreement (RAN1#110bis-e)
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.

Agreement (RAN1#112)
Support the SFN scheme for single-DCI based STxMP PUCCH transmission




In section 5.3.1, the description for introducing 8-TX operation based on the following RAN1 agreements are recommended to be captured in TS 38.300. Then, the corresponding TP#5 is provided in Appendix.
	Agreement (RAN1#110)
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

Working Assumption (RAN1#110bis-e)
For uplink transmission with rank>4, support dual CW transmission.

Agreement (RAN1#110bis-e)
If dual CW is supported for uplink transmission with Rank>4 by an 8TX UE, reuse DL Rel-15 codeword to layer mapping for both codebook-based and non-codebook-based transmission.





Appendix

· TP#1 for two TAs for multi-DCI
	[bookmark: _Toc139018034][bookmark: _Hlk55989480]6.12    Multiple Transmit/Receive Point Operation
[bookmark: _Hlk55989232]In Multiple Transmit/Receive Point (multi-TRP) operation, a serving cell can schedule the UE from two TRPs, providing better coverage, reliability and/or data rates for PDSCH, PDCCH, PUSCH, and PUCCH.
There are two different operation modes to schedule multi-TRP PDSCH transmissions: single-DCI and multi-DCI. For both modes, control of uplink and downlink operation can be done by physical layer and MAC layer, within the configuration provided by the RRC layer. In single-DCI mode, the UE is scheduled by the same DCI for both TRPs and in multi-DCI mode, the UE is scheduled by independent DCIs from each TRP.
There are two different operation modes for multi-TRP PDCCH: PDCCH repetition as in Clause 5.2.3 and SFN based PDCCH transmission. In both modes, the UE can receive two PDCCH transmissions, one from each TRP, carrying the same DCI. In PDCCH repetition mode, the UE can receive the two PDCCH transmissions carrying the same DCI from two linked search spaces each associated with a different CORESET. In SFN based PDCCH transmission mode, the UE can receive the two PDCCH transmissions carrying the same DCI from a single search space/CORESET using different TCI states.
For multi-TRP PUSCH repetition, according to indications in a single DCI or in a semi-static configured grant provided over RRC, the UE performs PUSCH transmission of the same contents toward two TRPs with corresponding beam directions associated with different spatial relations. For multi-TRP PUCCH repetition, the UE performs PUCCH transmission of the same contents toward two TRPs with corresponding beam directions associated with different spatial relations.
For inter-cell multi-TRP operation, for multi-DCI PDSCH transmission, one or more TCI states can be associated with SSB with a PCI different from the serving cell PCI. The activated TCI states can be associated with at most one PCI different from the serving cell PCI at a time.
For inter-cell and intra-cell multi-DCI multi-TRP operation, up to two TAGs with associated TAG IDs can be configured per serving cell. Each UL/Joint TCI state is associated with a TAG ID and the UE applies the timing advance of the TAG ID associated with the UL/joint TCI state utilized for UL transmission, where the UE expects that the UL/Joint TCI states associated with one CORESETPoolIndex correspond to one TAG.




· TP#2 for unified TCI framework extension for multi-TRP
	6.12    Multiple Transmit/Receive Point Operation
In Multiple Transmit/Receive Point (multi-TRP) operation, a serving cell can schedule the UE from two TRPs, providing better coverage, reliability and/or data rates for PDSCH, PDCCH, PUSCH, and PUCCH.
There are two different operation modes to schedule multi-TRP PDSCH transmissions: single-DCI and multi-DCI. For both modes, control of uplink and downlink operation can be done by physical layer and MAC layer, within the configuration provided by the RRC layer. In single-DCI mode, the UE is scheduled by the same DCI for both TRPs and in multi-DCI mode, the UE is scheduled by independent DCIs from each TRP.
There are two different operation modes for multi-TRP PDCCH: PDCCH repetition as in Clause 5.2.3 and SFN based PDCCH transmission. In both modes, the UE can receive two PDCCH transmissions, one from each TRP, carrying the same DCI. In PDCCH repetition mode, the UE can receive the two PDCCH transmissions carrying the same DCI from two linked search spaces each associated with a different CORESET. In SFN based PDCCH transmission mode, the UE can receive the two PDCCH transmissions carrying the same DCI from a single search space/CORESET using different TCI states.
For multi-TRP PUSCH repetition, according to indications in a single DCI or in a semi-static configured grant provided over RRC, the UE performs PUSCH transmission of the same contents toward two TRPs with corresponding beam directions associated with different spatial relations. For multi-TRP PUCCH repetition, the UE performs PUCCH transmission of the same contents toward two TRPs with corresponding beam directions associated with different spatial relations.
For inter-cell multi-TRP operation, for multi-DCI PDSCH transmission, one or more TCI states can be associated with SSB with a PCI different from the serving cell PCI. The activated TCI states can be associated with at most one PCI different from the serving cell PCI at a time.
For intra and inter-cell multi-TRP operation, multiple joint TCI state(s) or DL/UL TCI state(s) can be indicated for both DL/UL channel(s)/RS(s) toward respective TRPs by unified TCI framework.





