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In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. One of the main objectives of the work item is DMRS enhancement, which is listed as below
3. 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,
· Striving for a common design between DL and UL DMRS
· 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, the design of doubling the number of orthogonal DMRS ports in Rel-18 is proposed. The issue of coexistence between legacy DMRS ports and new DMRS ports is also address. 
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Rel-18 DMRS ports grouping structure
To facilitate the discussion in this Tdoc, we can group the Rel-18 DMRS ports as in the following Fig 1. For each TD-OCC pair, the ports on the left are the ports with single DMRS symbol, while the ports on the right the additional ports with dual DMRS symbols. 
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[bookmark: _Ref126933648]Fig 1: Rel-18 DMRS ports grouping structure
MU-scheduling restrictions
High level restriction: disallow MU in certain cases
If we exam option 1 (size 4 FD-OCC) carefully, it still has some impact to SU channel estimation, due to the potentially co-scheduled MU in a same CDM group.
Consider the following example with 1 symbol type 1 DMRS. Consider a UE, denoted as UE A, which has the capability to support only 4 layers PDSCH. Therefore, from channel estimation perspective, the UE can estimate channel for at most 4 DMRS ports. It is assumed that UE A is scheduled with DMRS ports {1000, 1001, 1002, 1003}. If there is no co-scheduled MU UEs with UE A, UE A can estimate channels of DMRS based on its 4 ports channel estimation capability. However, if NW co-schedule a UE B with UE A on any of the DMRS ports {1008, 1009, 1010, 1011}, say 1008. From UE A’s perspective, it would see more than 4 DMRS ports due to SU+MU. However, UE A cannot handle more than 4 DMRS ports. We can assume two cases for UE A. In both cases, UE A’s channel estimation performance degrades. 
· Case 1: UE A is a legacy Rel-15/16/17 UE which is already deployed in the field. It has to run the existing channel estimation algorithm in the UE without any modification, which cannot remove the channel from port 1008 at all. Therefore, port 1008 would interfere with the channel estimation of port 1000 and 1001 and the interference is statistically with the same power level as the signal power, which effectively cap the SNR at 0dB. Legacy UE basically fails in this case.   
· Case 2: UE A is a new Rel-18 UE, while it still can only support up to 4 DMRS ports channel estimation. In this case, UE A can implement a new step to remove the channel from port 1008 by reverting the FD-OCC in frequency domain, before channel estimation for ports {1000, 1001, 1002, 1003}. However, this reverting operation has to be done across the new FD-OCC tone range, which is 8 tones. To make sure the channel of port 1008 can be perfectly removed, the channels have to be flat across the 8 tones FD-OCC range. In practice, due to channel delay spread, this reverting FD-OCC operation cannot fully remove the interference from port 1008. The residual channel from port 1008 would still degrade the channel estimation performance of the serving ports 1000 and 1001 for UE A. The simulation result as shown in Fig 2 confirmed such performance loss due to imperfect FD-OCC reversion in TDL-C channel with delay spread of 300ns.
· For case 2, with double DMRS symbols, if the reverting of OCC is in time domain, the delay spread has no impact. As long as the Doppler is not super large, the reversion of TD-OCC can be nearly perfect. This would allow MU ports even in the same CDM group. For example, {1000,1001,1008,1009} for UE A, with {1004,1005,1012,1013} for UE B can be co-scheduled, as the MU ports can be removed via reverting the TD-OCC in time domain. However {1000,1001,1004,1005} for UE A co-scheduled with {1008,1009,1012,1013} for UE B would still require revert FD-OCC in frequency domain, which would cause performance degradation. 
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[bookmark: _Ref101993719]Fig 2: Example performance degradation due to reverting FD-OCC before channel estimation
To resolve this issue, there are two solutions in general, which are listed below. 
· Solution 1: double UE’s capability of channel estimation to accommodate the channels from co-scheduled MU, i.e., for a UE with 4-layer MIMO capability for SU, force the UE to support up to 8 DMRS ports, due to potential co-scheduled MU. Similarly, for a UE with 8-layer MIMO capability for SU, force the UE to support up to 16 DMRS ports, due to potential co-scheduled MU. 
· Solution 2: apply certain restrictions on MU ports co-scheduling to avoid co-scheduled SU+MU DMRS ports exceeding the total number of DMRS ports that a UE can support

Apparently, solution 1 does not make sense. There is no motivation to force UE to double its channel estimation capability just for a potentially co-scheduled MU. Therefore, solution 2 should be adopted in RAN1. Furthermore, one should notice that such restrictions already exist in Rel-15, as in TS 38.214 Section 5.1.6, with related specification text copied below. 
For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Subclause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Subclause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.

With the above analysis, the follow observation and proposal are made.
Observation 1: To avoid co-scheduled SU+MU DMRS ports exceeding the total number of DMRS ports that a UE can support, certain restrictions are needed on co-scheduled MU ports. 
Proposal 1: Adopt the following MU scheduling restriction for Rel.18 DMRS ports for PDSCH.
· If the DMRS ports of a UE are in more than one CDM groups, the UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
· The above applies to both single symbol and dual symbol DMRS.
· Furthermore, for dual symbol DMRS, if the DMRS ports of a UE are associated with more than one TD-OCC codes in one CDM group, the UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
Low level restriction: enhanced alignment of # CDM groups, frequency and time assignment boundaries among MU 
For the cases which allow co-scheduled MU, one should notice that channel and noise estimation for target UE with the existence of MU is a very challenging task from UE implementation point of view. Therefore, it is preferred to introduce some restriction in specification to align certain parameters used in DL transmissions among the MU. The restrictions indeed impose some scheduling restriction to gNB vendors. However, from another angle, it also guarantees better MU performance. Otherwise, with an arbitrarily scheduled MU, the scheduled MU performance could be very bad. 
In Rel-15, there were some restrictions already introduced (as listed in detail below). However, in the deployment, implementation, and operating of 5G in the past a few years, a few new cases which requires more alignment among MU were identified. Given Rel-18 MIMO supporting more MU scenarios, and this WI is targeting MU enhancement, it is preferred to consider potentially aligning transmission parameters of MU in a better way. 
There are three enhanced MU alignments that can be considered in Rel-18.  
· Alignment 1: aligning the number of CDM groups without data among MU. 
· Alignment 2: aligning the PRG boundary for MU in different CDM groups
· Alignment 3: aligning the staring and ending PDSCH symbol for MU

For alignment 1, one can notice that in Rel-15, there is already a paragraph in TS38.214 in this line to aligning number of CDM groups. However, the highlighted text (in yellow) is not clear. There could be two interpretations. 
· Interpretation 1: the “CDM groups without data” are not used for data transmission only for this target UE. While co-scheduled UEs may still use them for data transmission. 
· Interpretation 2: the “CDM groups without data” are not used for data transmission for all MU.When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) in Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.


If interpretation 1 is assumed, then depends on MU using them for data or not, there could be 3dB or 4.77dB difference on interfering MU’s DMRS to data power ratio, which is unknown to target UE. Target UE will need to do blind detection to figure that out. If interpretation 2 is assume, there is no ambiguity. 
With the above analysis, we have the following proposal. 
Proposal 2: A UE is expected the same “number of CDM groups without data” for co-schedule MU in Rel-18 DL DMRS. 
For alignment 2, as shown in the following, Rel-15 actual has PRG boundary (and allocation in occupied PRGs) alignment across MU UEs, but only for MU within the same CDM groups. For channel estimation of target UE, the below restriction in Rel-15 is fine, as the channel is only performed for the assigned CDM group for the target UE. However, for interference/noise estimation, Rel-15 restriction is not sufficient, as target UE need to estimate interference/noise based on all tones which includes the other CDM group. With misaligned PRG boundary, target UE’s interference estimation is not accurate, unless UE blindly detect the potential PRG boundary mis-alignment across MU.The UE does not expect the precoding of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be different in the PRG-level grid configured to this UE with PRG =2 or 4.
The UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4.

With the above analysis, we have the following proposal. 
Proposal 3: A UE is expected the same PRG boundary and the same RB assignment (in PRG-level grid) for co-schedule MU in same and different CDM groups in Rel-18 DL DMRS. 
Similar to frequency alignment as in alignment 2, alignment 3 for time domain is desired for target UE’s interference/noise estimation. Again, in Rel-15, some restriction (as cited below) along this line is made from channel estimation perspective. However, without aligned PDSCH starting and ending symbol, although DMRS symbols are aligned with can make sure a good channel estimation for target UE, but the mis-aligned PDSCH starting and ending symbol can still break the target UE’s interference/noise estimation. 
To solve this issue, the following proposal is made.
Proposal 4: A UE is expected the same staring OFDM symbol and the same ending OFDM symbol for PDSCH of co-schedule MU in Rel-18 DL DMRS. 
[bookmark: _Ref134462777]Mapping layers of 2 CWs PDSCH/PUSCH to Rel-18 DMRS ports
On DMRS ports indication for 2 CWs PDSCH, the following agreement was made in RAN1 #112bis-e. Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case,
· For 2 CWs,
· Alt.1: Confirm the working assumption in RAN1#112 with modification (in red).
· Alt.3-1: Support at least row 0-3 for 2 CWs in Table 4-0.
Table 4-0: DMRS ports for 2CWs.
Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled
Value
Number of DMRS CDM group(s) without data
DMRS port(s)
0
2
0,1,2,3,8
1
2
0,1,2,3,8,10
2
2
0,1,2,3,8,9,10
3
2
0,1,2,3,8,9,10,11
[4]
[2]
[0,1,2,3,10]
[5]
[2]
[0,1,8,2,3,10]
[6]
[2]
[0,1,8,2,3,10,11]
[7]
[2]
[0,1,8,9,2,3,10,11]
[8]
[2]
[0,2,3,8,9]
[9]
[2]
[0,1,2,3,8,9]
FFS: Additional rows (rows 4~9) if there is technical justification.


