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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832][bookmark: _Hlk134024791]In RAN1#114bis meeting, the Rel-18 MIMO evolution for downlink and uplink [1] was discussed. The following was agreed [2] on the topic of increased number of orthogonal DMRS ports:
	Agreement
The following TPs in R1-2310278 are agreed for the editor’s CR.
· FL Proposal 2.2A
· FL Proposal 2.2B
· FL Proposal 2.3B
Relevant side information can be found in R1-2310466.

Agreement
Introduce a separate UE capability to report the orphan RE capability (i.e. UE can receive PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS) for PDSCH with fdmSchemeA or fdmSchemeB. 

Conclusion
DCI formats 1_1/1_2/0_1/0_2 and other DCI formats (except for DCI format 0_0/1_0), which are specified as equally applied as at least one of DCI formats 1_1/1_2/0_1/0_2, can indicate Rel.18 DMRS ports.

Agreement
· Clarify in TS 38.214 that for partial-coherent and non-coherent codebook-based 8Tx UL transmission, when the UE is configured with 2 PTRS ports, PUSCH antenna port 1000, 1001, 1004 and 1005 share PTRS port 0, and PUSCH antenna port 1002, 1003, 1006 and 1007 share PTRS port 1.
· Adopt the following TP for TS 38.214.
	6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
[bookmark: _Toc148101631]*** Unchanged parts are omitted ***
For partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of layers' field(s) in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNumberOfLayers:
-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
-	For PUSCH transmission with 2 or 4 ports, PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
-	UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
-	For PUSCH transmission with 8 ports, PUSCH antenna port 1000, 1001, 1004 and 1005 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1002, 1003, 1006 and 1007 in indicated TPMI(s) share PT-RS port 1.
· UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with one or more of PUSCH antenna port 1000, 1001, 1004 and 1005 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with one or more of PUSCH antenna port 1002, 1003, 1006 and 1007 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
If a UE is scheduled with two codewords,
-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n1', the PT-RS port is associated with the one of DM-RS ports indicated by DCI field PTRS-DMRS association for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with codeword 0. When a codeword is scheduled to transmit PUSCH for retransmission, the MCS for determining PT-RS association to codeword is obtained from the DCI for the same transport block in the initial transmission. 
-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', each PT-RS port is associated with the one of DM-RS ports indicated by DCI field ‘PTRS-DMRS association’. [PUSCH antenna port 1000, 1001, 1004 and 1005 share PT-RS port 0, and PUSCH antenna port 1002, 1003, 1006 and 1007 share PT-RS port 1.]
*** Unchanged parts are omitted ***


Relevant side information can be found in R1-2310466.

Agreement
Support to apply Rel-16 low PAPR RS onto Rel-18 enhanced DMRS types (i.e., different DMRS sequence can be applied to DMRS ports included in different CDM group)
· Note: It is up to editors whether/how to specify the above.

Agreement
Adopt the following TP for TS 38.214 v18.0.0.
· Reason for change: The text in current TS 38.214 v18.0.0 clause 6.2.2 describes UE behaviour of DMRS configuration type of MsgA PUSCH with [ ]. However, based on TS38.211 v18.0.0, it is clear that Rel.15 Type1 DMRS is applied to MsgA PUSCH. Hence, there is no need to specify it in TS28.214.
· Summary of change: Delete texts in [ ].
· Consequences if not approved: The behaviour of MsgA PUSCH DMRS type is not correct.
	6.2.2       UE DM-RS transmission procedure
*** Unchanged parts are omitted ***
 [For MsgA PUSCH transmission, the UE is not expected to be configured with the higher layer parameters [enhanced-dmrs-Type_r18] set to ‘enabled’.] 
*** Unchanged parts are omitted ***



Agreement
Adopt the following text proposal in TS38.214 v18.0.0.
· Reason for change: The text in current TS 38.214 v18.0.0 clause 5.1.6.2 describes the scheduling restriction if UE does not support orphan RE capability for eType1 DMRS. However, UE behaviour of the scheduling restriction for M-TRP FDM 2a/2b is not captured.
· Summary of change: Specify the scheduling restriction, if UE does not support orphan RE capability for eType1 DMRS, for M-TRP FDM 2a/2b.
· Consequences if not approved: The scheduling restriction, if UE does not support orphan RE capability for eType1 DMRS, for M-TRP FDM 2a/2b is not correct.
	5.1.6.2 DM-RS reception procedure
< Unchanged parts are omitted >
For DM-RS configuration enhanced type 1, when UE is not indicating UE capability of [noSchedulingRestriction-r18] except for PDSCH , the UE shall assume the number of consecutively scheduled PRBs are even, and the offset of the scheduled PRB from common resource block 0 is even number.
For DM-RS configuration enhanced type 1, 
· if a UE is configured with the higher layer parameter repetitionScheme set to 'fdmSchemeA' or ‘fdmSchemeB’, and is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)',
· if a UE is not indicating UE capability of [noSchedulingRestrictionForFDMSchemes-r18], the UE shall assume that the number of consecutively scheduled PRBs for PDSCH for each TCI-state is even, and the offset of the scheduled PRB from common resource block 0 for PDSCH for each TCI-state is even number.
· otherwise,
· if the UE is not indicating UE capability of [noSchedulingRestriction-r18], the UE shall assume the number of consecutively scheduled PRBs for PDSCH is even, and the offset of the scheduled PRB for PDSCH from common resource block 0 is even number.
< Unchanged parts are omitted >



