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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. 
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]Dynamic switch between FD-OCC2 and FD-OCC4
In RAN1 #110, there was a discussion on how to switch between length 2 FD-OCC and length 4 FD-OCC. The following agreement was made to further study whether there is potential gain with dynamic DCI based switch. 
Agreement
For increased DMRS ports for enhanced FD-OCC, study whether/how to support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC (where M > 2).

As shown in the following figure, due to the “nested” property of FD-OCC code, port 0/1 can be viewed with FD-OCC 2, if port 8/9 does not exist. While, port 0/1 can be viewed with FD-OCC 4, if port 8/9 exist. In other words, port 0/1 can be treated as with either FD-OCC 2 or FD-OCC 4, depends on the other (MU) ports are used or not by gNB. The potential gain for this dynamic FD-OCC size switch, if exist, is because the channel estimation of port 0/1 can potentially be improved assuming FD-OCC2 than assuming FD-OCC4, when receiver performs channel estimation. 
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Fig 1: Concept of FD-OCC 4 and FD-OCC 2 switch
On the other hand, it is obvious that this dynamic switch would significantly increase UE’s implementation complexity.  As shown in Fig 2, with DCI triggered dynamic switch, UE need to implement two different channel estimation block and dynamically switch between them based on DCI decoding result. This will increase UE’s hardwire cost, software control logic complexity, and processing time for PDSCH decoding and PUSCH transmission. 
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[bookmark: _Ref115177096]Fig 2: Receiver structure of FD-OCC 4 and FD-OCC 2 switch
Based on the above analysis, the question is how large the performance gain of dynamic OCC size switch is, which should be studied to justify whether supporting dynamic switch via DCI or not. In the reminder of this section, the following scenarios is simulated. 
· Scenario 1: Key simulation assumptions
· 2 MU users with single symbol type 1 DMRS. Two users are on two different combs.  
· Each user with rank 2 PDSCH. UE 1 with DMRS port 0/1. UE 2 with DMRS port 2/3. 
· gNB indicates UE to assume size 4 FD-OCC for the total 4 layers MU PDSCH reception
· UE channel estimation assumes size 4 FD-OCC
· Scenario 2: 
· 2 MU users with single symbol type 1 DMRS. Two users are on two different combs.   
· Each user with rank 2 PDSCH. UE 1 with DMRS port 0/1. UE 2 with DMRS port 2/3.
· gNB indicates UE to assume size 2 FD-OCC for the total 4 layers MU PDSCH reception
· UE channel estimation assumes size 2 FD-OCC

The only difference between the two scenario is the UE’s channel estimation assumes size 4 FD-OCC in scenario 1, while assumes size 2 FD-OCC in scenario 2. The average throughput across the two UEs are simulated under the channel with 1000ns delay spread, which is the channel where the largest gain of OCC size switch can potentially offer. The comparison between scenario 1 and scenario 2, based on joint MMSE, is shown in Fig 3. Based on the simulation results, only negligible gain is observed between FD-OCC 4 and FD-OCC 2. Based on the simulation result, it is not justified to support DCI based dynamic OCC size switch, considering the complexity of UE implementation. 
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[bookmark: _Ref115194880]Fig 3: Performance comparison between assuming FD-OCC 2 vs FD-OCC 4 with joint MMSE channel estimation
Based on the above study results, the following proposal is made. 
Proposal 1: Do not support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC. 
Rel-18 DMRS ports signalling
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 4. 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 4: Rel-18 DMRS ports grouping structure
MU-scheduling restriction
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 5 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. 

[image: Chart

Description automatically generated]
[bookmark: _Ref101993719]Fig 5: 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. 
[bookmark: _Hlk95315192]Proposal 2: Adopt the following MU scheduling restriction for Rel-18 enhanced DMRS for PDSCH 
· For single symbol DMRS, if the DMRS ports of a UE are in two or more CDM groups, the UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
· For double symbol DMRS, a UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE, unless the UE and the co-scheduled UE each associated with a distinct TD-OCC for their DMRS ports respectively. 
Mapping layers of 2 CWs PDSCH/PUSCH to Rel-18 DMRS ports
For two CWs PDSCH/PUSCH, one open issue is how to map layers of the two CWs to Rel-18 DMRS ports. On this issue, one reasonable approach is mapping the layers belong to a same CW to DMRS ports of a same CDM group. In other words, it is not preferred to map the layers of a CW to DMRS ports across different CDM groups. The layers of a CW should be mapped to DMRS ports confined within a 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. 
· 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.