Rows 4-9 under FFS can be categorized into two categories.  
· Category 1: row 4-7
· Category 2: row 8-9

Category 1 are rows that be implemented with less UE complexity. Row 4-7 map the layers of a CW to DMRS ports of a same CDM group. This mapping has benefits on both receiver and transmitter sides. 
· On receiver side, channel estimation, demodulation, and decode of a CW are confined within one CDM group, which can simplify receiver implementation. 
· Row 4-7 are much more friendly to UE processing pipeline than row 0-3. As shown in Fig 3, for a UE does not have two channel estimation nor two demodulation modules (due to hardware limitation), With row 0-3, a UE cannot start demodulation for a CW until the channel estimation for CDM group 2 is completed, which causes additional delay to UE processing time. While with row 4-7, a UE can start demodulation for CW 1 right away, after channel estimation for CDM group 1.  
· On transmitter side, in case of multi-TRP transmission where each CW is transmitted from one TRP, each TRP can process one CW separately from the other TRP.
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[bookmark: _Ref131323280]Fig 3: Impact of layer-to-CDM-groups mapping to UE processing timeline
With the principle of mapping one CW to one CDM group, one example of layer to DMRS ports mapping for Rel-18 type 1 single symbol DMRS is given in the following figure. 
[image: A picture containing table

Description automatically generated]
Fig 4: Example of layer to DMRS ports mapping for type 1 single-symbol DMRS
Similarly, with 2-symbol DMRS, the above example can be extended with a principle to map layers of a CW to DMRS ports within a same TD-OCC within a same CDM group, while not mapping layers of one CW to DMRS ports across different TD-OCC nor different CDM groups. 
With the above principle, one example of layer to DMRS ports mapping for Rel-18 type 1 2-symbol DMRS is given in the following figure.
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Fig 5: Example of layer to DMRS ports mapping for type 1 2-symbol DMRS
Category 2 are the additional rows proposed by Nokia and Ericsson, with the justification that those two entries can improve MU performance. From UE complexity perspective, category 2 (row 8-9) are the same as row 0-3. 
With the above analysis, the following proposal is made. 
Proposal 5: For antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the additional rows 4-9 in the following table for 2 CWs. 
· Subject to UE capability, UE can indicate supporting values {4,5,6,7} only, or values {0,1,2,3,4,5,6,7,8,9}. 

	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,3,8

	1
	2
	0,1,2,3,8,10

	2
	2
	0,1,2,3,8,9,10

	3
	2
	0,1,2,3,8,9,10,11

	4
	2
	0,1,2,3,10

	5
	2
	0,1,8,2,3,10

	6
	2
	0,1,8,2,3,10,11

	7
	2
	0,1,8,9,2,3,10,11

	8
	2
	0,2,3,8,9

	9
	2
	0,1,2,3,8,9



DMRS ports signalling for PDSCH with single TRP
For PDSCH DMRS port signalling table, in the case of Type 1 single symbol DMRS, the table is almost finalized except row 23. In the agreement in RAN1 111, the status of row 23 is as follows. 
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	…
	…
	…

	21
	[2]
	[8-10]

	22
	[2]
	[8-11]

	23
	[2]
	[ [9,11]



Regarding the proposal to use DMRS ports [9,11] with row 23, the intention of the proponent is for MU enhancements, i.e., allow a particular MU scheduling scenario with 3 users with rank 3+3+2. However, we don’t see DMRS ports [9,11] is suitable for MU, based on the following reasons. 
· Channel estimation performance of the UE with port [9,11] will be quite bad as it sees channel interference from both CDM groups. 
· This is not aligned with MU design principle since Rel-15, which is allocate DMRS ports of a same UE into a same CDM group.
· It creates serious trouble for UE implementation, as UE is assigned with DMRS ports [9,11] will have to effectively estimate 8 DMRS ports (for MU detection and noise estimation), which is not doable on a UE which only supports 1 CW PDSCH. 

The justification from the proponent of the proposal to support DMRS ports [9,11] is that it can support 3 users with rank 3+3+2, i.e., [0,1,8]+[2,3,10]+[9,11], to fully utilize the potential of rank 8 DL MU-MIMO capability for 1 symbol type-1 DMRS. However, we believe this case of rank 3+3+2 is just one corner case of MU scheduling, because of the following reasons. 
· MU scheduling fully utilize 8 layers is rare, given mutual interference between MU layers. More reasonable gNB should schedule MU with less than 8 layers. 
· Even in rank 8 MU scheduling, we listed all possible scheduling cases as in the following table. As there are in total 21 cases, the case of rank 3+3+2 is just one out of 21 cases. 
· Even if rank 3+3+2 is not supported without DMRS ports [9, 11], gNB can switch to 4 UEs MU with [0,1,8]+[2,3,10]+[9]+[11], or 3 UEs MU with [0,1,8]+[2,3,10]+[9]. There is no devastating outcome because of not supporting DMRS ports [9, 11]. 

	Case number
	Rank combination
	Row indices to support the rank combination

	Case 1
	2 UEs with 1+7 layer
	row 2 (two CWs) + row 18 (1CW)

	Case 2
	2 UEs with 2+6 layer
	Not supported with current agreed table

	Case 3
	2 UEs with 3+5 layer
	Not supported with current agreed table

	Case 4
	2 UEs with 4+4 layer
	row 27 (1 CW) + row 29 (1CW)

	Case 5
	3 UEs with 1+1+6 layers
	row 1 (2 CWs)+ row 16 & 18 (1CW)

	Case 6
	3 UEs with 1+2+5 layers
	row 0 (2 CWs)+ row 16 & 20 (1CW)

	Case 7
	3 UEs with 2+2+4 layers
	row 27+ 8 + 20 (1CW)

	Case 8
	3 UEs with 1+3+4 layers
	row 27 + 28 + 18 (1CW)

	Case 9
	3 UEs with 2+3+3 layers
	Not supported with current agreed table

	Case 10
	4 UEs with 1+1+1+5 layers
	row 0 (2CWs) + row 16+17+18(1CW)

	Case 11
	4 UEs with 1+1+2+4 layers
	27 + 8 + 17 +18 (1CW)

	Case 12
	4 UEs with 1+2+2+3 layers
	row 26+16+8+20 (1CW)

	Case 13
	4 UEs with 1+1+3+3 layers
	row 26+28+16+18 (1CW)

	Case 14
	4 UEs with 2+2+2+2 layers
	row 7+8+19+20 (1CW)

	Case 15
	5 UEs with 1+1+1+1+4 layers
	row 27+5+6+17+18(1CW)

	Case 16
	5 UEs with 1+1+1+2+3 layers
	row 26+8+16+17+18(1CW)

	Case 17
	5 UEs with 1+1+2+2+2 layers
	row 7+8+19+17+18 (1CW)

	Case 18
	6 UEs with 1+1+1+1+1+3 layers
	row 26+16+5+6+17+18(1CW)

	Case 19
	6 UEs with 1+1+1+1+2+2 layers
	row 19+20+3+4+5+6(1CW)

	Case 20
	7 UEs with 1+1+1+1+1+1+2 layers
	row 7+5+6+15+16+17+18 (1CW)

	Case 21
	8 UEs each with 1 layer
	row 3+4+5+6+15+16+17+18 (1CW)



With the above analysis, we have the following proposal. 
Proposal 6: Do not support entry 23 with DMRS ports combination [9,11] in DMRS ports table for type 1 single symbol DMRS.
For DMRS ports signalling with type 1 dual symbol DMRS, the following agreement is made in RAN1#112bis-e. 
Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-2-X.
· FFS: For row 9-11, 24-30, 55-60, and 81-83 (if agreed) in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) or UE capability.
· FFS: The total number of rows for eType1 DMRS ports with maxLength =2 for PDSCH at least for S-TRP case does not exceed 64. 
Table 7.3.1.2.2-2-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	[0
	2
	0-4
	2]

	1
	1
	1
	1
	[1
	2
	0,1,2,3,4,6
	2]

	2
	1
	0,1
	1
	[2
	2
	0,1,2,3,4,5,6
	2]

	3
	2
	0
	1
	[3
	2
	0,1,2,3,4,5,6,7
	2]

	4
	2
	1
	1
	4
	2
	0,1,2,3,8
	1

	5
	2
	2
	1
	5
	2
	0,1,2,3,8,10
	1

	6
	2
	3
	1
	6
	2
	0,1,2,3,8,9,10
	1

	7
	2
	0,1
	1
	7
	2
	0,1,2,3,8,9,10,11
	1

	[8
	2
	2,3
	1]
	[8
	1
	0,1,4,5,8
	2]

	[9
	2
	0-2
	1]
	[9
	1
	0,1,4,5,8,12
	2]

	[10
	2
	0-3
	1]
	[10
	1
	0,1,4,5,8,9,12
	2]

	[11
	2
	0,2
	1]
	[11
	1
	0,1,4,5,8,9,12,13
	2]

	12
	2
	0
	2
	[12
	2
	0,1,4,5,8
	2]

	13
	2
	1
	2
	[13
	2
	0,1,4,5,8,12
	2]

	14
	2
	2
	2
	[14
	2
	0,1,4,5,8,9,12
	2]

	15
	2
	3
	2
	[15
	2
	0,1,4,5,8,9,12,13
	2]

	16
	2
	4
	2
	[16
	2
	2,3,6,7,10
	2]

