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1	Introduction
In RAN#94, enhancements on UL and DL DMRS operation were approved to be considered and specified as part of the MIMO evolution for Downlink and Uplink WID [1]. The objectives for the DMRS enhancements are stated as follows [1]:

	The work item aims to specify the enhancements identified for NR MIMO. The detailed RAN1 objectives are as follows: 
…
[bookmark: _Hlk102068073]Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
1) Striving for a common design between DL and UL DMRS
2) Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
       …
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
0. Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.




In this contribution, we provide the discussion and proposals on the remaining issues on DMRS enhancement for Release 18 maintenance.





2	Maintenance for supporting up to 24 UL/DL DMRS ports for Rel-18 
2.1 UE capability for PDSCH processing capability 2
In RAN1 #114bis, we have agreed following agreement[2]. 
	Agreement
[bookmark: _Hlk149339817]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


Regarding to the details on the relaxation on processing delay, when we compare the N1 values for different processing capabilities are shown as below.

Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	
	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
	dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in any of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2, 
or if none of the higher layer parameters is configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24

	5
	80
	96

	6
	160
	192



Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	𝝁
	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



If we only compare the case when dmrs-AdditionalPosition = ‘pos0’, the differences are as below.
	
	Difference for PDSCH decoding time N1 [symbols] between processing capability 1 and 2

	0
	8 - 3 = 5 

	1
	10 - 4.5 = 5.5

	2
	17- 9 = 8



When considering the difference of N1 for capability 1 and capability 2, we can introduce the processing delay relaxation can be several OFDM symbols. 
As examples, we think the processing delay relaxation can be {no relaxation, 1 symbol, 2 symbols, …} and this can be discussed in UE capability discussion. 
When the capability is defined, the additional delay needs to be reflected in the specification. To adopt the agreement, we propose following text proposal in TS38.214 v18.0.x

Proposal 1: Adopt the following text proposal in TS38.214 v18.0.x.
· Reason for change: In RAN1 #114bis, it was agreed that introduce a UE feature group to indicate the 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. When UE report the relaxation on processing delay, it should be used for calculating PDSCH processing delay. 
· Summary of change: New processing delay parameter N1,additional added into the equation of processing delay calculation, and description added. 
· Consequence if not approved: Relaxation of the processing delay agreed cannot be supported.

	[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
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]. 
-    For UE processing capability 2, if the UE is configured with higher layer parameter enhanced-dmrs-Type_r18 , the additional processing delay N1,additional is indicated by [UE Capability name]. Otherwise N1,additional=0.
-	For operation with shared spectrum channel access in FR1, is calculated according to [4, TS 38.211], otherwise =0.
[bookmark: _Hlk515958514]<Unchanged Part Omitted>




3	Maintenance for DMRS enhancements for 8TX UL SU-MIMO support 
3.1 Clarification of DCI field for PTRS-DMRS association
For 8TX UL operation, the size of DCI field for PTRS-DMRS association is determined according to the maxRank, and the number of PTRS port configured by maxNrofPorts. 
	-	PTRS-DMRS association - number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1 and multipanelScheme is not configured, or if maxRank=1 and maxRankSfn=1, or if maxRank=1 and maxRankSdm=1 when two PTRS ports are configured by maxNrofPortsforSdm;
-	2 or 4 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A/7.3.1.1.2-25B/7.3.1.1.2-26/7.3.1.1.2-26A are used to indicate the association between PTRS port(s) and DMRS port(s), and the DMRS ports are indicated by the Antenna ports field.
-	2 bits when one PTRS port or two PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, SRS resource set indicator field is absent or SRS resource set indicator field is present and equals "00" or “01” and maxRank<=4, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Tables 7.3.1.1.2-25 and 7.3.1.1.2-26.
<omitted>
-	2 bits when one PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, the SRS resource set indicator field is absent, maxRank>4 and multipanelScheme is not configured, this field indicates the association between PTRS port and DMRS port(s) corresponding to the selected codeword according to Table 7.3.1.1.2-25B, where the selected codeword is the codeword with higher MCS for the initial PUSCH if the MCS indices of the two codewords are different for the initial PUSCH, or codeword 0 otherwise. 
-	4 bits when two PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, the SRS resource set indicator field is absent, maxRank>4 and multipanelScheme is not configured, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-26A.
<omitted>
Table 7.3.1.1.2-25: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port





Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0, maxRank>4 
	Value
	DMRS port

	0
	1st scheduled DMRS port corresponding to the selected Codeword 

	1
	2nd scheduled DMRS port corresponding to the selected Codeword

	2
	3rd scheduled DMRS port corresponding to the selected Codeword

	3
	4th scheduled DMRS port corresponding to the selected Codeword



[bookmark: _Hlk149300963]Table 7.3.1.1.2-26: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1