Agreement
Adopt the following TP for TS 38.214 v18.0.0.
· Reason for change: The text in current TS 38.214 v18.0.0 clause 6.2.3.1 describes PTRS association for 2-port PTRS for two codeword case. However, the same UE behabiour is already specified in other part in clause 6.2.3.1 in TS 38.214 v18.0.0.
· Summary of change: Remove the duplicated text.
· Consequences if not approved: The same UE behaviour is specified in two parts in clause 6.2.3.1 in TS 38.214 v18.0.0, and it makes difficult to understand the spec.
	6.2.3.1   UE PT-RS transmission procedure when transform precoding is not enabled
< Unchanged parts are omitted >
If a UE is scheduled with two codewords,
-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n1', the PT-RS port is associated with the one of DM-RS ports indicated by DCI field PTRS-DMRS association for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with codeword 0. When a codeword is scheduled to transmit PUSCH for retransmission, the MCS for determining PT-RS association to codeword is obtained from the DCI for the same transport block in the initial transmission. 
-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', each PT-RS port is associated with the one of DM-RS ports indicated by DCI field ‘PTRS-DMRS association’.
< Unchanged parts are omitted >



Agreement
Adopt the following text proposal in TS38.214 v18.0.0.
· Reason for change: The scheduling restriction of orphan RE or eType1 is specified in current TS 38.214 v18.0.0 clause 5.1.6.2. However, the current scheduling restriction cannot ensure orthogonality because the PRBs not available for PDSCH are variable (e.g. PRBs not available for PDSCH declared by RateMatchPattern are configured with 1RB granularity and a symbol level bitmap, leading to the second restriction can’t avoid some orphan RE cases caused by PDSCH rate matching).
· Summary of change: Clarify the offset of the scheduling restriction is the offset of each set of consecutively scheduled PRBs.
· Consequences if not approved: Rel-18 eType 1 DMRS ports cannot be orthogonal for scheduled in MU-MIMO scenario for some cases.
	5.1.6.2	DM-RS reception procedure
< Unchanged parts are omitted >
For DM-RS configuration enhanced type 1, when UE is not indicating UE capability of [noSchedulingRestriction-r18], the UE shall assume the number of consecutively scheduled PRBs are even, and the offset of the each set of consecutively scheduled PRBs from common resource block 0 is even number. 
< Unchanged parts are omitted >



Agreement
Introduce a UE feature group to indicate the whether/how to support Rel-18 DMRS and PDSCH processing capability 2 simultaneously
· In this feature group, the UE can additionally report relaxation on processing delay for PDSCH processing capability 2
· FFS: Details of the relaxation on processing delay

Conclusion
· It is understood that there can be a performance degradation in Rel.18 eType 2 DMRS for PDSCH when the either one of following conditions is not satisfied.
· The number of consecutively scheduled PRBs for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· However, there is no consensus in RAN1 to introduce additional scheduling restriction for eType2 DMRS for PDSCH to solve the above issue.

Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PUSCH for rank 1-4 in RAN1#114 agreement,
· Remove all remaining rows with [ ].

Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PUSCH for rank 1-4 in RAN1#114 agreement,
· Remove all remaining rows with [ ].

Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH for rank 1-4 in RAN1#114 agreement, additionally support/remove the following rows:
· For rank 2 table: support row 21-29, remove row 13, 18, 19.
· For rank 3 table: support row 3-5 and row 11-14 with following modification of row 3, and remove row 9,10. 
· For rank 4 table: support row 4, row 7, row 11-16, with following modification of row 7
Table 7.3.1.1.2-48: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	[3
	2
	9-11 8-10
	1]


Table 7.3.1.1.2-49: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	[7
	2
	1,3,5,7 8,10,12,14
	2]



Conclusion
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH for rank 5-8, no more DMRS ports combinations are supported in Rel.18.

Conclusion
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PUSCH for rank 5-8, no more DMRS ports combinations are supported in Rel.18.

Conclusion
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PUSCH for rank 5-8, no more DMRS ports combinations are supported in Rel.18.

Conclusion
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PUSCH for rank 5-8, no more DMRS ports combinations are supported in Rel.18.