	17
	2
	5
	2
	[17
	2
	2,3,6,7,10,14
	2]

	18
	2
	6
	2
	[18
	2
	2,3,6,7,10,11,14
	2]

	19
	2
	7
	2
	[19
	2
	2,3,6,7,10,11,14,15
	2]

	20
	2
	0,1
	2
	[20
	2
	0,1, 2,3,10
	1]

	21
	2
	2,3
	2
	[21
	2
	0,1,8,2,3,10
	1]

	22
	2
	4,5
	2
	[22
	2
	0,1,8, 2,3,10,11
	1]

	23
	2
	6,7
	2
	[23
	2
	0,1,8,9,2,3,10,11
	1]

	[24
	2
	0,4
	2]
	[24
	1
	0,1,4,5,12
	2]

	[25
	2
	2,6
	2]
	[25
	1
	0,1,8,4,5,12
	2]

	[26
	2
	0,1,4
	2]
	[26
	1
	0,1,8,4,5,12,13
	2]

	[27
	2
	2,3,6
	2]
	[27
	1
	0,1,8,9,4,5,12,13
	2]

	[28
	2
	0,1,4,5
	2]
	[28
	2
	0,1,4,5,12
	2]

	[29
	2
	2,3,6,7
	2]
	[29
	2
	0,1,8,4,5,12
	2]

	[30
	2
	0,2,4,6
	2]
	[30
	2
	0,1,8,4,5,12,13
	2]

	31
	1
	8
	1
	[31
	2
	0,1,8,9,4,5,12,13
	2]

	32
	1
	9
	1
	[32
	2
	2,3,6,7,14
	2]

	33
	1
	8,9
	1
	[33
	2
	2,3,10,6,7,14
	2]

	34
	2
	8
	1
	[34
	2
	2,3,10,6,7,14,15
	2]

	35
	2
	9
	1
	[35
	2
	2,3,10,11,6,7,14,15
	2]

	36
	2
	10
	1
	[36
	2
	0,2,3,8,9
	1]

	37
	2
	11
	1
	[37
	2
	0,1,2,3,8,9
	1]

	38
	2
	8,9
	1
	
	
	
	

	39
	2
	10,11
	1
	
	
	
	

	[40
	2
	8-10
	1]
	
	
	
	

	[41
	2
	8-11
	1]
	
	
	
	

	[42
	2
	8,10
	1]
	
	
	
	

	43
	2
	8
	2
	
	
	
	

	44
	2
	9
	2
	
	
	
	

	45
	2
	10
	2
	
	
	
	

	46
	2
	11
	2
	
	
	
	

	47
	2
	12
	2
	
	
	
	

	48
	2
	13
	2
	
	
	
	

	49
	2
	14
	2
	
	
	
	

	50
	2
	15
	2
	
	
	
	

	51
	2
	8,9
	2
	
	
	
	

	52
	2
	10,11
	2
	
	
	
	

	53
	2
	12,13
	2
	
	
	
	

	54
	2
	14,15
	2
	
	
	
	

	[55
	2
	8,12
	2]
	
	
	
	

	[56
	2
	10,14
	2]
	
	
	
	

	[57
	2
	8,9,12
	2]
	
	
	
	

	[58
	2
	10,11,14
	2]
	
	
	
	

	[59
	2
	8,9,12,13
	2]
	
	
	
	

	[60
	2
	10,11,14,15
	2]
	
	
	
	

	61
	2
	8,10,12,14
	2
	
	
	
	

	62
	1
	0,1,8
	1
	
	
	
	

	63
	1
	0,1,8,9
	1
	
	
	
	

	64
	2
	0,1,8
	1
	
	
	
	

	65
	2
	0,1,8,9
	1
	
	
	
	

	66
	2
	2,3,10
	1
	
	
	
	

	67
	2
	2,3,10,11
	1
	
	
	
	

	[69
	1
	0,1,8
	2]
	
	
	
	

	[70
	1
	0,1,8,9
	2]
	
	
	
	

	[71
	1
	4,5,12
	2]
	
	
	
	

	[72
	1
	4,5,12,13
	2]
	
	
	
	

	[73
	2
	0,1,8
	2]
	
	
	
	

	[74
	2
	0,1,8,9
	2]
	
	
	
	

	[75
	2
	4,5,12
	2]
	
	
	
	

	[76
	2
	4,5,12,13
	2]
	
	
	
	

	[77
	2
	2,3,10
	2]
	
	
	
	

	[78
	2
	2,3,10,11
	2]
	
	
	
	

	[79
	2
	6,7,14
	2]
	
	
	
	

	[80
	2
	6,7,14,15
	2]
	
	
	
	

	[81
	2
	5,8,9
	2]
	
	
	
	

	[82
	2
	7,10,11
	2]
	
	
	
	

	[83
	2
	7,12,13
	2]
	
	
	
	















For the FFS entries in the case of single CW, the following observations can be made.
· For MU pairing of UEs with rank 2, the table already support agreed rows with {0,1}, {2,3}, {8,9}, {10,11}, {4,5}, {6,7}, {12,13}, {14,15}. These rows can support up to 4 MU each with rank 2 very conveniently. There is no motivation to support other port combinations such as {0,2}, {0,4}, {2,6}, {8,12}, {10,14}, which should be removed from the above table. 
· For MU paring of UEs with rank 4, the table already support agreed rows with {0,1,8,9}, {2,3,10,11}. There is no motivation to support other port combinations such as {0,1,2,3}. Furthermore, with two front-loaded DMRS symbols, as long as we support {4,5,12,13}, {6,7,14,15}, then there is no motivation to support {0,1,4,5}, {2,3,6,7}, {0,2,4,6} {8,9,12,13}, {10,11,14,15}. Here, one should notice that since Rel-15, the principle to design MU pairing is putting DMRS ports of a same UE into a same CDM group/TD-OCC as much as possible. These entries {0,1,2,3}, {0,1,4,5}, {2,3,6,7}, {0,2,4,6} {8,9,12,13}, {10,11,14,15} are not aligned with this principle. In Rel-15, we had no choice other than including {0,1,2,3}, {0,1,4,5}, {2,3,6,7}, {0,2,4,6} to support rank 4 due to the number of DMRS ports allowed in spec are limited. Now, in Rel-18, we have better DMRS ports combinations {0,1,8,9}, {2,3,10,11}, {4,5,12,13}, {6,7,14,15} to support rank 4 MU pairing. Therefore, {0,1,2,3}, {0,1,4,5}, {2,3,6,7}, {0,2,4,6} {8,9,12,13}, {10,11,14,15} should be removed. 
· For MU paring of UEs with rank 3, similarly, we should apply the principle that put DMRS ports of a same UE into a same CDM group/TD-OCC as much as possible. In the above table, {0,1,8}, {2,3,10} are already agreed. We just need follow the principle to agree {4,5,12}, {6,7,14}. Therefore, {0,1,2}, {0,1,4}, {2,3,6}, {8,9,12}, {10,11,14}, {5,8,9}, {7,10,11}, {7,12,13} should be removed. With Rel-18 DMRS, rank 3 and rank 4 can be put in one CDM group/TD-OCC, there is no motivation to support them across different CDM group or different TD-OCC. 
For the FFS entries of 2 CWs, the following observations can be made. 
· With the agreed row 4-7, row 0-3 are not needed, because row 4-7 can achieve the same functionality of row 0-3, while keep DMRS ports in one DMRS symbol to save DMRS overhead. 
· Comparing rows 8-19 and rows 20-35, they achieve the same functionality. However, as explained in Section 2.3, row 20-35 can simplify UE implementation. Therefore, it is preferred to remove rows 8-19 and keep rows 20-35. If both are supported, then capability should be introduced to allow UE only implement row 8-19 for smaller complexity. 
· Row 36-37 were proposed by Nokia and Ericsson in RAN1#112 bis-e, with the justification that those two entries can improve MU performance. From UE complexity perspective, row 36-37 are the same as row 8-19.

With the above analysis, the following proposal is made. 
Proposal 7: For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, 
· For 1 CW, support rows 69-80. Do not support rows 9-11, 24-30, 55-60, and 81-83. 
· For 2 CW, support rows 20-35. Don’t support row 0-3. 
· Subject to UE capability, UE can indicate supporting rows 20-35 only, or all rows for 2 CWs. 