With the above principle, one example of layer to DMRS ports mapping for Rel-18 type 1 single symbol DMRS is given in the following figure. 
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Fig 6: Example of layer to DMRS ports mapping for type 1 single-symbol DMRS

With the above analysis, we think that a small modification can be made on the FL proposal (made in RAN1 #111) for 2 CWs DMRS ports table. For example, with 5 layers PDSCH, current proposal will map the two layers of the first CW to DMRS ports {0,1}, which is fine. But it will map the 3 layers of the second CW to DMRS ports {2,3,8}, which is not preferred because the second CW is distributed on two CDM group. A small change could fix the problem by replace {2,3,8} by {2,3,10}. For 6,7,8 layers PDSCH, a similar small change can be made, which is listed in the following table. 
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	2
	0,1, 2,3,8,10
	Rank 5-8 with one DMRS symbol

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

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

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

	
	
	
	



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 7: Example of layer to DMRS ports mapping for type 1 2-symbol DMRS
With the above analysis, the following proposal is made for layers to DMRS ports mapping
Proposal 3: Support the following rule for mapping layers of 2 CWs PDSCH/PUSCH to Rel-18 DMRS ports.
· For single-symbol DMRS, the respective layers of each of the two CWs map to DMRS ports within a same CDM group. Layers of one CW are not mapped to DMRS ports across different CDM groups.
· For dual-symbol DMRS, the respective layers of each of the two CWs map to DMRS ports within a same TD-OCC in a same CDM group. Layers of one CW are not mapped to DMRS ports across different TD-OCC nor different CDM groups.

DMRS ports signalling for PDSCH with single TRP
First of all, for Rel-18, to achieve DMRS overhead reduction and to boost peak throughput for single UE, Rel-18 should allow >4 layers PDSCH to be scheduled with DMRS ports within only 1 DMRS symbol. Therefore, the following additional principle should be following for Rel-18 DMRS. 
· Rel-18 should allow signalling >4 layers PDSCH with DMRS ports in one OFDM symbol

Proposal 4: Support signalling >4 layers PDSCH with Rel-18 DMRS ports in one OFDM symbol.
The rest of open issue on DMRS ports signalling is settle down the entries of the Rel-18 DMRS ports table. Before we design the table, it is beneficial to review the principles that were used to design Rel-15 DMRS ports signalling. It is observed that Rel-15 DMRS ports signalling tables (e.g., Table 7.3.1.2.2-2) was designed following the below principles: 
· The table should cover 1, 2, 3 CDM group(s) without data
· Put DMRS ports of a same UE into a same CDM group as much as possible. If one CDM group cannot accommodate required number of DMRS ports, use the next CDM group. 
· In one CDM group, put DMRS ports into a same sub-group with a same TD-OCC code. If one sub-group cannot accommodate required number of DMRS ports, use the next sub-group with a different TD-OCC codes. 

There is no justification to deviate from the above principles to design Rel-18 DMRS ports for PDSCH. Therefore, for Rel-18, we reuse the above principle to design PDSCH DMRS ports signalling. 
Furthermore, Rel-15 DMRS design has adopted the following special entries for SU-MIMO performance optimization. 
· Allow a few special entries which effectively use FD-OCC-1, such as value 11 with DMRS ports {0,2} in Table 7.3.1.2.2-1, or value 24 with DMRS ports {0,4} and value 25 with DMRS ports {2,6} in Table 7.3.1.2.2-2. The advantage of those special entries is that they are robust in high delay spread channels. 
However, the main use case for Rel-18 DMRS enhancement is for MU MIMO enhancement. We are fine to not include those entries for Rel-18 DMRS. Also, following the direction of Proposal 2, for single CW PDSCH where UE is only capable to estimate up to 4 DMRS ports, it is not desired to allow a combination of DMRS ports across more than two CDM group for single symbol DMRS. For dual symbol DMRS, for single CW PDSCH where UE is only capable to estimate up to 4 DMRS ports, it is not desired to allow a combination of DMRS ports across two different TD-OCC codes even in a same CDM group. 
With the above analysis, also taking Proposal 3 into consideration, the following proposal is made to finalize Rel-18 DMRS ports signalling tables for PDSCH with single TRP. 
Proposal 5: Adopt Table 7.3.1.2.2-1/2/3/4-Rel18 to signal Rel-18 DMRS ports for 1-8 layers PDSCH with single TRP.
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. The deleted entries are freed up to add red entries to boost SU performance.  
Table 7.3.1.2.2-1-Rel18: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, 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)
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes

	0
	1
	0
	Cat 1
	0
	2
	0,1, 2,3,10
	Rank 5-8 with one DMRS symbol

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

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

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

	4
	2
	1
	
	
	
	
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	2
	0-2
	
	
	
	
	

	10
	2
	0-3
	
	
	
	
	

	11
	2
	0,2
	
	
	
	
	

	9
	1
	8
	Cat 2

	
	
	
	

	10
	1
	9
	
	
	
	
	

	11
	1
	8,9
	
	
	
	
	

	12
	2
	8
	
	
	
	
	

	13
	2
	9
	
	
	
	
	

	14
	2
	10
	
	
	
	
	

	15
	2
	11
	
	
	
	
	

	16
	2
	8,9
	
	
	
	
	

	17
	2
	10,11
	
	
	
	
	

	18
	2
	8-10
	
	
	
	
	

