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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
       …



In this contribution, we provide the discussion and proposals on the remaining issues on DMRS enhancement for Release 18 maintenance.
2	Discussion on supporting up to 24 UL/DL DMRS ports for Rel-18 
To enhance multiplexing capacity of downlink and uplink demodulation reference signal (DMRS) in for different use cases (e.g. MU-MIMO in DL and UL, C-JT in DL,), there is a need to study and if justified, increase the number of orthogonal antenna ports (AP) >12 for UL/DL DMRS in Rel-18.
2.1 DMRS table design
In RAN1 #114, we have agreed the tables for eType1 UL DMRS port indication, and several rows are remained as FFS. 
A. PUSCH eType 1, maxLength=2
1) Rank 2 table: Do not support more than 32 rows. 
· Row {13, 21, 23, 24, 26}, we don’t see usecase. 
· Row {22, 25, 27} we are fine to support.  
· Row {18,19}: No strong view. 
2) Rank 3/4 table: We don’t have strong view, and it is fine to have more flexibility.

Proposal 1: For eType1 UL DMRS with single codeword with maxLength=2, 
· For rank 2: Do not support row #13, 21, 23, 24 and 26
· For rank 3/4: support all remaining FFS

B. PUSCH DMRS type 2, maxLength=1/2
Because all the table has no limitation for the number of rows, we are fine to support the options for gNB scheduling flexibility. 
Proposal 2: For eType2 UL DMRS with single codeword with maxLength=1 and 2, 
· support all remaining FFS rows 

3	Discussion on DMRS enhancements for 8TX UL SU-MIMO support 
3.1 PTRS sharing for PUSCH ports
For 8TX UL support, when two PTRS are supported, there is missing agreement on what layers associated with PUSCH ports are sharing PTRS0 or PTRS1.
In Rel-15, it is specified that

	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



Which means that PTRS 0 is shared by the layers precoded with PUSCH port 1000 and/or 1002 while PTRS 1 is shared by the layers precoded with PUSCH port 1001 and/or 1003. This is also necessary to clarify for 8 TX operation. Similar to Rel-15 design, we can define the association based on Ng=2 partial coherent codebook. Then, it is natural to map PTRS0 to the layers precoded with PUSCH port 1000,1001,1004 and/or 1005 and map PTRS 1 to the layers with PUSCH port 1002,1003, 1006 and/or 1007.  

Proposal 3: For 8TX UL operation with 2 PTRS, support following mapping. 
· 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.
Then, we can update the current specification as

Proposal 4: Adopt the proposed draft TP on 2 PTRS for 8TX UL operation. 
	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:
[bookmark: _Hlk512520180]-	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 other than 8 TX PUSCH transmission, 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.
[bookmark: _Hlk500758550]-	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 8 TX PUSCH transmission, UE is configured with 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 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 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.]





3.2 PTRS ports with TD-OCC
NR has restriction of supporting PT-RS when DMRS port associated with PTRS is transmitted with TD-OCC multiplexing. 
In 3GPP Rel-18, we have agreed to new DMRS type (eType1/eType2) which supports two times more DMRS ports by applying FD-OCC4 instead of FD-OCC2. Also, Rel-18 support 8 TX UL transmission.  
In Rel-15, PTRS is introduced for phase/frequency offset estimation purpose, which is transmitted in the subcarriers in consecutive symbols in the same subcarrier locations with the association of DMRS ports.
But, there is a restriction when using it with double symbol DMRS. 
In 3GPP RAN1#90bis, following has been agreed[3].
	R1-1718998	JOINT WF on PTRS	Huawei, HiSilicon, Intel, Samsung, ZTE, Sanechips, IITH, CEWiT, IITM, Tejas Networks, Reliance Jio, Panasonic, InterDigital, Mitsubishi, National Instruments, NEC, LG Electronics, NTT DOCOMO, KT, ATSRI, Ericsson, Nokia, NSB, OPPO, AT&T, MediaTek, CMCC, Qualcomm, CATT, Vodafone
The contents of R1-1718998 are agreed
<Part of R1-1718998 agreed.> 
· UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of above 6 GHz