For type 2 single symbol DMRS, the following agreement was made in RAN1#112 bis-e. 
Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-3-X.
· FFS: For rows 9, 10, 20-23, 33, 34, 44-46, 60-62 (if agreed) in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) or UE capability.
Table 7.3.1.2.2-3-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0
	0
	3
	0-4

	1
	1
	1
	1
	3
	0-5

	2
	1
	0,1
	[2
	3
	12-16]

	3
	2
	0
	[3
	3
	12-17]

	4
	2
	1
	4
	2
	0,1,2,3,12

	5
	2
	2
	5
	2
	0,1,2,3,12,14

	6
	2
	3
	6
	2
	0-3,12-14

	7
	2
	0,1
	7
	2
	0-3,12-15

	8
	2
	2,3
	[8
	3
	0,1,2,3,12]

	[9
	2
	0-2]
	[9
	3
	0,1,2,3,12,14]

	[10
	2
	0-3]
	[10
	3
	0-3,12-14]

	11
	3
	0
	[11
	3
	0-3,12-15]

	12
	3
	1
	[12
	2
	0,2,3,12,13]

	13
	3
	2
	[13
	2
	0,1,2,3,14]

	14
	3
	3
	[14
	2
	0,1,12,2,3,14]

	15
	3
	4
	[15
	2
	0,1,12,2,3,14,15]

	16
	3
	5
	[16
	2
	0,1,12,13,2,3,14,15]

	17
	3
	0,1
	[17
	3
	0,1,2,3,14]

	18
	3
	2,3
	[18
	3
	0,1,12,2,3,14]

	19
	3
	4,5
	[19
	3
	0,1,12,2,3,14,15]

	[20
	3
	0-2]
	[20
	3
	0,1,12,13,2,3,14,15]

	[21
	3
	3-5]
	
	
	

	[22
	3
	0-3]
	
	
	

	[23
	2
	0,2]
	
	
	

	24
	1
	12
	
	
	

	25
	1
	13
	
	
	

	26
	1
	12,13
	
	
	

	27
	2
	12
	
	
	

	28
	2
	13
	
	
	

	29
	2
	14
	
	
	

	30
	2
	15
	
	
	

	31
	2
	12,13
	
	
	

	32
	2
	14,15
	
	
	

	[33
	2
	12-14]
	
	
	

	[34
	2
	12-15]
	
	
	

	35
	3
	12
	
	
	

	36
	3
	13
	
	
	

	37
	3
	14
	
	
	

	38
	3
	15
	
	
	

	39
	3
	16
	
	
	

	40
	3
	17
	
	
	

	41
	3
	12,13
	
	
	

	42
	3
	14,15
	
	
	

	43
	3
	16,17
	
	
	

	[44
	3
	12-14]
	
	
	

	[45
	3
	15-17]
	
	
	

	[46
	3
	12-15]
	
	
	

	[47
	2
	12,14]
	
	
	

	48
	1
	0,1,12
	
	
	

	49
	1
	0,1,12,13
	
	
	

	50
	2
	0,1,12
	
	
	

	51
	2
	0,1,12,13
	
	
	

	52
	2
	2,3,14
	
	
	

	53
	2
	2,3,14,15
	
	
	

	54
	3
	0,1,12
	
	
	

	55
	3
	0,1,12,13
	
	
	

	56
	3
	2,3,14
	
	
	

	57
	3
	2,3,14,15
	
	
	

	58
	3
	4,5,16
	
	
	

	59
	3
	4,5,16,17
	
	
	

	[60
	3
	13,15,17]
	
	
	

	[61
	3
	13,15]
	
	
	

	[62
	2
	13,15]
	
	
	



















With similar rationale as for type 1 dual symbol DMRS (i.e., row 48-59 already support 3/4 layer MU for single CW, and row 2-3 just duplicate the same functionality of row 0-1), the following proposal is made. 
Proposal 8: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, 
· For 1 CW, do not support rows 9, 10, 20-23, 33, 34, 44-46, 60-62. 
· For 2 CW, support rows 13-20. Don’t support row 2-3. 
· Subject to UE capability, UE can indicate supporting rows 13-20 only, or all rows for 2 CWs. 

For type 2 dual symbol DMRS, the following agreement was made in RAN1#112 bis-e. 
Agreement
For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, at least for S-TRP case, support all rows of DMRS port combinations and Number of DMRS CDM group(s) without data in Table 7.3.1.2.2-4-X.
· FFS: For rows 9, 10, 20-23, 42-47, 67, 68, 78-80, 100-105, and 153-158 (if agreed) in one CW, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group) or UE capability.
Table 7.3.1.2.2-4-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	[0
	3
	0-4
	1]

	1
	1
	1
	1
	[1
	3
	0-5
	1]

	2
	1
	0,1
	1
	[2
	2
	0,1,2,3,6
	2]

	3
	2
	0
	1
	[3
	2
	0,1,2,3,6,8
	2]

	4
	2
	1
	1
	[4
	2
	0,1,2,3,6,7,8
	2]

	5
	2
	2
	1
	[5
	2
	0,1,2,3,6,7,8,9
	2]

	6
	2
	3
	1
	6
	2
	0,1,2,3,12
	1

	7
	2
	0,1
	1
	7
	2
	0-3,12,14
	1

	8
	2
	2,3
	1
	8
	2
	0-3,12-14
	1

	[9
	2
	0-2
	1]
	9
	2
	0-3,12-15
	1

	[10
	2
	0-3
	1]
	[10
	3
	0,1,2,3,12
	1]

	11
	3
	0
	1
	[11
	3
	0-3,12,14
	1]

	12
	3
	1
	1
	[12
	3
	0-3,12-14
	1]

	13
	3
	2
	1
	[13
	3
	0-3,12-15
	1]

	14
	3
	3
	1
	[14
	1
	0,1,6,7,12
	2]

	15
	3
	4
	1
	[15
	1
	0,1,6,7,12,18
	2]

	16
	3
	5
	1
	[16
	1
	0,1,6,7,12,13,18
	2]

	17
	3
	0,1
	1
	[17
	1
	0,1,6,7,12,13,18,19
	2]

	18
	3
	2,3
	1
	[18
	2
	0,1,6,7,12
	2]

	19
	3
	4,5
	1
	[19
	2
	0,1,6,7,12,18
	2]

	[20
	3
	0-2
	1]
	[20
	2
	0,1,6,7,12,13,18
	2]

	[21
	3
	3-5
	1]
	[21
	2
	0,1,6,7,12,13,18,19
	2]

	[22
	3
	0-3
	1]
	[22
	2
	2,3,8,9,14
	2]

	[23
	2
	0,2
	1]
	[23
	2
	2,3,8,9,14,20
	2]

	24
	3
	0
	2
	[24
	2
	2,3,8,9,14,15,20
	2]

	25
	3
	1
	2
	[25
	2
	2,3,8,9,14,15,20,21
	2]

	26
	3
	2
	2
	[26
	3
	0,1,6,7,12
	2]

	27
	3
	3
	2
	[27
	3
	0,1,6,7,12,18
	2]

	28
	3
	4
	2
	[28
	3
	0,1,6,7,12,13,18
	2]

	29
	3
	5
	2
	[29
	3
	0,1,6,7,12,13,18,19
	2]

	30
	3
	6
	2
	[30
	3
	2,3,8,9,14
	2]

	31
	3
	7
	2
	[31
	3
	2,3,8,9,14,20
	2]

	32
	3
	8
	2
	[32
	3
	2,3,8,9,14,15,20
	2]

	33
	3
	9
	2
	[33
	3
	2,3,8,9,14,15,20,21
	2]

	34
	3
	10
	2
	[34
	3
	4,5,10,11,16
	2]

	35
	3
	11
	2
	[35
	3
	4,5,10,11,16,22
	2]

	36
	3
	0,1
	2
	[36
	3
	4,5,10,11,16,17,22
	2]

	37
	3
	2,3
	2
	[37
	3
	4,5,10,11,16,17,22,23
	2]

	38
	3
	4,5
	2
	[38
	2
	0,1,2,3,14
	1]

	39
	3
	6,7
	2
	[39
	2
	0,1,12,2,3,14
	1]

	40
	3
	8,9
	2
	[40
	2
	0,1,12,2,3,14,15
	1]

	41
	3
	10,11
	2
	[41
	2
	0,1,12,13,2,3,14,15
	1]

	[42
	3
	0,1,6
	2]
	[42
	3
	0,1,2,3,14
	1]

	[43
	3
	2,3,8
	2]
	[43
	3
	0,1,12,2,3,14
	1]

	[44
	3
	4,5,10
	2]
	[44
	3
	0,1,12,2,3,14,15
	1]

	[45
	3
	0,1,6,7
	2]
	[45
	3
	0,1,12,13,2,3,14,15
	1]

	[46
	3
	2,3,8,9
	2]
	[46
	1
	0,1,6,7,18
	2]

	[47
	3
	4,5,10,11
	2]
	[47
	1
	0,1,12,6,7,18
	2]

	48
	1
	0
	2
	[48
	1
	0,1,12,6,7,18,19
	2]

	49
	1
	1
	2
	[49
	1
	0,1,12,13,6,7,18,19
	2]

	50
	1
	6
	2
	[50
	2
	0,1,6,7,18
	2]

	51
	1
	7
	2
	[51
	2
	0,1,12,6,7,18
	2]

	52
	1
	0,1
	2
	[52
	2
	0,1,12,6,7,18,19
	2]

	53
	1
	6,7
	2
	[53
	2
	0,1,12,13,6,7,18,19
	2]

	54
	2
	0,1
	2
	[54
	2
	2,3,8,9,20
	2]

	55
	2
	2,3
	2
	[55
	2
	2,3,14,8,9,20
	2]

	56
	2
	6,7
	2
	[56
	2
	2,3,14,8,9,20,21
	2]

	57
	2
	8,9
	2
	[57
	2
	2,3,14,15,8,9,20,21
	2]

	58
	1
	12
	1
	[58
	3
	0,1,6,7,18
	2]

	59
	1
	13
	1
	[59
	3
	0,1,12,6,7,18
	2]

	60
	1
	12,13
	1
	[60
	3
	0,1,12,6,7,18,19
	2]

	61
	2
	12
	1
	[61
	3
	0,1,12,13,6,7,18,19
	2]

	62
	2
	13
	1
	[62
	3
	2,3,8,9,20
	2]

	63
	2
	14
	1
	[63
	3
	2,3,14,8,9,20
	2]

	64
	2
	15
	1
	[64
	3
	2,3,14,8,9,20,21
	2]

	65
	2
	12,13
	1
	[65
	3
	2,3,14,15,8,9,20,21
	2]

	66
	2
	14,15
	1
	[66
	3
	4,5,10,11,22
	2]

	[67
	2
	12-14
	1]
	[67
	3
	4,5,16,10,11,22
	2]