Table 7.3.1.1.2-26A: PTRS-DMRS association for UL PTRS ports 0 and 1, maxRank>4
	Value of 2 MSBs
	DMRS port
	Value of 2 LSBs
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1






When UE is configured with two PTRS ports, and maxRank <=4, 2-bit DCI is used for PTRS-DMRS association and the two bits are used as shown in Table 7.3.1.1.2-26. However, for 8TX UL operation, there is still ambiguity when the number of layers to PTRS ports are more than 2 layers. 
PTRS port 0 is shared by PUSCH port {1000,1001, 1004 , 1005}  and PTRS port  1 is shared by PUSCH port {1002, 1003, 1006, 1007}, and we can consider the cases where the number of layers shares PTRS port 0 and PTRS port 1 to be expressed as the form of (4,0), (3,1), (3,0), (0,3), (1,3), (0,4), ((x,y) means that x layers shares PTRS port 0 and y layers shares PTRS port 1). In this case, 2-bit indication is required for each PTRS port. Then, total 4 bits should be used for the case, and the DCI field is corresponding to Table 7.3.1.1.2-26A instead of Table 7.3.1.1.2-25.
Observation 1: For 8Tx partial/non-coherent UL codebook, when the UE is configured with maxRank <=4 and maxNrofPorts=2, if the number of layers associated to PTRS port 0 and PTRS port 1 are (4,0), (3,1), (3,0), (0,3), (1,3) or (0,4), there is limitation to indicate the proper DMRS ports to be associated with the PTRS port which shares more than 2 layers (DMRS ports) .  
Easy option is to increase DCI bits by 2 bits for using 2 bits per each PTRS port. However, there is still a simple option to support the case without increase of DCI bits also without sacrificing flexibility.
For (4,0), (3,0), (0,3) and (0,4), the actual number of PTRS ports is one. Either PTRS port 0 or PTRS port 1 are used according to TPMI. So, if we update the condition for using Table 7.3.1.1.2-25 for PTRS port 0 or PTRS port 1, PTRS-DMRS association can be indicated by 2 bits. 
Table 7.3.1.1.2-25: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS port 0 or PTRS port 1
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port



For (3,1) and (1,3), the actual number of PTRS ports is two, but for one of PTRS ports the association to a DMRS port is deterministic because only one DMRS port is associated with the PTRS. Then no indication is necessary.  Without addition of 2bit DCI indication, gNB can indicate PTRS-DMRS association for the other PTRS port by selecting one out of 3 DMRS ports.  Finally, the Table 7.3.1.1.2-25 is still used for the PTRS port shares more than 2 layers.  
Thus, we can still use 2-bit DCI field ‘PTRS-DMRS association’ for 8 TX UL with maxRank<=4 and maxNrofPorts = 2.  

Observation 2: For 8Tx partial/non-coherent UL codebook, if the UE is configured with maxRank <=4 and maxNrofPorts=2, when the number of layers associated to PTRS port 0 and PTRS port 1 are (4,0), (3,1), (3,0), (0,3), (1,3) or (0,4), there are still options for using 2-bit DCI field ‘PTRS-DMRS association.  

Proposal 2: Adopt the following TPs for TS38.212. 
· Reason for change: The text in current TS 38.212 clause 7.3.1.1.2 cannot fully cover the case when UE support 8TX and a PTRS port shares more than 2 layers but the maxRank<=4. Thus, it is required to update DCI bit size determination and interpretation in TS38.212. 
· Summary of change: Update the conditions to apply the PTRS-DMRS association table. Also, the title of Table 7.3.1.1.2-25 is updated. 
· Consequences if not approved: PTRS-DMRS association is unclear when two PTRS ports are configured for 8 TX UL, maxRank<=4 but one of PTRS ports shares more than 2 layers. 

	TS38.212 v18.0.0, DCI format 0_1
[bookmark: _Toc146188105][bookmark: _Toc146727653]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of one or multiple PUSCH in one cell, or indicating CG downlink feedback information (CG-DFI) to a UE. 
<unchanged part omitted>
-	PTRS-DMRS association - number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1 and multipanelScheme is not configured, or if maxRank=1 and maxRankSfn=1, or if maxRank=1 and maxRankSdm=1 when two PTRS ports are configured by maxNrofPortsforSdm;
-	2 or 4 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A/7.3.1.1.2-25B/7.3.1.1.2-26/7.3.1.1.2-26A are used to indicate the association between PTRS port(s) and DMRS port(s), and the DMRS ports are indicated by the Antenna ports field.
-	2 bits when one PTRS port or two PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, SRS resource set indicator field is absent or SRS resource set indicator field is present and equals "00" or “01” and maxRank<=4, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Tables 7.3.1.1.2-25 and 7.3.1.1.2-26. For PUSCH transmission with 8 ports, if the actual number of PTRS ports is one, Table 7.3.1.1.2-25 is used for the PTRS port, if the actual number of PTRS ports is two and the number of PUSCH layers associated with one of PTRS ports is larger than 2 Table 7.3.1.1.2-25 is used for the PTRS port. Otherwise, Table 7.3.1.1.2-26 is used for both PTRS port 0 and PTRS port 1.  
-	2 bits when one PTRS port or two PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, the SRS resource set indicator field is present and equals "10" or “11”, maxRank=3 or 4 and multipanelScheme is not configured, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Tables 7.3.1.1.2-25 and 7.3.1.1.2-26. 
<unchanged part omitted>
Table 7.3.1.1.2-25: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS port 0 or UL PTRS 1
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port