	19
	2
	8-11
	
	
	
	
	

	20
	2
	8,10, or 9,11
	
	
	
	
	

	18
	1
	0,1,8
	Cat 3
	
	
	
	

	19
	1
	0,1,8,9
	
	
	
	
	

	20
	2
	0,1,8
	
	
	
	
	

	21
	2
	0,1,8,9
	
	
	
	
	

	22
	2
	2,3,10
	
	
	
	
	

	23
	2
	2,3,10,11
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Table 7.3.1.2.2-2-Rel18: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, 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
	8-12
	2

	5
	2
	2
	1
	5
	2
	8,9,10,11,12,14
	2

	6
	2
	3
	1
	6
	2
	8-14
	2

	7
	2
	0,1
	1
	7
	2
	8-15
	2

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

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

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

	11
	2
	0,2
	1
	4
	2
	0,1,8,9,2,3,10,11
	1

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

	10
	2
	1
	2
	6
	1
	0,1,8,4,5,12
	2

	11
	2
	2
	2
	7
	1
	0,1,8,4,5,12,13
	2

	12
	2
	3
	2
	8
	1
	0,1,8,9,4,5,12,13
	2

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

	14
	2
	5
	2
	10
	2
	0,1,8,4,5,12
	2

	15
	2
	6
	2
	11
	2
	0,1,8,4,5,12,13
	2

	16
	2
	7
	2
	12
	2
	0,1,8,9,4,5,12,13
	2

	17
	2
	0,1
	2
	13
	2
	2,3,6,7,14
	2

	18
	2
	2,3
	2
	14
	2
	2,3,10,6,7,14
	2

	19
	2
	4,5
	2
	15
	2
	2,3,10,6,7,14,15
	2

	20
	2
	6,7
	2
	16
	2
	2,3,10,11,6,7,14,15
	2

	24
	2
	0,4
	2
	
	
	
	

	25
	2
	2,6
	2
	
	
	
	

	26
	2
	0,1,4
	2
	
	
	
	

	27
	2
	2,3,6
	2
	
	
	
	

	28
	2
	0,1,4,5
	2
	
	
	
	

	29
	2
	2,3,6,7
	2
	
	
	
	

	30
	2
	0,2,4,6
	2
	
	
	
	

	21
	1
	8
	1
	
	
	
	

	22
	1
	9
	1
	
	
	
	

	23
	1
	8,9
	1
	
	
	
	

	24
	2
	8
	1
	
	
	
	

	25
	2
	9
	1
	
	
	
	

	26
	2
	10
	1
	
	
	
	

	27
	2
	11
	1
	
	
	
	

	28
	2
	8,9
	1
	
	
	
	

	29
	2
	10,11
	1
	
	
	
	

	30
	2
	8-10
	1
	
	
	
	

	31
	2
	8-11
	1
	
	
	
	

	32
	2
	8,10
	1
	
	
	
	

	30
	2
	8
	2
	
	
	
	

	31
	2
	9
	2
	
	
	
	

	32
	2
	10
	2
	
	
	
	

	33
	2
	11
	2
	
	
	
	

	34
	2
	12
	2
	
	
	
	

	35
	2
	13
	2
	
	
	
	

	36
	2
	14
	2
	
	
	
	

	37
	2
	15
	2
	
	
	
	

	38
	2
	8,9
	2
	
	
	
	

	39
	2
	10,11
	2
	
	
	
	

	40
	2
	12,13
	2
	
	
	
	

	41
	2
	14,15
	2
	
	
	
	

	42
	2
	8,12
	2
	
	
	
	

	43
	2
	10,14
	2
	
	
	
	

	44
	2
	8,9,12
	2
	
	
	
	

	45
	2
	10,11,14
	2
	
	
	
	

	46
	2
	8,9,12,13
	2
	
	
	
	

	47
	2
	10,11,14,15
	2
	
	
	
	

	48
	2
	8,10,12,14
	2
	
	
	
	

	42
	1
	0,1,8
	1
	
	
	
	

	43
	1
	0,1,8,9
	1
	
	
	
	

	44
	2
	0,1,8
	1
	
	
	
	

	45
	2
	0,1,8,9
	1
	
	
	
	

	46
	2
	2,3,10
	1
	
	
	
	

	47
	2
	2,3,10,11
	1
	
	
	
	

	48
	1
	0,1,8
	2
	
	
	
	

	49
	1
	0,1,8,9
	2
	
	
	
	

	50
	1
	4,5,12
	2
	
	
	
	

	51
	1
	4,5,12,13
	2
	
	
	
	

	52
	2
	0,1,8
	2
	
	
	
	

	53
	2
	0,1,8,9
	2
	
	
	
	

	54
	2
	4,5,12
	2
	
	
	
	

	55
	2
	4,5,12,13
	2
	
	
	
	

	56
	2
	2,3,10
	2
	
	
	
	

	57
	2
	2,3,10,11
	2
	
	
	
	