· TP#3 for increased number of orthogonal DMRS ports
	[bookmark: _Toc139017971][bookmark: _Toc52551241][bookmark: _Toc29375985][bookmark: _Toc51971258][bookmark: _Toc46501910][bookmark: _Toc37231855][bookmark: _Toc20387906]5.2.1    Downlink transmission scheme
A closed loop Demodulation Reference Signal (DMRS) based spatial multiplexing is supported for Physical Downlink Shared Channel (PDSCH). Up to 8 and 12 orthogonal DL DMRS ports are supported for type 1 and type 2 DMRS respectively. Up to 16 and 24 orthogonal DL DMRS ports are supported for enhanced type 1 and enhanced type 2 DMRS respectively. Up to 8 orthogonal DL DMRS ports per UE are supported for SU-MIMO and up to 4 orthogonal DL DMRS ports per UE are supported for MU-MIMO. The number of SU-MIMO code words is one for 1-4 layer transmissions and two for 5-8 layer transmissions.
The DMRS and corresponding PDSCH are transmitted using the same precoding matrix and the UE does not need to know the precoding matrix to demodulate the transmission. The transmitter may use different precoder matrix for different parts of the transmission bandwidth, resulting in frequency selective precoding. The UE may also assume that the same precoding matrix is used across a set of Physical Resource Blocks (PRBs) denoted Precoding Resource Block Group (PRG).
Transmission durations from 2 to 14 symbols in a slot is supported.
Aggregation of multiple slots with Transport Block (TB) repetition is supported.
<Unchanged parts are omitted>
[bookmark: _Toc20387917][bookmark: _Toc46501922][bookmark: _Toc29375996][bookmark: _Toc37231867][bookmark: _Toc51971270][bookmark: _Toc52551253][bookmark: _Toc139017983]5.3.1    Uplink transmission scheme
Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission.
For codebook based transmission, the gNB provides the UE with a transmit precoding matrix indication in the DCI. The UE uses the indication to select the PUSCH transmit precoder from the codebook. For non-codebook based transmission, the UE determines its PUSCH precoder based on wideband SRI field from the DCI.
A closed loop DMRS based spatial multiplexing is supported for PUSCH. Up to 8 and 12 orthogonal UL DMRS ports are supported for type 1 and type 2 DMRS respectively. Up to 16 and 24 orthogonal UL DMRS ports are supported for enhanced type 1 and enhanced type 2 DMRS respectively. For a given UE, up to 4 layer transmissions are supported. The number of code words is one. When transform precoding is used, only a single MIMO layer transmission is supported.
Transmission durations from 1 to 14 symbols in a slot is supported.
Aggregation of multiple slots with TB repetition is supported.
Two types of frequency hopping are supported, intra-slot frequency hopping, and in case of slot aggregation, inter-slot frequency hopping. Intra-slot and inter-slot frequency hopping are not supported when PRB interlace uplink transmission waveform is used.
PUSCH may be scheduled with DCI on PDCCH, or a semi-static configured grant may be provided over RRC, where two types of operation are supported:
-	The first PUSCH is triggered with a DCI, with subsequent PUSCH transmissions following the RRC configuration and scheduling received on the DCI, or
-	The PUSCH is triggered by data arrival to the UE's transmit buffer and the PUSCH transmissions follow the RRC configuration.