<unchanged part omitted>



Proposal 3: Adopt the following TPs for TS38.214. 
· Reason for change: The text in current TS38.214 clause 6.2.3.1 cannot fully cover the case when UE support 8TX and a PTRS port shares more than 2 layers but the maxRank<=4. Thus, it is required to update PTRS operation in TS38.214. 
· Summary of change: Update UE operation to apply the PTRS-DMRS association field. 
· Consequences if not approved: PTRS-DMRS association is unclear when two PTRS ports are configured for 8 TX UL, maxRank<=4 but one of PTRS ports shares more than 2 layers. 

	TS38.214 v18.0.x 
6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled.
<unchanged part 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, 0_2 or 0_3 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, 0_2 and 0_3 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].
· When UE is configured with maxRank equal or less than 4, if the actual number of PTRS ports is two and the number of PUSCH layers associated with a PTRS port is one and the number of PUSCH layers associated with the other PTRS port is larger than 2, DCI parameter 'PTRS-DMRS association' only indicates the associated layer ‘x’ or ‘y’ for the PT-RS port associated with more than one layers. 
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.
<unchanged part omitted>



4	Conclusions
In the previous sections, the following observations and proposals have been made:

For support of up to 24 DMRS ports,
Proposal 1: Adopt the following text proposal in TS38.214.
· Reason for change: In RAN1 #114bis, it was agreed that introduce a UE feature group to indicate the 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. When UE report the relaxation on processing delay, it should be used for calculating PDSCH processing delay. 
· Summary of change: New processing delay parameter N1,additional added into the equation of processing delay calculation, and description added. 
· Consequence if not approved: Relaxation of the processing delay agreed cannot be supported.

For support of 8 TX UL transmission,  
Observation 1: For 8Tx partial/non-coherent UL codebook, if the UE is configured with maxRank <=4 and maxNrofPorts=2, when the number of layers associated to PTRS port 0 and PTRS port 1 are (4,0), (3,1), (3,0), (0,3), (1,3) or (0,4), there is limitation to indicate the proper DMRS ports to be associated with the PTRS port which shares more than 2 layers (DMRS ports) .  Easy option is to use 2 bit per each PTRS port.  
Observation 2: For 8Tx partial/non-coherent UL codebook, if the UE is configured with maxRank <=4 and maxNrofPorts=2, when the number of layers associated to PTRS port 0 and PTRS port 1 are (4,0), (3,1), (3,0), (0,3), (1,3) or (0,4), There are still options for using 2-bit DCI field ‘PTRS-DMRS association.  

Proposal 2: Adopt the following TPs for TS38.212. 
· Reason for change: The text in current TS 38.212 clause 7.3.1.1.2 cannot fully cover the case when UE support 8TX and a PTRS port shares more than 2 layers but the maxRank<=4. Thus, it is required to update DCI bit size determination and interpretation in TS38.212. 
· Summary of change: Update the conditions to apply the PTRS-DMRS association table. Also, the title of Table 7.3.1.1.2-25 is updated. 
· Consequences if not approved: PTRS-DMRS association is unclear when two PTRS ports are configured for 8 TX UL, maxRank<=4 but one of PTRS ports shares more than 2 layers. 

Proposal 3: Adopt the following TPs for TS38.214. 
· Reason for change: The text in current TS38.214 clause 6.2.3.1 cannot fully cover the case when UE support 8TX and a PTRS port shares more than 2 layers but the maxRank<=4. Thus, it is required to update PTRS operation in TS38.214. 
· Summary of change: Update UE operation to apply the PTRS-DMRS association field. 
· Consequences if not approved: PTRS-DMRS association is unclear when two PTRS ports are configured for 8 TX UL, maxRank<=4 but one of PTRS ports shares more than 2 layers. 

References 
[1] [bookmark: _Ref525556233]3GPP RP-223276, Updated WID: MIMO Evolution for Downlink and Uplink, Samsung
[2] 3GPP RAN1 #114bis, Chairman Note.