Agreement
· When the UE is configured with the higher layer parameter enhanced-dmrs-Type_r18, the UE does not expect to be configured with dmrs-FD-OCC-DisabledForRank1-PDSCH.
· Adopt the following text proposal in TS38.214 v18.0.0.
· Reason for change: The text of OCC disabling in current TS 38.214 v18.0.0 clause 5.1.6.2 is applicable irrespective of configuration of enhanced-dmrs-Type_r18. However, it reduces MU capacity, which is not aligned with purpose of Rel.18 DMRS ports.
· Summary of change: The text of OCC disabling is not applicable if UE is configured with enhanced-dmrs-Type_r18.
· Consequence if not approved: UE behaviour when OCC disabling is configured is not correct for Rel.18 DMRS.
	5.1.6.2	DM-RS reception procedure
< Unchanged parts are omitted >
If a UE is configured with higher layer parameter dmrs-FD-OCC-DisabledForRank1-PDSCH and the UE is scheduled with PDSCH with single DM-RS port, the UE may assume that set of orthogonal DM-RS antenna ports from the same CDM group using different set of wf(k') codes are not associated with the transmission of PDSCH to another UE.
If a UE is configured with higher layer parameter enhanced-dmrs-Type_r18, the UE does not expect to be configured with dmrs-FD-OCC-DisabledForRank1-PDSCH.
< Unchanged parts are omitted >



Conclusion
For UL 8Tx transmission, there is no consensus to reuse the reserved field in antenna port field for other purposes.



In this contribution, we present our views on remaining issues of increased number of orthogonal DMRS ports and proposals for moving forward.
New UE features for Rel.18 DMRS ports
In the last RAN1#114bis meeting, for new UE features for Rel-18 DMRS ports, it has been agreed to introduce a UE feature group to indicate whether/how to support Rel-18 DMRS and PDSCH processing capability 2 simultaneously, and in this feature group, the UE can additionally report relaxation on processing delay for PDSCH processing capability 2. 
One remaining issue on simultaneously supporting Rel-18 DMRS and PDSCH processing capability 2 is to study details of the relaxation on processing delay. 
In TS 38.214, UE PDSCH processing procedure time defines PDSCH processing capability 2 as follows:
	[bookmark: _Toc11352135][bookmark: _Toc20318025][bookmark: _Toc27299923][bookmark: _Toc29673194][bookmark: _Toc29673335][bookmark: _Toc29674328][bookmark: _Toc36645558][bookmark: _Toc45810603][bookmark: _Toc137117141]5.3	UE PDSCH processing procedure time

[bookmark: _Hlk45742881][bookmark: _Hlk500865557][bookmark: _Hlk508187268]If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and Koffset, if configured, and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 
-	N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is assumed to be transmitted regardless of whether or not the PDSCH reception provides a transport block for a HARQ process with disabled HARQ-ACK information as indicated by HARQ-feedbackEnabling-disablingperHARQprocess, if provided, and κ is defined in clause 4.1 of [4, TS 38.211]. 
Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in 
dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB if either higher layer parameter is configured, and in dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if either higher layer parameter is configured

	0
	3

	1
	4.5

	2
	9 for frequency range 1







According to the processing time , there are the following possible methods for the relaxation on processing delay:
· Additional processing delay (e.g. ), in addition to current and . Details of  is FFS. 
· Update PDSCH decoding time N1 in table 5.3-2 for processing capability 2 with Rel-18 DMRS. Details of the updating is FFS.
Based on the above analysis, we propose the following:
Proposal 1: To support Rel-18 DMRS and PDSCH processing capability 2 simultaneously, the UE can additionally report relaxation on processing delay for PDSCH processing capability 2 by the following possible methods:
· Additional processing delay (e.g. ), in addition to current and . Details of  is FFS. 
· Update PDSCH decoding time N1 in table 5.3-2 for processing capability 2 with Rel-18 DMRS. Details of the updating is FFS.
Conclusions
In this contribution, we present our views on remaining issues of increased number of orthogonal DMRS ports. Based on the discussions in the previous section we propose the following: 
Proposal 1: To support Rel-18 DMRS and PDSCH processing capability 2 simultaneously, the UE can additionally report relaxation on processing delay for PDSCH processing capability 2 by the following possible methods:
· Additional processing delay (e.g. ), in addition to current and . Details of  is FFS. 
· Update PDSCH decoding time N1 in table 5.3-2 for processing capability 2 with Rel-18 DMRS. Details of the updating is FFS.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref45631853][bookmark: _Ref6583376][bookmark: _Ref167612875][bookmark: _Ref167612671]RP-223276, “WID Update: MIMO Evolution for Downlink and Uplink”, Samsung, RAN#98-e.
3GPP RAN1, RAN1#114bis, Chairman Notes.
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