	58
	2
	6,7,14
	2
	
	
	
	

	59
	2
	6,7,14,15
	2
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Table 7.3.1.2.2-3-Rel18: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, 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
	0
	2
	0,1,2,3,14

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

	6
	2
	3
	2
	2
	0,1,12,2,3,14,15

	7
	2
	0,1
	3
	2
	0,1,12,13,2,3,14,15

	8
	2
	2,3
	
	
	

	9
	2
	0-2
	
	
	

	10
	2
	0-3
	
	
	

	9
	3
	0
	
	
	

	10
	3
	1
	
	
	

	11
	3
	2
	
	
	

	12
	3
	3
	
	
	

	13
	3
	4
	
	
	

	14
	3
	5
	
	
	

	15
	3
	0,1
	
	
	

	16
	3
	2,3
	
	
	

	17
	3
	4,5
	
	
	

	18
	3
	0-2
	
	
	

	19
	3
	3-5
	
	
	

	20
	3
	0-3
	
	
	

	21
	2
	0,2
	
	
	

	18
	1
	12
	
	
	

	19
	1
	13
	
	
	

	20
	1
	12,13
	
	
	

	21
	2
	12
	
	
	

	22
	2
	13
	
	
	

	23
	2
	14
	
	
	

	24
	2
	15
	
	
	

	25
	2
	12,13
	
	
	

	26
	2
	14,15
	
	
	

	27
	2
	12-14
	
	
	

	28
	2
	12-15
	
	
	

	27
	3
	12
	
	
	

	28
	3
	13
	
	
	

	29
	3
	14
	
	
	

	30
	3
	15
	
	
	

	31
	3
	16
	
	
	

	32
	3
	17
	
	
	

	33
	3
	12,13
	
	
	

	34
	3
	14,15
	
	
	

	35
	3
	16,17
	
	
	

	36
	3
	12-14
	
	
	

	37
	3
	15-17
	
	
	

	38
	3
	12-15
	
	
	

	39
	2
	12,14
	
	
	

	40
	1
	0,1,12
	
	
	

	41
	1
	0,1,12,13
	
	
	

	42
	2
	0,1,12
	
	
	

	43
	2
	0,1,12,13
	
	
	

	44
	2
	2,3,14
	
	
	

	45
	2
	2,3,14,15
	
	
	

	46
	3
	0,1,12
	
	
	

	47
	3
	0,1,12,13
	
	
	

	48
	3
	2,3,14
	
	
	

	49
	3
	2,3,14,15
	
	
	

	50
	3
	4,5,16
	
	
	

	51
	3
	4,5,16,17
	
	
	



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, 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
	3
	12-16
	1

	7
	2
	0,1
	1
	7
	3
	12-17
	1

	8
	2
	2,3
	1
	8
	2
	12-15,18
	2

	9
	2
	0-2
	1
	9
	2
	12-15,18,20
	2

	10
	2
	0-3
	1
	10
	2
	12-15,18-20
	2

	9
	3
	0
	1
	11
	2
	12-15,18-21
	2

	10
	3
	1
	1
	1
	2
	0,1,2,3,14
	1

	11
	3
	2
	1
	2
	2
	0,1,12,2,3,14
	1

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

	13
	3
	4
	1
	4
	2
	0,1,12,13,2,3,14,15
	1

	14
	3
	5
	1
	5
	1
	0,1,6,7,18
	2

	15
	3
	0,1
	1
	6
	1
	0,1,12,6,7,18
	2

	16
	3
	2,3
	1
	7
	1
	0,1,12,6,7,18,19
	2

	17
	3
	4,5
	1
	8
	1
	0,1,12,13,6,7,18,19
	2

	18
	3
	0-2
	1
	9
	2
	0,1,6,7,18
	2

	19
	3
	3-5
	1
	10
	2
	0,1,12,6,7,18
	2

	20
	3
	0-3
	1
	11
	2
	0,1,12,6,7,18,19
	2

	21
	2
	0,2
	1
	12
	2
	0,1,12,13,6,7,18,19
	2

	18
	3
	0
	2
	13
	2
	2,3,8,9,20
	2

	19
	3
	1
	2
	14
	2
	2,3,14,8,9,20
	2

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

	21
	3
	3
	2
	16
	2
	2,3,14,15,8,9,20,21
	2

	22
	3
	4
	2
	17
	3
	0,1,6,7,18
	2

	23
	3
	5
	2
	18
	3
	0,1,12,6,7,18
	2

	24
	3
	6
	2
	19
	3
	0,1,12,6,7,18,19
	2

	25
	3
	7
	2
	20
	3
	0,1,12,13,6,7,18,19
	2

	26
	3
	8
	2
	21
	3
	2,3,8,9,20
	2

	27
	3
	9
	2
	22
	3
	2,3,14,8,9,20
	2

	28
	3
	10
	2
	23
	3
	2,3,14,8,9,20,21
	2

	29
	3
	11
	2
	24
	3
	2,3,14,15,8,9,20,21
	2

	30
	3
	0,1
	2
	25
	3
	4,5,10,11,22
	2

	31
	3
	2,3
	2
	26
	3
	4,5,16,10,11,22
	2

	31
	3
	4,5
	2
	27
	3
	4,5,16,10,11,22,23
	2

	33
	3
	6,7
	2
	28
	3
	4,5,16,17,11,22,23
	2

	34
	3
	8,9
	2
	
	
	