	[68
	2
	12-15
	1]
	[68
	3
	4,5,16,10,11,22,23
	2]

	69
	3
	12
	1
	[69
	3
	4,5,16,17,10,11,22,23
	2]

	70
	3
	13
	1
	
	
	
	

	71
	3
	14
	1
	
	
	
	

	72
	3
	15
	1
	
	
	
	

	73
	3
	16
	1
	
	
	
	

	74
	3
	17
	1
	
	
	
	

	75
	3
	12,13
	1
	
	
	
	

	76
	3
	14,15
	1
	
	
	
	

	77
	3
	16,17
	1
	
	
	
	

	[78
	3
	12-14
	1]
	
	
	
	

	[79
	3
	15-17
	1]
	
	
	
	

	[80
	3
	12-15
	1]
	
	
	
	

	[81
	2
	12,14
	1]
	
	
	
	

	82
	3
	12
	2
	
	
	
	

	83
	3
	13
	2
	
	
	
	

	84
	3
	14
	2
	
	
	
	

	85
	3
	15
	2
	
	
	
	

	86
	3
	16
	2
	
	
	
	

	87
	3
	17
	2
	
	
	
	

	88
	3
	18
	2
	
	
	
	

	89
	3
	19
	2
	
	
	
	

	90
	3
	20
	2
	
	
	
	

	91
	3
	21
	2
	
	
	
	

	92
	3
	22
	2
	
	
	
	

	93
	3
	23
	2
	
	
	
	

	94
	3
	12,13
	2
	
	
	
	

	95
	3
	14,15
	2
	
	
	
	

	96
	3
	16,17
	2
	
	
	
	

	97
	3
	18,19
	2
	
	
	
	

	98
	3
	20,21
	2
	
	
	
	

	99
	3
	22,23
	2
	
	
	
	

	[100
	3
	12,13,18
	2]
	
	
	
	

	[101
	3
	14,15,20
	2]
	
	
	
	

	[102
	3
	16,17,22
	2]
	
	
	
	

	[103
	3
	12,13,18,19
	2]
	
	
	
	

	[104
	3
	14,15,20,21
	2]
	
	
	
	

	[105
	3
	16,17,22,23
	2]
	
	
	
	

	106
	1
	12
	2
	
	
	
	

	107
	1
	13
	2
	
	
	
	

	108
	1
	18
	2
	
	
	
	

	109
	1
	19
	2
	
	
	
	

	110
	1
	12,13
	2
	
	
	
	

	111
	1
	18,19
	2
	
	
	
	

	112
	2
	12,13
	2
	
	
	
	

	113
	2
	14,15
	2
	
	
	
	

	114
	2
	18,19
	2
	
	
	
	

	115
	2
	20,21
	2
	
	
	
	

	116
	1
	0,1,12
	1
	
	
	
	

	117
	1
	0,1,12,13
	1
	
	
	
	

	118
	2
	0,1,12
	1
	
	
	
	

	119
	2
	0,1,12,13
	1
	
	
	
	

	120
	2
	2,3,14
	1
	
	
	
	

	121
	2
	2,3,14,15
	1
	
	
	
	

	122
	3
	0,1,12
	1
	
	
	
	

	123
	3
	0,1,12,13
	1
	
	
	
	

	124
	3
	2,3,14
	1
	
	
	
	

	125
	3
	2,3,14,15
	1
	
	
	
	

	126
	3
	4,5,16
	1
	
	
	
	

	127
	3
	4,5,16,17
	1
	
	
	
	

	[129
	1
	0,1,12
	2]
	
	
	
	

	[130
	1
	0,1,12,13
	2]
	
	
	
	

	[131
	1
	6,7,18
	2]
	
	
	
	

	[132
	1
	6,7,18,19
	2]
	
	
	
	

	[133
	2
	0,1,12
	2]
	
	
	
	

	[134
	2
	0,1,12,13
	2]
	
	
	
	

	[135
	2
	6,7,18
	2]
	
	
	
	

	[136
	2
	6,7,18,19
	2]
	
	
	
	

	[137
	2
	2,3,14
	2]
	
	
	
	

	[138
	2
	2,3,14,15
	2]
	
	
	
	

	[139
	2
	8,9,20
	2]
	
	
	
	

	[140
	2
	8,9,20,21
	2]
	
	
	
	

	[141
	3
	0,1,12
	2]
	
	
	
	

	[142
	3
	0,1,12,13
	2]
	
	
	
	

	[143
	3
	6,7,18
	2]
	
	
	
	

	[144
	3
	6,7,18,19
	2]
	
	
	
	

	[145
	3
	2,3,14
	2]
	
	
	
	

	[146
	3
	2,3,14,15
	2]
	
	
	
	

	[147
	3
	8,9,20
	2]
	
	
	
	

	[148
	3
	8,9,20,21
	2]
	
	
	
	

	[149
	3
	4,5,16
	2]
	
	
	
	

	[150
	3
	4,5,16,17
	2]
	
	
	
	

	[151
	3
	10,11,22
	2]
	
	
	
	

	[152
	3
	10,11,22,23
	2]
	
	
	
	

	[153
	3
	7,12,13
	2]
	
	
	
	

	[154
	3
	9,14,15
	2]
	
	
	
	

	[155
	3
	11,16,17
	2]
	
	
	
	

	[156
	3
	9,18,19
	2]
	
	
	
	

	[157
	3
	18,19,20
	2]
	
	
	
	

	[158
	3
	21,22,23
	2]
	
	
	
	



With similar rationale as for type 1 dual symbol DMRS (i.e., row 129-152 supports rank 3/4 MU very well for single CW. For 2 CWs, other rows are better than row 0-5, given row 0-1 occupies 3 CDM group, while row 2-4 occupies 2 TD-OCC in two CDM groups), the following proposal is made. 
Proposal 9: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, 
· For 1 CW, support rows 129-152. Do not support rows 9, 10, 20-23, 42-47, 67, 68, 78-80, 100-105, and 153-158. 
· For 2 CW, support rows 38-69. Don’t support rows 0-5. 
· Subject to UE capability, UE can indicate supporting rows 38-69 only, or all rows for 2 CWs. 
DMRS ports signalling for PUSCH
For DMRS ports signalling for PUSCH, there are two enhancements need to be covered for Rel-18. 
· Signalling Rel-15 DMRS ports to support >4 layers PUSCH
· Signalling Rel-18 DMRS ports to support 1-8 layers PUSCH

Signalling Rel-18 DMRS ports to support 1-8 layers PUSCH
For this issue, similar to DL, it is very naturally to reuse Rel-15 signalling table and expand it to add new entries for new ports introduced in Rel-18. Furthermore, for Rel-18, to achieve DMRS overhead reduction and to boost peak throughput for single UE, Rel-18 should allow >4 layers PUSCH to be scheduled with 8 DMRS ports with only 1 DMRS symbol. Therefore, the following additional principle should be following for Rel-18 DMRS. 
· Rel-18 should allow signalling >4 layers PUSCH with DMRS ports in one OFDM symbol

With the above analysis, the following proposals are made. 
Proposal 10: Support signalling >4 layers PUSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 11: Adopt Table 7.3.1.1.2-8/9/10/11/12/13/14/15/16/17/18/19/20/21/22/23-Rel18 and Table 7.3.1.1.2-8A/9A/10A/11A/12A/13A/14A/15A/16A/17A/18A/19A/20A/21A/22A/23A-Rel18 to signal Rel-18 DMRS ports for 1-8 layers PUSCH.
Note: the colour coding in tables is as the following. Black entries are reused Rel-15 entries. Green entries are “image” entries similar to Rel-15 entries. Red entries are entries to allow rank 3-4 in one CDM group and rank 5-8 in one DMRS symbol, with the purpose to save DMRS overhead to boost SU peak throughput. Blue entries are entries to allow rank 5-8 in one CDM group with dual DMRS symbols. The highlighted crossed/deleted entries are entries which distributes DMRS across more than one CDM groups or more than one TD-OCC codes. The highlighted crossed/deleted entries are entries which map layers of a same CW to different CDM groups.

Table 7.3.1.1.2-8-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	1
	8

	7
	1
	9

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12-15
	Reserved
	Reserved



Table 7.3.1.1.2-9-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	2
	0,2

	4
	1
	8,9

	5
	2
	8,9

	6
	2
	10,11

	7
	2
	8,10

	8-15
	Reserved
	Reserved



Table 7.3.1.1.2-10-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1
	2
	8-10

	2
	1
	0,1,8

	3
	2
	0,1,8

	4
	2
	2,3,10

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-11-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1
	2
	8-11

	2
	1
	0,1,8,9

	3
	2
	0,1,8,9

	4
	2
	2,3,10,11

	5-15
	Reserved
	Reserved



Table 7.3.1.1.2-8A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,3,10

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-9A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,8,2,3,10

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-10A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,8,2,3,10,11

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-11A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,8,9,2,3,10,11

	1-15
	Reserved
	Reserved



Table 7.3.1.1.2-12-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	2
	0
	2

	7
	2
	1
	2

	8
	2
	2
	2

	9
	2
	3
	2

	10
	2
	4
	2

	11
	2
	5
	2

	12
	2
	6
	2

	13
	2
	7
	2

	14
	1
	8
	1

	15
	1
	9
	1

	16
	2
	8
	1

	17
	2
	9
	1

	18
	2
	10
	1

	19
	2
	11
	1

	20
	2
	8
	2

	21
	2
	9
	2

	22
	2
	10
	2

	23
	2
	11
	2

	24
	2
	12
	2

	25
	2
	13
	2

	26
	2
	14
	2

	27
	2
	15
	2

	28-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-13-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	2
	0,2
	1