The agreement means, it is not allowed that PTRS is transmitted when the associated DMRS is multiplexed with the other DMRS port with TD-OCC. And this was implemented as follows:
TS 38.214 defines that UE is not allowed to be configured simultaneously with uplink DMRS ports 4-7 or 6-11 with MaxLength = 2 for DMRS types 1 or 2 with PT-RS as follows
	[bookmark: _Toc11352102][bookmark: _Toc20317992][bookmark: _Toc27299890][bookmark: _Toc29673155][bookmark: _Toc29673296][bookmark: _Toc29674289][bookmark: _Toc36645519][bookmark: _Toc45810564][bookmark: _Toc137117100][bookmark: _Toc11352161][bookmark: _Toc20318051][bookmark: _Toc27299949][bookmark: _Toc29673224][bookmark: _Toc29673365][bookmark: _Toc29674358][bookmark: _Toc36645588][bookmark: _Toc45810637][bookmark: _Toc137117180]5.1.6.2	DM-RS reception procedure
<omitted>
[bookmark: _Hlk500828751]If a UE receiving PDSCH scheduled by DCI format 1_2 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2  or dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 or a UE receiving PDSCH scheduled by DCI format 1_0 or DCI format 1_1 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA or dmrs-DownlinkForPDSCH-MappingTypeB, the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH:
-	any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
-	PT-RS is transmitted to the UE.
<omitted>
6.2.2	UE DM-RS transmission procedure
<omitted>
If a UE transmitting PUSCH scheduled by DCI format 0_2 is configured with the higher layer parameter phaseTrackingRS in dmrs-UplinkForPUSCH-MappingTypeA-DCI-0-2 or dmrs-UplinkForPUSCH-MappingTypeB-DCI-0-2, or a UE transmitting PUSCH scheduled by DCI format 0_0 or DCI format 0_1 is configured with the higher layer parameter phaseTrackingRS in dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB, the UE may assume that the following configurations are not occurring simultaneously for the transmitted PUSCH
-	any DM-RS ports among 4-7 or 6-11 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and PT-RS is transmitted from the UE.



DMRS ports 4-7 for type 1 and DMRS port 6-11 for type2 are used only when TD-OCC based multiplexing is supported. 
For eType1/2, the number of DMRS ports per OFDM symbol is upto 8 or 12,respectively, for 8TX UL, PTRS transmission is possible. However, in case of Type1/2, due to the limitation of the PTRS with TD-OCC, PTRS cannot be transmitted for 8TX UL. As shown in the above agreement made in Rel-15, the main motivation is for limiting the usecase in FR2, but the current specification do not clearly mentioning it. 
Also, different from the DL, UL PTRS reception is based on gNB capability. In UL, PTRS or additional DMRS are used for frequency offset estimation at gNB receiver. For double-symbol DMRS, additional DMRS symbol due to frequency offset estimation requires higher DMRS overhead. (14%). PTRS is very useful because the overhead is just 0.5~7%, and 1% is enough for frequency offset estimation purpose. (1%@ every 4 PRBs, every 2 symbols, 1 PTRS). Thus, we think it is beneficial to allow PTRS transmission for 8TX UL with Rel-15 DMRS. It is also useful with the case when Rel-15 DMRS with MU-MIMO and Rel-18 double symbol DMRS. 
Thus, we propose to allow UL PTRS transmission with double symbol DMRS according to gNB configuration.
Observation 1: For UL double symbol DMRS, it is beneficial for supporting gNB to configure UE to transmit PTRS when TD-OCC is used according to gNB implementation. 

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

For support of upto 24 DMRS ports,

Proposal 1: For eType1 UL DMRS with single codeword with maxLength=2, 
· For rank 2: Do not support row #13, 21, 23, 24 and 26
· For rank 3/4: support all remaining FFS

Proposal 2: For eType2 UL DMRS with single codeword with maxLength=1/2, 
· support all remaining FFS rows 

For support of 8 TX UL transmission,  

Proposal 3: For 8TX UL operation with 2 PTRS, support following mapping. 
· 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.

Proposal 4: Adopt the proposed draft TP on 2 PTRS for 8TX UL operation. 

Observation 1: For UL double symbol DMRS, it is beneficial for supporting gNB to configure UE to transmit PTRS when TD-OCC is used according to gNB implementation. 

References 
[1] [bookmark: _Ref525556233]3GPP RP-223276, Updated WID: MIMO Evolution for Downlink and Uplink, Samsung
[2] 3GPP RAN1 #114, Chairman Note.
[3] 3GPP RAN1 #90bis, Chairman Note