	

	35
	3
	10,11
	2
	
	
	
	

	36
	3
	0,1,6
	2
	
	
	
	

	37
	3
	2,3,8
	2
	
	
	
	

	38
	3
	4,5,10
	2
	
	
	
	

	39
	3
	0,1,6,7
	2
	
	
	
	

	40
	3
	2,3,8,9
	2
	
	
	
	

	41
	3
	4,5,10,11
	2
	
	
	
	

	36
	1
	0
	2
	
	
	
	

	37
	1
	1
	2
	
	
	
	

	38
	1
	6
	2
	
	
	
	

	39
	1
	7
	2
	
	
	
	

	40
	1
	0,1
	2
	
	
	
	

	41
	1
	6,7
	2
	
	
	
	

	42
	2
	0,1
	2
	
	
	
	

	43
	2
	2,3
	2
	
	
	
	

	44
	2
	6,7
	2
	
	
	
	

	45
	2
	8,9
	2
	
	
	
	

	46
	1
	12
	1
	
	
	
	

	47
	1
	13
	1
	
	
	
	

	48
	1
	12,13
	1
	
	
	
	

	49
	2
	12
	1
	
	
	
	

	50
	2
	13
	1
	
	
	
	

	51
	2
	14
	1
	
	
	
	

	52
	2
	15
	1
	
	
	
	

	53
	2
	12,13
	1
	
	
	
	

	54
	2
	14,15
	1
	
	
	
	

	55
	2
	12-14
	1
	
	
	
	

	56
	2
	12-15
	1
	
	
	
	

	55
	3
	12
	1
	
	
	
	

	56
	3
	13
	1
	
	
	
	

	57
	3
	14
	1
	
	
	
	

	58
	3
	15
	1
	
	
	
	

	59
	3
	16
	1
	
	
	
	

	60
	3
	17
	1
	
	
	
	

	61
	3
	12,13
	1
	
	
	
	

	62
	3
	14,15
	1
	
	
	
	

	63
	3
	16,17
	1
	
	
	
	

	64
	3
	12-14
	1
	
	
	
	

	65
	3
	15-17
	1
	
	
	
	

	66
	3
	12-15
	1
	
	
	
	

	67
	2
	12,14
	1
	
	
	
	

	64
	3
	12
	2
	
	
	
	

	65
	3
	13
	2
	
	
	
	

	66
	3
	14
	2
	
	
	
	

	67
	3
	15
	2
	
	
	
	

	68
	3
	16
	2
	
	
	
	

	69
	3
	17
	2
	
	
	
	

	70
	3
	18
	2
	
	
	
	

	71
	3
	19
	2
	
	
	
	

	72
	3
	20
	2
	
	
	
	

	73
	3
	21
	2
	
	
	
	

	74
	3
	22
	2
	
	
	
	

	75
	3
	24
	2
	
	
	
	

	76
	3
	12,13
	2
	
	
	
	

	77
	3
	14,15
	2
	
	
	
	

	78
	3
	16,17
	2
	
	
	
	

	79
	3
	18,19
	2
	
	
	
	

	80
	3
	20,21
	2
	
	
	
	

	81
	3
	22,23
	2
	
	
	
	

	82
	3
	12,13,18
	2
	
	
	
	

	83
	3
	14,15,20
	2
	
	
	
	

	84
	3
	16,17,22
	2
	
	
	
	

	85
	3
	12,13,18,19
	2
	
	
	
	

	86
	3
	14,15,20,21
	2
	
	
	
	

	87
	3
	16,17,22,23
	2
	
	
	
	

	82
	1
	12
	2
	
	
	
	

	83
	1
	13
	2
	
	
	
	

	84
	1
	18
	2
	
	
	
	

	85
	1
	19
	2
	
	
	
	

	86
	1
	12,13
	2
	
	
	
	

	87
	1
	18,19
	2
	
	
	
	

	88
	2
	12,13
	2
	
	
	
	

	89
	2
	14,15
	2
	
	
	
	

	90
	2
	18,19
	2
	
	
	
	

	91
	2
	20,21
	2
	
	
	
	

	92
	1
	0,1,12
	1
	
	
	
	

	93
	1
	0,1,12,13
	1
	
	
	
	

	94
	2
	0,1,12
	1
	
	
	
	

	95
	2
	0,1,12,13
	1
	
	
	
	

	96
	2
	2,3,14
	1
	
	
	
	

	97
	2
	2,3,14,15
	1
	
	
	
	