	3
	2
	0,1
	2

	4
	2
	2,3
	2

	5
	2
	4,5
	2

	6
	2
	6,7
	2

	8
	2
	0,4
	2

	9
	2
	2,6
	2

	7
	1
	8,9
	1

	8
	2
	8,9
	1

	9
	2
	10,11
	1

	10
	2
	8,9
	2

	11
	2
	10,11
	2

	12
	2
	12,13
	2

	13
	2
	14,15
	2

	14-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2

	3
	2
	8-10
	1

	4
	2
	8,9,12
	2

	5
	2
	10,11,14
	2

	0
	1
	0,1,8
	1

	1
	2
	0,1,8
	1

	2
	2
	2,3,10
	1

	3
	1
	0,1,8
	2

	4
	1
	4,5,12
	2

	5
	2
	0,1,8
	2

	6
	2
	4,5,12
	2

	7
	2
	2,3,10
	2

	8
	2
	6,7,14
	2

	9-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2

	4
	2
	8-11
	1

	5
	2
	8,9,12,13
	2

	6
	2
	10,11,14,15
	2

	7
	2
	8,10,12,14
	2

	0
	1
	0,1,8,9
	1

	1
	2
	0,1,8,9
	1

	2
	2
	2,3,10,11
	1

	3
	1
	0,1,8,9
	2

	4
	1
	4,5,12,13
	2

	5
	2
	0,1,8,9
	2

	6
	2
	4,5,12,13
	2

	7
	2
	2,3,10,11
	2

	8
	2
	6,7,14,15
	2

	9-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-12A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-4
	2

	1
	2
	8-12
	2

	0
	2
	0,1,2,3,10
	1

	1
	1
	0,1,4,5,12
	2

	2
	2
	0,1,4,5,12
	2

	3
	2
	2,3,6,7,14
	2

	4-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-13A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,4,6
	2

	1
	2
	8,9,10,11,12,14
	2

	0
	2
	0,1,8,2,3,10
	1

	1
	1
	0,1,8,4,5,12
	2

	2
	2
	0,1,8,4,5,12
	2

	3
	2
	2,3,10,6,7,14
	2

	4-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-6
	2

	1
	2
	8-14
	2

	0
	2
	0,1,8,2,3,10,11
	1

	1
	1
	0,1,8,4,5,12,13
	2

	2
	2
	0,1,8,4,5,12,13
	2

	3
	2
	2,3,10,6,7,14,15
	2

	6-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-7
	2

	1
	2
	8-15
	2

	0
	2
	0,1,8,9,2,3,10,11
	1

	1
	1
	0,1,8,9,4,5,12,13
	2

	2
	2
	0,1,8,9,4,5,12,13
	2

	3
	2
	2,3,10,11,6,7,14,15
	2

	6-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-16-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	3
	0

	7
	3
	1

	8
	3
	2

	9
	3
	3

	10
	3
	4

	11
	3
	5

	12
	1
	12

	13
	1
	13

	14
	2
	12

	15
	2
	13

	16
	2
	14

	17
	2
	15

	18
	3
	12

	19
	3
	13

	20
	3
	14

	21
	3
	15

	22
	3
	16

	23
	3
	17

	24-31
	Reserved
	Reserved



Table 7.3.1.1.2-17-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	3
	0,1

	4
	3
	2,3

	5
	3
	4,5

	6
	2
	0,2

	6
	1
	12,13

	7
	2
	12,13

	8
	2
	14,15

	9
	3
	12,13

	10
	3
	14,15

	11
	3
	16,17

	12-31
	Reserved
	Reserved



Table 7.3.1.1.2-18-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank =3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1
	3
	0-2

	2
	3
	3-5

	0
	1
	0,1,12

	1
	2
	0,1,12

	2
	2
	2,3,14

	3
	3
	0,1,12

	4
	3
	2,3,14

	5
	3
	4,5,16

	6-31
	Reserved
	Reserved



Table 7.3.1.1.2-19-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank =4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1
	3
	0-3

	0
	1
	0,1,12,13

	1
	2
	0,1,12,13

	2
	2
	2,3,14,15

	3
	3
	0,1,12,13

	4
	3
	2,3,14,15

	5
	3
	4,5,16,17

	6-31
	Reserved
	Reserved



Table 7.3.1.1.2-16A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-4

	1
	3
	12-16

	0
	2
	0,1,2,3,14

	1
	3
	0,1,2,3,14

	2-31
	Reserved
	Reserved



Table 7.3.1.1.2-17A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-5

	1
	3
	12-17

	0
	2
	0,1,12,2,3,14

	1
	3
	0,1,12,2,3,14

	2-31
	Reserved
	Reserved



Table 7.3.1.1.2-18A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,12,2,3,14,15

	1
	3
	0,1,12,2,3,14,15

	2-31
	Reserved
	Reserved



Table 7.3.1.1.2-19A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=1, rank=8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,12,13,2,3,14,15

	1
	3
	0,1,12,13,2,3,14,15

	2-31
	Reserved
	Reserved




Table 7.3.1.1.2-20-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1

	1
	1
	1
	1

	2
	2
	0
	1

	3
	2
	1
	1

	4
	2
	2
	1

	5
	2
	3
	1

	6
	3
	0
	1

	7
	3
	1
	1

	8
	3
	2
	1

	9
	3
	3
	1

	10
	3
	4
	1

	11
	3
	5
	1

	12
	3
	0
	2

	13
	3
	1
	2

	14
	3
	2
	2

	15
	3
	3
	2

	16
	3
	4
	2

	17
	3
	5
	2

	18
	3
	6
	2

	19
	3
	7
	2

	20
	3
	8
	2

	21
	3
	9
	2

	22
	3
	10
	2

	23
	3
	11
	2

	24
	1
	0
	2

	25
	1
	1
	2

	26
	1
	6
	2

	27
	1
	7
	2

	28
	1
	12
	1

	29
	1
	13
	1

	30
	2
	12
	1

	31
	2
	13
	1

	32
	2
	14
	1

	33
	2
	15
	1

	34
	3
	12
	1

	35
	3
	13
	1

	36
	3
	14
	1

	37
	3
	15
	1

	38
	3
	16
	1

	39
	3
	17
	1

	40
	3
	12
	2

	41
	3
	13
	2

	42
	3
	14
	2

	43
	3
	15
	2

	44
	3
	16
	2

	45
	3
	17
	2

	46
	3
	18
	2

	47
	3
	19
	2

	48
	3
	20
	2

	49
	3
	21
	2

	50
	3
	22
	2

	51
	3
	23
	2

	52
	1
	12
	2

	53
	1
	13
	2

	54
	1
	18
	2

	55
	1
	19
	2

	56-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0,1
	1

	1
	2
	0,1
	1

	2
	2
	2,3
	1

	3
	3
	0,1
	1

	4
	3
	2,3
	1

	5
	3
	4,5
	1

	6
	2
	0,2
	1

	6
	3
	0,1
	2

	7
	3
	2,3
	2

	8
	3
	4,5
	2

	9
	3
	6,7
	2

	10
	3
	8,9
	2

	11
	3
	10,11
	2

	12
	1
	0,1
	2

	13
	1
	6,7
	2

	14
	2
	0,1
	2

	15
	2
	2,3
	2

	16
	2
	6,7
	2

	17
	2
	8,9
	2

	18
	1
	12,13
	1

	19
	2
	12,13
	1

	20
	2
	14,15
	1

	21
	3
	12,13
	1

	22
	3
	14,15
	1

	23
	3
	16,17
	1

	24
	2
	12,14
	1

	24
	3
	12,13
	2

	25
	3
	14,15
	2

	26
	3
	16,17
	2

	27
	3
	18,19
	2

	28
	3
	20,21
	2

	29
	3
	22,23
	2

	30
	1
	12,13
	2

	31
	1
	18,19
	2

	32
	2
	12,13
	2

	33
	2
	14,15
	2

	34
	2
	18,19
	2

	35
	2
	20,21
	2

	36-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-2
	1

	1
	3
	0-2
	1

	2
	3
	3-5
	1

	3
	3
	0,1,6
	2

	4
	3
	2,3,8
	2

	5
	3
	4,5,10
	2

	0
	1
	0,1,12
	1

	1
	2
	0,1,12
	1

	2
	2
	2,3,14
	1

	3
	3
	0,1,12
	1

	4
	3
	2,3,14
	1

	5
	3
	4,5,16
	1

	6
	1
	0,1,12
	2

	7
	1
	6,7,18
	2

	8
	2
	0,1,12
	2

	9
	2
	6,7,18
	2

	10
	2
	2,3,14
	2

	11
	2
	8,9,20
	2

	12
	3
	0,1,12
	2

	13
	3
	6,7,18
	2

	14
	3
	2,3,14
	2

	15
	3
	8,9,20
	2

	16
	3
	4,5,16
	2

	17
	3
	10,11,22
	2

	18-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	3
	0-3
	1

	2
	3
	0,1,6,7
	2

	3
	3
	2,3,8,9
	2

	4
	3
	4,5,10,11
	2

	0
	1
	0,1,12,13
	1

	1
	2
	0,1,12,13
	1

	2
	2
	2,3,14,15
	1

	3
	3
	0,1,12,13
	1

	4
	3
	2,3,14,15
	1

	5
	3
	4,5,16,17
	1

	6
	1
	0,1,12,13
	2

	7
	1
	6,7,18,19
	2

	8
	2
	0,1,12,13
	2

	9
	2
	6,7,18,19
	2

	10
	2
	2,3,14,15
	2

	11
	2
	8,9,20,21
	2

	12
	3
	0,1,12,13
	2

	13
	3
	6,7,18,19
	2

	14
	3
	2,3,14,15
	2

	15
	3
	8,9,20,21
	2

	16
	3
	4,5,16,17
	2

	17
	3
	10,11,22,23
	2

	18-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-20A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=5
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	3
	0-4
	1