· TP#4 for UL precoding indication for multi-panel transmission
	6.12    Multiple Transmit/Receive Point Operation
In Multiple Transmit/Receive Point (multi-TRP) operation, a serving cell can schedule the UE from two TRPs, providing better coverage, reliability and/or data rates for PDSCH, PDCCH, PUSCH, and PUCCH.
There are two different operation modes to schedule multi-TRP PDSCH transmissions: single-DCI and multi-DCI. For both modes, control of uplink and downlink operation can be done by physical layer and MAC layer, within the configuration provided by the RRC layer. In single-DCI mode, the UE is scheduled by the same DCI for both TRPs and in multi-DCI mode, the UE is scheduled by independent DCIs from each TRP.
There are two different operation modes for multi-TRP PDCCH: PDCCH repetition as in Clause 5.2.3 and SFN based PDCCH transmission. In both modes, the UE can receive two PDCCH transmissions, one from each TRP, carrying the same DCI. In PDCCH repetition mode, the UE can receive the two PDCCH transmissions carrying the same DCI from two linked search spaces each associated with a different CORESET. In SFN based PDCCH transmission mode, the UE can receive the two PDCCH transmissions carrying the same DCI from a single search space/CORESET using different TCI states.
For multi-TRP PUSCH repetition, according to indications in a single DCI or in a semi-static configured grant provided over RRC, the UE performs PUSCH transmission of the same contents toward two TRPs with corresponding beam directions associated with different spatial relations. For multi-TRP PUCCH repetition, the UE performs PUCCH transmission of the same contents toward two TRPs with corresponding beam directions associated with different spatial relations.
For inter-cell multi-TRP operation, for multi-DCI PDSCH transmission, one or more TCI states can be associated with SSB with a PCI different from the serving cell PCI. The activated TCI states can be associated with at most one PCI different from the serving cell PCI at a time.
For inter-cell and intra-cell multi-DCI multi-TRP operation, up to two TAGs with associated TAG IDs can be configured per serving cell. Each UL/Joint TCI state is associated with a TAG ID and the UE applies the timing advance of the TAG ID associated with the UL/joint TCI state utilized for UL transmission.
For single-DCI based STxMP PUSCH transmission in SDM scheme, different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. For single-DCI based STxMP PUSCH transmission in SFN scheme, all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously. For multi-DCI based STxMP PUSCH+PUSCH transmissions, two independent PUSCHs towards different TRPs can be transmitted by a UE simultaneously in same active BWP. For single-DCI based STxMP PUCCH transmission in SFN scheme, one PUCCH are transmitted from two different UE panels simultaneously towards different TRPs.




· TP#5 for SRI/TPMI enhancement for enabling 8 TX UL
	5.3.1 Uplink transmission scheme
Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission.
For codebook based transmission, the gNB provides the UE with a transmit precoding matrix indication in the DCI. The UE uses the indication to select the PUSCH transmit precoder from the codebook. For non-codebook based transmission, the UE determines its PUSCH precoder based on wideband SRI field from the DCI.
A closed loop DMRS based spatial multiplexing is supported for PUSCH. For a given UE, up to 84 layer transmissions are supported. The number of code words is up to twoone. When transform precoding is used, only a single MIMO layer transmission is supported.
Transmission durations from 1 to 14 symbols in a slot is supported.
Aggregation of multiple slots with TB repetition is supported.
Two types of frequency hopping are supported, intra-slot frequency hopping, and in case of slot aggregation, inter-slot frequency hopping. Intra-slot and inter-slot frequency hopping are not supported when PRB interlace uplink transmission waveform is used.
PUSCH may be scheduled with DCI on PDCCH, or a semi-static configured grant may be provided over RRC, where two types of operation are supported:
-	The first PUSCH is triggered with a DCI, with subsequent PUSCH transmissions following the RRC configuration and scheduling received on the DCI, or
-	The PUSCH is triggered by data arrival to the UE's transmit buffer and the PUSCH transmissions follow the RRC configuration.




2. Actions:
To RAN2
ACTION: 	RAN1 kindly requests RAN2 to take the above responds from RAN1 into consideration.

3. Date of Next Meetings:
TSG-RAN WG1 Meeting #116                             Feb. 26th – Mar. 1st, 2024		Athens, GR
TSG-RAN WG1 Meeting #116-bis                       Apr. 15th – Apr. 19th, 2024		TBD, CN