	98
	3
	0,1,12
	1
	
	
	
	

	99
	3
	0,1,12,13
	1
	
	
	
	

	100
	3
	2,3,14
	1
	
	
	
	

	101
	3
	2,3,14,15
	1
	
	
	
	

	102
	3
	4,5,16
	1
	
	
	
	

	103
	3
	4,5,16,17
	1
	
	
	
	

	104
	1
	0,1,12
	2
	
	
	
	

	105
	1
	0,1,12,13
	2
	
	
	
	

	106
	1
	6,7,18
	2
	
	
	
	

	107
	1
	6,7,18,19
	2
	
	
	
	

	108
	2
	0,1,12
	2
	
	
	
	

	109
	2
	0,1,12,13
	2
	
	
	
	

	110
	2
	6,7,18
	2
	
	
	
	

	111
	2
	6,7,18,19
	2
	
	
	
	

	112
	2
	2,3,14
	2
	
	
	
	

	113
	2
	2,3,14,15
	2
	
	
	
	

	114
	2
	8,9,20
	2
	
	
	
	

	115
	2
	8,9,20,21
	2
	
	
	
	

	116
	3
	0,1,12
	2
	
	
	
	

	117
	3
	0,1,12,13
	2
	
	
	
	

	118
	3
	6,7,18
	2
	
	
	
	

	119
	3
	6,7,18,19
	2
	
	
	
	

	120
	3
	2,3,14
	2
	
	
	
	

	121
	3
	2,3,14,15
	2
	
	
	
	

	122
	3
	8,9,20
	2
	
	
	
	

	123
	3
	8,9,20,21
	2
	
	
	
	

	124
	3
	4,5,16
	2
	
	
	
	

	125
	3
	4,5,16,17
	2
	
	
	
	

	126
	3
	10,11,22
	2
	
	
	
	

	127
	3
	10,11,22,23
	2
	
	
	
	



DMRS port signalling for PDSCH with M-TRP
For M-TRP, in legacy release Rel-16/17, for 2+1 layers SDM, DMRS ports combination {0,1,2} is used, while for 1+2 layers SDM, DMRS ports combination {0,2,3} is added on top of Rel-15 DMRS ports tables. Similarly, the same DMRS ports combinations can be reused for Rel-18 DMRS ports with M-TRP PDSCH. 
Proposal 6: For M-TRP PDSCH, support the following DMRS ports signalling. 
· DMRS ports {0,1,2} for 2 layers transmitted from the first TRP and 1 layer transmitted from the second TRP. 
· DMRS ports {0,2,3} for 1 layer transmitted from the first TRP and 2 layers transmitted from the second TRP. 

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 7: Support signalling >4 layers PUSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 8: 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



Signalling Rel-15 DMRS ports to support >4 layers PUSCH
Since >4 layers PUSCH is introduced in Rel-18, it might be beneficial to support >4 layers PUSCH with only legacy Rel-15 DMRS ports, for those UE that does not support Rel-18 extended DMRS ports. But given that using Rel-15 DMRS ports to support >4 layers PUSCH would require 2 DMRS symbols, it could reduce PUSCH peak throughput. Therefore, the benefit of this feature is not significant. Nevertheless, this feature can still be introduced with an optional UE capability. To support this particular feature, it is natural to reuse Rel-15 DL >4 layers PDSCH DMRS ports signalling. 
With the above analysis, the following is proposed. 
Proposal 9: Adopt Table 7.3.1.1.2-12B/13B/14B/15B//20B/21B/22B/23B-Rel18 to support signalling >4 layers PDSCH with Rel-15 DMRS ports subject to an optional UE capability. 
Table 7.3.1.1.2-12B-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
	0,1,2,3,6
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-13B-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
	0,1,4,2,3,6
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14B-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
	0,1,4,2,3,6,7
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15B-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
	0,1,4,5,2,3,6,7
	2

	1-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-20B-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
	0,1,2,3,8
	2

	12-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-21B-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
	0,1,6,2,3,8
	2

	2-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22B-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
	0,1,6,2,3,8,9
	2

	1-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23B-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
	0,1,6,7,2,3,8,9
	2

	1-31
	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 8. 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.
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[bookmark: _Ref111060685]Fig 8: Examples 8 Tx PUSCH transmission requires 4 PTRS ports 
Based on the above reasoning, the following proposal is made.
Proposal 10: 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. 
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Fig 9: UE capability signaling of required # PTRS ports 
Proposal 11: 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 10: 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 2.3: For partial coherent TPMIs, PTRS to PUSCH power ratio for PTRS port x is min{10log10(Lx)+10log10(Qp),10log10(L)}, or 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, principle 2.2 are very straightforward, which can be derived from the table easily. Principle 2.3 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 11 illustrates the PTRS power boost with 4x2 partial coherent precoder for 2 layers PUSCH in Rel-15. Fig 12Fig 11 illustrates the PTRS power boost with 4x4 partial coherent precoder for 4 layers PUSCH in Rel-15. 