	1
	2
	0,1,2,3,6
	2

	2
	3
	12-16
	1

	3
	2
	12-15,18
	2

	0
	2
	0,1,2,3,14
	1

	1
	3
	0,1,2,3,14
	1

	2
	1
	0,1,6,7,18
	2

	3
	2
	0,1,6,7,18
	2

	4
	2
	2,3,8,9,20
	2

	5
	3
	0,1,6,7,18
	2

	6
	3
	2,3,8,9,20
	2

	7
	3
	4,5,10,11,22
	2

	8-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=6
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	3
	0-5
	1

	1
	2
	0,1,2,3,6,8
	2

	2
	3
	12-17
	1

	3
	2
	12-15,18,20
	2

	0
	2
	0,1,12,2,3,14
	1

	1
	3
	0,1,12,2,3,14
	1

	2
	1
	0,1,12,6,7,18
	2

	3
	2
	0,1,12,6,7,18
	2

	4
	2
	2,3,14,8,9,20
	2

	5
	3
	0,1,12,6,7,18
	2

	6
	3
	2,3,14,8,9,20
	2

	7
	3
	4,5,16,10,11,22
	2

	8-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=7
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,6,7,8
	2

	1
	2
	12-15,18-20
	2

	0
	2
	0,1,12,2,3,14,15
	1

	1
	3
	0,1,12,2,3,14,15
	1

	2
	1
	0,1,12,6,7,18,19
	2

	3
	2
	0,1,12,6,7,18,19
	2

	4
	2
	2,3,14,8,9,20,21
	2

	5
	3
	0,1,12,6,7,18,19
	2

	6
	3
	2,3,14,8,9,20,21
	2

	7
	3
	4,5,16,10,11,22,23
	2

	8-63
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23A-Rel18: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=8
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,1,2,3,6,7,8,9
	2

	1
	2
	12-15,18-21
	2

	0
	2
	0,1,12,13,2,3,14,15
	1

	1
	3
	0,1,12,13,2,3,14,15
	1

	2
	1
	0,1,12,13,6,7,18,19
	2

	3
	2
	0,1,12,13,6,7,18,19
	2

	4
	2
	2,3,14,15,8,9,20,21
	2

	5
	3
	0,1,12,13,6,7,18,19
	2

	6
	3
	2,3,14,15,8,9,20,21
	2

	7
	3
	4,5,16,17,10,11,22,23
	2

	8-63
	Reserved
	Reserved
	Reserved



UL PTRS related enhancements
Increase number of PTRS ports
UL PTRS needs to be enhanced to support 8 Tx PUSCH. One typical use case that motivates UL PTRS enhancement is the following scenario as illustrated by Fig 6. A UE has 8 PUSCH Tx ports where the 8 ports are distributed on 4 UL panels, where the ports within the same panel are coherent and the ports across different panels are noncoherent. For this partial coherent UE, since each panel would need a separate oscillator to generate Tx waveform, 4 independent phase noise would be added into the 8 Tx PUSCH transmission. Therefore, 4 PTRS ports, each for one panel, are needed for receiver to estimate the phase noise separately for each UL panel. Therefore, in Rel-18, with 8 Tx PUSCH, it is necessary to increase the number of PTRS from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based PUSCH and codebook based PUSCH.
[image: A picture containing application
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[bookmark: _Ref111060685]Fig 6: Examples 8 Tx PUSCH transmission requires 4 PTRS ports 
Based on the above reasoning, the following proposal is made.
Proposal 12: Increase # UL PTRS ports from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based 8 Tx PUSCH and codebook based 8 Tx PUSCH. 
· FFS: enhancements to support up to 4 PTRS ports. 

With Rel-18 specification supports up to 4 PTRS ports, for a UE with 8 PUSCH Tx ports, UE should send a signaling to indicate how many PTRS ports it requires, based on UE’s hardware architecture. One should notice that, for a set of coherent PUSCH Tx ports, it is assumed that a single PTRS port is enough to cover them. However, for a set of noncoherent PUSCH Tx ports, it is up to UE’s capability whether a single or multiple PTRS ports are needed to support them. Therefore, for 8 partial and noncoherent PUSCH Tx, a UE capability is needed to report to network how many PTRS ports are needed. 
[image: A picture containing graphical user interface
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Fig 7: UE capability signaling of required # PTRS ports 
Proposal 13: Specify a new UE capability to indicate the number of PTRS ports, X, required by the UE, where . 
· FFS: PTRS ports to DMRS ports association enhancements.

PTRS Power boost 
PTRS is a single layer transmission, i.e., each PTRS tone only transmit one PTRS port. Multiple PTRS ports are FDMed on multiple PTRS tones. Therefore, if the PUSCH transmission is with more than 1 layers, on PTRS tone, UE may be able to borrow power from the muted layer(s) to boost the power of single layer PTRS transmission. 
There are actually two sources that a PTRS tone (which is denoted as tone T), assuming it is associated with PUSCH layer X, can potentially borrow power from. 
· Source 1: borrow power from other PUSCH layers (layers other than X) on the same tone T, which are mutes on this tone T. 
· Source 2: borrow power from the same PUSCH layer X on a different PTRS tone (for a different PTRS port), as layer X is muted on the different PTRS tone. 

[image: ]
Fig 8: Illustration of the two potential sources to borrow power for PTRS power boosting 
The above two listed sources are actually just potential sources to borrow power for PTRS power boosting. But whether a UE can actually borrow power from these two sources depends on two criteria, as listed below. 
· Coherence of the multiple Tx of the UE, i.e., the precoder (TPMI) used of the PUSCH is fully coherent, partial coherent, or non-coherent. 
· Power amplifier capability of each Tx, i.e., whether each of the PA for each Tx is fully rated PA or not.  

Based on the above analysis, we then look at Rel-15 PTRS power boost table, which is copied below and verify how it works with the above two sources to borrow power and the associated two criteria. 

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved


Note 1: Qp is the number of PTRS ports that the UE is configured with.
Note 2: Row 00 is the UE with “small” PAs where every single PA can only generate full power (w.r.t UE’s power class)/# Tx. Row 01 is the UE with “big” PAs where every single PA can generate full power (w.r.t UE’s power class). Whether UE use row 00 or 01 is signaled by RRC parameter ptrs-Power
The following are the details of the rationale why Rel-15 PTRS power boost table is defined as in Table 6.2.3.1-3 in spec. 
· For single layer PUSCH, PTRS power boost is not allowed, as neither of the two sources for power borrowing is available. 
· For 2-layer or 3-layer PUSCH, 
· With full coherent precoder, 3dB (with 2-layer PUSCH) or 4.77dB (with 3-layer PUSCH)  power boost is always available regardless of the PA capability (i.e., row 00 or 01), because UE can always borrow power from source 1 (other PUSCH layers) by lighting up all antennas to transmit a PTRS port. 
· With partial or noncoherent precoder, UE cannot light up all Tx antennas to transmit a PTRS port. Therefore, whether power boost is available or not depends on PA capability, i.e., row 00 or row 01. When “big” PAs are used, i.e., row 01, 3dB or 4.77dB power boost is always available because UE can always borrow power from source 1 (other PUSCH layers), even by lighting up one Tx antenna. However, when “small” PAs are used, i.e., row 00, UE cannot borrow power from source 1 (other PUSCH layers). UE can only borrow power from source 2 (other PTRS tone). Therefore, when Qp=1, PTRS power boost is not available, while when Qp=2, PTRS power boost can be 3dB. 
· For 4-layer PUSCH, 
· With full coherent precoder, 4dB power boost is always available, based on the same reason as for 2 or 3 layers PUSCH. 
· With partial coherent precoder
· For row 01, 6dB power boost is always available because UE can always borrow power from source 1 (other PUSCH layers), even by lighting up one Tx antenna.
· For row 00, with Qp=1, UE can do 3dB power boost for PTRS because the PTRS port can borrow power from 1 PUSCH layer which is coherent with the PUSCH layer that PTRS is associated with. With Qp=2, UE can do 6dB power boost for PTRS because UE can further borrow power from source 2, in addition to the one PUSCH layer in source 1. 
· With noncoherent precoder
· For row 01, 6dB power boost is always available because UE can always borrow power from source 1 (other PUSCH layers), even by lighting up one Tx antenna.
· For row 00, UE cannot borrow power from source 1 (other PUSCH layers). UE can only borrow power from source 2 (other PTRS tone). Therefore, when Qp=1, PTRS power boost is not available, while when Qp=2, PTRS power boost can be 3dB.

The above rationale for Rel-15 PTRS power boost looks very complicated. However, it can be summarized into the following a few simple principles. 
· Principle 1: for a UE where each Tx port can support full power transmission w.r.t. UE power class (row 01), the PTRS to PUSCH power ratio is 10log10(L), where L is the total number of PUSCH layers.
· Principle 2: for a UE where not each Tx can support full power transmission w.r.t. UE power class (row 00), the PTRS to PUSCH power ratio is determined as the following
· Principle 2.1: For fully coherent TPMIs, PTRS to PUSCH power ratio is 10log10(L), where L is the total number of PUSCH layers.
· Principle 2.2: For noncoherent TPMIs, PTRS to PUSCH power ratio is 10log10(Qp), where Qp is the number of PTRS ports configured to the UE. 
· Principle 2.2: For noncodebook PUSCH, PTRS to PUSCH power ratio is 10log10(Qp), where Qp is the number of PTRS ports configured to the UE. 
· Principle 2.4: For partial coherent TPMIs, PTRS to PUSCH power ratio for PTRS port x is min{10log10(Lx)+10log10(Qp),10log10(L)}, where Lx is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with. 

The principle 1, principle 2.1, 2.2, and 2.3 are very straightforward, which can be derived from the table easily. Principle 2.4 can be explained as the following. For partial coherent precoders, power cannot be borrowed between layers in different coherent group. Therefore, from source 1, UE can boost PTRS power by 10log10(Lx). Furthermore, from source 2, UE can boost PTRS power by 10log10(Qp). The power boost from the two sources can be combined. But the combined power boost cannot exceed the power on nominal data tones, which results the cap of 10log10(L) on power boost ratio. Fig 9 illustrates the PTRS power boost with 4x2 partial coherent precoder for 2 layers PUSCH in Rel-15. Fig 10Fig 9 illustrates the PTRS power boost with 4x4 partial coherent precoder for 4 layers PUSCH in Rel-15. 

[image: ]
[bookmark: _Ref126872385]Fig 9: PTRS power boost with 4x2 partial coherent precoder for 2 layers PUSCH in Rel-15
[image: ]
[bookmark: _Ref126872414]Fig 10: PTRS power boost with 4x4 partial coherent precoder for 4 layers PUSCH in Rel-15
For Rel-18 PTRS power boost, the Rel-15 principles 1, 2.1, 2.2, and 2.3 can be reused. The only slight extension is that principle 2.3 should allow different PTRS power boost ratio on different PTRS ports, as illustrate by the following Fig 11. The reason of resulting different power boost ratio per PTRS port is because different coherent antenna groups (panels) could transmit different number of layers (such as 2layers and 3layers, or 2layers and 4layers from panel 1 and panel 2 respectively). This result of different PTRS power ratio per PTRS port is the naturally outcome of principle 2.3, which is also a reasonable outcome of the allowed unequal layer split between UL panels. 
[image: ]
[bookmark: _Ref126869871]Fig 11: Illustration of principle 2.3 in Rel-18 resulting different PTRS power boost ratio for different PTRS ports
In RAN1#112 bits-e, the following agreement was made. Agreement
For 8Tx PUSCH, specify the factor related to PUSCH to PTRS power ratio per layer per RE () based on the following principles.
· Principle 1: When the ptrs-Power configures 01, the factor () is 10log10(L), where L is the total number of PUSCH layers.
· Principle 2: When the ptrs-Power configures 00, the factor () is determined as the following
· Principle 2.1: For fully coherent TPMIs, the factor () is 10log10(L), where L is the total number of PUSCH layers.
· Principle 2.2: For non-coherent TPMIs, the factor () is 10log10(Qp), where Qp is the number of PTRS ports scheduled to the UE.
· Principle 2.3: For non-codebook PUSCH, the factor () is 10log10(Qp), where Qp is the number of PTRS ports scheduled to the UE.
· FFS: The factor () for partial coherent TPMIs


As we can see, PTRS power boost rules are almost settled except for the case of partial coherent TPMIs. With the above analysis of principle 2.4, the following proposal is made. 
Proposal 14: When the ptrs-Power configures 00,  for partial coherent TPMIs, PTRS to PUSCH power ratio for PTRS port x, denoted as factor () is, is min{10log10(Lx)+10log10(Qp),10log10(L)}, where Lx is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with. 
· Note: the above could result different power boost ratio for different PTRS port x.
Revisit Orphan RB issue for eType 2 DMRS
Orphan RB issue was discussed in previous RAN1 meetings, with the following agreement for eType 1 DMRS. 
Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Previous discussion was mainly focused on eType 1 DMRS. RAN1 was assuming eType 2 DMRS does not have orphan RB issue, simply because eType 2 can support 12 DMRS ports in one RB (of 12 tones). However, if we look deeper into the orphan RB with eType 2 DMRS, the channel estimation in orphan RB is broken in practice. In the orphan RB, there is only essentially one observation/look per DMRS port. UE can only do 1 tap (DC) channel estimation. Given practical channel is not single tap channel, the orphan RB will become the performance bottleneck for the whole PDSCH assignment. To overcome this issue, a UE has to do precoder detection, compensate the precoder to align the orphan RB with other RBs to estimate the channel, then restore the precoder to get the precoded channel for the orphan RB. This is a very complicated extra procedure to implement and a normal UE will not do it. Therefore, it is reasonable to introduce a dedicated UE capability for an advanced UE.  

[image: ]
With the above analysis, we have the following proposal. 
Proposal 15: For FD-OCC length 4 in Rel.18 eType 2 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 2 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 2 DMRS.
· The scheduling restriction above means satisfying all of the following. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Conclusions
In summary, we have the following proposals for increasing the number of orthogonal DMRS ports for Rel-18 MIMO evolution. 
 Proposal 1: Adopt the following MU scheduling restriction for Rel.18 DMRS ports for PDSCH.
· If the DMRS ports of a UE are in more than one CDM groups, the UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
· The above applies to both single symbol and dual symbol DMRS.
· Furthermore, for dual symbol DMRS, if the DMRS ports of a UE are associated with more than one TD-OCC codes in one CDM group, the UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.

Proposal 2: A UE is expected the same “number of CDM groups without data” for co-schedule MU in Rel-18 DL DMRS. 
Proposal 3: A UE is expected the same PRG boundary and the same RB assignment (in PRG-level grid) for co-schedule MU in same and different CDM groups in Rel-18 DL DMRS. 
Proposal 4: A UE is expected the same staring OFDM symbol and the same ending OFDM symbol for PDSCH of co-schedule MU in Rel-18 DL DMRS. 
Proposal 5: For antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the additional rows 4-9 in the following table for 2 CWs. 
· Subject to UE capability, UE can indicate supporting values {4,5,6,7} only, or values {0,1,2,3,4,5,6,7,8,9}. 

	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,1,2,3,8

	1
	2
	0,1,2,3,8,10

	2
	2
	0,1,2,3,8,9,10

	3
	2
	0,1,2,3,8,9,10,11

	4
	2
	0,1,2,3,10

	5
	2
	0,1,8,2,3,10

	6
	2
	0,1,8,2,3,10,11

	7
	2
	0,1,8,9,2,3,10,11

	8
	2
	0,2,3,8,9

	9
	2
	0,1,2,3,8,9



Proposal 6: Do not support entry 23 with DMRS ports combination [9,11] in DMRS ports table for type 1 single symbol DMRS.
Proposal 7: For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 2 for PDSCH, 
· For 1 CW, support rows 69-80. Do not support rows 9-11, 24-30, 55-60, and 81-83. 
· For 2 CW, support rows 20-35. Don’t support row 0-3. 
· Subject to UE capability, UE can indicate supporting rows 20-35 only, or all rows for 2 CWs. 

Proposal 8: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 1 for PDSCH, 
· For 1 CW, do not support rows 9, 10, 20-23, 33, 34, 44-46, 60-62. 
· For 2 CW, support rows 13-20. Don’t support row 2-3. 
· Subject to UE capability, UE can indicate supporting rows 13-20 only, or all rows for 2 CWs. 

Proposal 9: For the antenna ports indication in Rel.18 eType2 DMRS ports with maxLength = 2 for PDSCH, 
· For 1 CW, support rows 129-152. Do not support rows 9, 10, 20-23, 42-47, 67, 68, 78-80, 100-105, and 153-158. 
· For 2 CW, support rows 38-69. Don’t support rows 0-5. 
· Subject to UE capability, UE can indicate supporting rows 38-69 only, or all rows for 2 CWs. 

Proposal 10: Support signalling >4 layers PUSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 11: Adopt Table 7.3.1.1.2-8/9/10/11/12/13/14/15/16/17/18/19/20/21/22/23-Rel18 and Table 7.3.1.1.2-8A/9A/10A/11A/12A/13A/14A/15A/16A/17A/18A/19A/20A/21A/22A/23A-Rel18 to signal Rel-18 DMRS ports for 1-8 layers PUSCH.
Note: the colour coding in tables is as the following. Black entries are reused Rel-15 entries. Green entries are “image” entries similar to Rel-15 entries. Red entries are entries to allow rank 3-4 in one CDM group and rank 5-8 in one DMRS symbol, with the purpose to save DMRS overhead to boost SU peak throughput. Blue entries are entries to allow rank 5-8 in one CDM group with dual DMRS symbols. The highlighted crossed/deleted entries are entries which distributes DMRS across more than one CDM groups or more than one TD-OCC codes. The highlighted crossed/deleted entries are entries which map layers of a same CW to different CDM groups.
Proposal 12: Increase # UL PTRS ports from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based 8 Tx PUSCH and codebook based 8 Tx PUSCH. 
· FFS: enhancements to support up to 4 PTRS ports. 

Proposal 13: Specify a new UE capability to indicate the number of PTRS ports, X, required by the UE, where . 
· FFS: PTRS ports to DMRS ports association enhancements.

Proposal 14: When the ptrs-Power configures 00,  for partial coherent TPMIs, PTRS to PUSCH power ratio for PTRS port x, denoted as factor () is, is min{10log10(Lx)+10log10(Qp),10log10(L)}, where Lx is the number of PUSCH layers which are precoded coherently with the PUSCH layer where PTRS port x is associated with. 
· Note: the above could result different power boost ratio for different PTRS port x.

Proposal 15: For FD-OCC length 4 in Rel.18 eType 2 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 2 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 2 DMRS.
· The scheduling restriction above means satisfying all of the following. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.
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