[image: ]
[bookmark: _Ref126872385]Fig 11: PTRS power boost with 4x2 partial coherent precoder for 2 layers PUSCH in Rel-15
[image: ]
[bookmark: _Ref126872414]Fig 12: 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 13. 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 13: Illustration of principle 2.3 in Rel-18 resulting different PTRS power boost ratio for different PTRS ports
With the above analysis, the following proposals are made for Rel-18 PTRS power boost. 
Proposal 12: In NR Rel-18, allow different power boost ratio for different PTRS ports.
Proposal 13: In NR Rel-18, reuse the following principles as in Rel-15 to design the PTRS power boost ratio table.
· 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 2.3: 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. 
Conclusions
In summary, we have the following proposals for increasing the number of orthogonal DMRS ports for Rel-18 MIMO evolution. 
Proposal 1: Do not support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length 4 FD-OCC. 
Proposal 2: Adopt the following MU scheduling restriction for Rel-18 enhanced DMRS for PDSCH 
· For single symbol DMRS, if the DMRS ports of a UE are in two or more CDM groups, the UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
· For double symbol DMRS, a UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE, unless the UE and the co-scheduled UE each associated with a distinct TD-OCC for their DMRS ports respectively. 

Proposal 3: Support the following rule for mapping layers of 2 CWs PDSCH/PUSCH to Rel-18 DMRS ports.
· For single-symbol DMRS, the respective layers of each of the two CWs map to DMRS ports within a same CDM group. Layers of one CW are not mapped to DMRS ports across different CDM groups.
· For dual-symbol DMRS, the respective layers of each of the two CWs map to DMRS ports within a same TD-OCC in a same CDM group. Layers of one CW are not mapped to DMRS ports across different TD-OCC nor different CDM groups.

Proposal 4: Support signalling >4 layers PDSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 5: Adopt Table 7.3.1.2.2-1/2/3/4-Rel18 to signal Rel-18 DMRS ports for 1-8 layers PDSCH with single TRP.
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. The deleted entries are freed up to add red entries to boost SU performance.  
Proposal 6: For M-TRP PDSCH, support the following DMRS ports signalling. 
· DMRS ports {0,1,2} for 2 layers transmitted from the first TRP and 1 layer transmitted from the second TRP. 
· DMRS ports {0,2,3} for 1 layer transmitted from the first TRP and 2 layers transmitted from the second TRP. 

Proposal 7: Support signalling >4 layers PUSCH with Rel-18 DMRS ports in one OFDM symbol.
Proposal 8: 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.
Proposal 9: Adopt Table 7.3.1.1.2-12B/13B/14B/15B//20B/21B/22B/23B-Rel18 to support signalling >4 layers PDSCH with Rel-15 DMRS ports subject to an optional UE capability. 
Proposal 10: 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 11: 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 12: In NR Rel-18, allow different power boost ratio for different PTRS ports.
Proposal 13: In NR Rel-18, reuse the following principles as in Rel-15 to design the PTRS power boost ratio table.
· 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 2.3: 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. 
[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References
[1] [bookmark: _Ref47616084][bookmark: _Ref32439522]3GPP TSG RAN Meeting #94e, RP-213598 “New WID: MIMO Evolution for Downlink and Uplink”, Samsung, Electronic Meeting, Dec. 6 - 17, 2021.



1/13
image1.png
8 REs

Target UE
scheduledon
port 0/1

Port 0 Port 1
[+1 +1

[+1 -1
[+1 +1

[+1 -1

Yes. Port 0/1 Ch Est assuming FD-OCC 4

Co-scheduled/

MU exist? "~ No_Port 0/1 Ch Est assuming FD-OCC 2

Port 8 Port 9
+1 +1]

+1 71]




image2.png
Receiver structure without dynamic OCC size switch

DCI decoding PD:;"[LZEZ:"Q' PDSCH demod

Receiver structure with dynamic OCC size switch

PDSCH channel
estimation
assuming OCC2

PDSCH demod

DCI decoding

PDSCH channel
estimation
assuming OCC4




image3.png
Avg TPUT across UEs (Mbps)

CDL-B 1000ns, 3km/h Doppler total rank 4, joint MMSE Ch Est

140

-
N
o

—&— Scenario 1 Ch Est w/ FD- OCC 4
—*— Scenario 2: Ch Est w/ FD-OCC 2

-

o

(=)
T

[02]
o

60

10

SINR (dB)

20

30

40




image4.png
Type 1 DMRS Type 2 DMRS

TD-OCC TD-OCC
o 1 @4 5 o 1| B 7
CDM group 1 CDM group 1
group g 9 [1213 group 12 13 [18 19
TD-OCC TD-OCC
CDM group 2 P3P CDM group 2 P 3B
10 11| [14 15 14 15 2021
TD-OCC
CDM group 3 fo5| o
16 17 22 23|





image5.png
Normalied throughput

1 : : o
09 1
08 1
07 1
06 4
0.5 4
[—8— without reverting FD-OCC before Ch Est
| —8— Reverting FD-OCC before Ch Est
o I I I I I I I I
16 7 18 19 2 21 2 2 2 2 2

0.67, QAM-64,TDL-C 300ns

SR (d8)




image6.png
Example for type 1 DMRS single-symbol DMRS: cDM CcDM

CwW1 cw2

> Rank 5 MIMO: layer {0, 1,
> Rank 6 MIMO: layer {0, 1, 2,
> Rank 7 MIMO: layer {0, 1, 2,
° Rank 8 MIMO: layer {0, 1,2, 3,

group1 group2

> DMRS ports {0,1,
> DMRS ports {0,1,8,

> DMRS ports {0,1,8,
} > DMRS ports {0,1,8,9,

}




image7.png
Example for DMRS type 1 2-symbol DMRS:

CDM group 1 CDM group 1
with OCC 1in with OCC 2in
time domain  time domain

DMRS ports {0,1, 4,5,12}
DMRS ports {0,1,8
> DMRS ports {0,1,8

- DMRS ports {0,1,8,9, |4,5,12,13}

Cw 1 Ccw2

> Rank 5 MIMO: layer {0, 1,
> Rank 6 MIMO: layer {0, 1,2,
> Rank 7 MIMO: layer {0, 1, 2,
> Rank 8 MIMO: layer {0, 1,2, 3,

(2%




image8.png
EVPUSCH ports

PTRS ports




image9.png
?

How many PTRS ports needed?

Whatis the PTRS to DMRS association

DMRS port 1000
DMRS port 1001
DMRS port 1002
DMRS port 1003
DMRS port 1004
DMRS port 1005
DMRS port 1006
DMRS port 1007




image10.png
lllustrate the two potential sources for PTRS tones to borrow power
with an example scenario of two PTRS ports with 2-layer PUSCH

PTRS tone 1: single Potential source 1 to borrow power: PUSCH layer 1 on this tone (red tone)
layer Tx for PTRS
port 0 (associated

with PUSCH layer 0) Potential source 2 to borrow power: PTRS port 0 on the other PTRS tone (green tone)

data tones: 2 layers
Tx include layer 0
and 1

PTRS tone 2: single Potential source 1 to borrow power: PUSCH layer 0 on this tone (green tone)
layer Tx for PTRS
port 1 (associated

with PUSCH layer 1) Potential source 2 to borrow power: PTRS port 1 on the other PTRS tone (red tone)




image11.wmf
PUSCH

PTRS

a


oleObject1.bin

image12.wmf
PUSCH

PTRS

a


oleObject2.bin

image13.wmf
PUSCH

layer

n


oleObject3.bin

image14.png
4x2 partial coherent precoder for total 2 layers

2x1 (sub)precoder matrix for 1 layer, PTRS cannot borrow power from the other layer

. 2x1 (sub)precoder matrix for 1 layer, PTRS can borrow power from the other layer

U
1 layer For the PTRS port 1 for panel 1, with 2x1 coherent (sub)precoder, apply

2layers min{10log10(1)+10log10(2), 10log10(2)}= 3dB PTRS to PUSCH power ratio

Layer
g mapping LY

1layer nel 2 For the PTRS port 2 for panel 2, with 2x1 coherent (sub)precoder, apply
min{10log10(1) +10log10(2),10log10(2) }= 3dB PTRS to PUSCH power ratio




image15.png
4x4 partial coherent precoder for total 4 layers

2x2 (sub)precoder matrix for 2 layers, PTRS can borrow power between the two layers

. 2x2 (sub)precoder matrix for 2 layers, PTRS can borrow power between the layers

U
2layers =P For the PTRS port 1 for panel 1, with 2x2 coherent (sub)precoder, apply
min{10log10(2)+10log10(2), 10log10(4)}= 6dB PTRS to PUSCH power ratio

4 layers
y‘ Layer
mapping LY
2layers nel 2 For the PTRS port 2 for panel 2, with 2x2 coherent (sub)precoder, apply
min{10log10(2) +10log10(2),10log10(2) }= 6dB PTRS to PUSCH power ratio




image16.png
8x5 partial coherent precoder for total 5 layers

4x2 (sub)precoder matrix for 2 layers, PTRS can borrow power between the two layers

4x3 (sub)precoder matrix for 3 layers, PTRS can borrow power among the three layers

U
2layers =P For the PTRS port 1 for panel 1, with 4x2 coherent (sub)precoder, apply
5layers L 4 min{10log10(2)+10log10(2), 10log10(5)}= 6dB PTRS to PUSCH power ratio
ayer - . i
‘ mapping “ B Different PTRS power boost ratio

U
3 layers| Panel 2 For the PTRS port 2 for panel 2, with 4x3 coherent (sub)precoder, apply
p min{10log10(3) +10log10(2),10log10(5) }= 7dB PTRS to PUSCH power ratio




