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Introduction
This contribution is revised from R1-1715512.
In RAN1 AH 1709[1], the pattern with respect to additional for DL was agreed, that for 1-symbol front-loaded DMRS, and 2-symbol front-loaded DMRS, the number of additional DMRS could be 0, 1, 2, 3 and 0, 1 respectively, the positions of which is implicitly derived from the PDSCH duration, including starting symbol and ending symbol.
Some remaining details of DMRS configuration are to be discussed in this contribution
1) Signaling design of number of symbols of front-loaded DMRS and number of additional DMRS
2) Other aspects regarding additional DMRS
3) Indication of rate matching on DMRS symbols
4) Multiplexing with PT-RS under time-domain OCC
5) CSI-RS port power imbalance issues

Signaling of number of symbols of front-loaded DMRS and number of additional DMRS
Since at least for DL, higher layer needs to configure the number of additional DMRS, the candidate value is related to the number of symbols of the front-loaded DMRS, as Table 1 shows.
[bookmark: _Ref492470166]Table 1 Configuration between front-loaded DMRS and additional DMRS
	Front-loaded DMRS configuration
	Number of additional DMRS configured by higher layer

	1-symbol
	{0,1,2,3}

	2-symbol
	{0,1}



It is possible that 1-symbol and 2-symbols could be dynamic switched between based on the number of orthogonal ports required, according to the instantaneous traffic load, which case we think is beneficial to support. Meanwhile, in high mobility or high frequency band, it is unlikely to schedule 2-symbol front-loaded DMRS, some semi-static configuration may also be needed.
One compromise is to allow higher layer to configure the maximum number of front-loaded DMRS symbols, so that when it is one, there is no dynamic switching, and the number of additional DMRS can be configured to {0,1,2,3}, and when it is two, there is dynamic switching between 1 and 2, and the number of additional DMRS can only be {0,1}. Table 2 gives an example of joint configuration.
[bookmark: _Ref492471255]Table 2 Joint higher layer configuration of the maximum number of front-loaded DMRS symbols and number of additional DMRS
	Higher layer configuration index
	Front-loaded DMRS
	Number of additional DMRS

	0
	1-symbol
	0

	1
	1-symbol
	1

	2
	1-symbol
	2

	3
	1-symbol
	3

	4
	Maximum 2 symbols: dynamic switching between 1-symbol and 2-symbol
	0

	5
	Maximum 2 symbols: dynamic switching between 1-symbol and 2-symbol
	1



Considering that under different configurations, the maximum number of supported ports is different, the DCI table would different, and the DCI payload would also be different.
Observation 1: At least for DL, higher layer joint configuration of the maximum number of front-loaded DMRS and the number of additional DMRS can be considered.
Observation 2: DCI table and DCI payload could be different under different configurations.

As for UL, it was agreed as working assumption that the number of UL additional DMRS is configured via UE specific higher layer signaling. The major concern is that there is no UL tracking RS so that dynamic switching of additional DMRS is beneficial to facilitate tracking in initial transmission. Based on our understanding, other signals can also be considered for gNB to perform initial time-frequency tracking, including PRACH, default PUSCH DMRS pattern from Msg-3, SRS, and etc., reducing the necessity of DMRS for PUSCH in CONNECTED mode. Even if it is necessary to perform PUSCH DMRS based tracking, single-shot PUSCH transmission may not be sufficient to yield a reliable tracking performance. Therefore, multiple additional DMRS across multiple PUSCH transmission is envisioned. 
Proposal 1: Confirm the working assumption that 
· A UE is configured with the number of additional DMRS for PUSCH with the following signaling method:
· By UE-specific higher layer signaling 

Then the joint configuration of the maximum number of front-loaded DMRS and number of additional DMRS can be extended to UL. It is worth noting that we have not agreed that whether for DFT-s-OFDM, both 1-symbol and 2-symbol front-loaded DMRS are supported. Since the sequence is different, CDM cannot work across CP-OFDM and DFT-s-OFDM, therefore, we think there is no need to support 2-symbol front-loaded DMRS for DFT-s-OFDM, while the number of additional DMRS can be configured as does in CP-OFDM.
Proposal 2: Support higher layer joint configuration of the maximum number of front-loaded DMRS and the number of additional DMRS for both DL and UL.
Proposal 3: For UL, consider also adding waveform to the above higher layer joint configuration.

Other aspects regarding additional DMRS

Additional DMRS pattern for PUSCH
Since the starting symbol for PUSCH is floating, at the current stage, we only assume that the ending symbol of PUSCH is fixed to the last symbol in a slot, so that the last DMRS is fixed on the 12th symbol, so that a two-symbol SRS can be ensured. Figure 1 shows an example of additional DMRS pattern with respect to PUSCH transmission duration and number of symbols of the front-loaded DMRS.
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[bookmark: _Ref494361243]Figure 1 Example of additional DMRS pattern for PUSCH
Unspecified pattern of additional DMRS
It is worth noting that there might be conflict configuration between higher layer signaling and dynamic scheduling. For example, the following Figure 2 reveals the pattern of 2-symbol front-loaded DMRS pattern with one additional DMRS, which is configured by higher layer. However, when PDSCH scheduling only covers the symbol  due to dynamic slot conditions, which is not enumerated in the four cases, RAN1 should specify the UE behavior. For the unspecified cases, a simple solution is to puncture the affected additional DMRS.
Observation 3: Unspecified pattern of additional DMRS could happen when higher layer signaling is conflicted with dynamic signaling.
Proposal 4: Study the behavior when the pattern is unspecified, e.g., puncturing affected additional DMRS.
[image: ]
[bookmark: _Ref494362742]Figure 2 DMRS patterns for 2-symbol front-loaded DMRS with one additional DMRS

Indication of PDSCH rate matching
In the offline summary[2] provided by the feature lead, regarding a non-transparent MU-MIMO framework, the following alternatives were presented
	· Alt 1: the gNB may signal to a UE that it should assume the potential presence of some co-scheduled port(s), e.g., to another UE(s); 



If non-transparent MU-MIMO is supported. The signaling can be further divided into two alternatives
	· Alt. 1: Information of co-scheduled ports (if any) are signalled to the UE
· Alt. 2: Indication of occupied CDM group(s) by co-scheduled ports (if any) and a maximum number of MU-paired ports in each occupied CDM group



We think it is too complicated to design this signaling as information of co-scheduled ports or CDM groups. From UE’s perspective, this indication is only for rate-matching purposes, and as for the interference information from other co-scheduled UE, it is up to UE’s implementation how to make hypothesis on the co-scheduled UEs. So if non-transparent MU-MIMO is supported, we prefer another alternative
· Alt. 3: Information whether PDSCH could be FDMed with DMRS on the DMRS symbol is signaled to the UE, which is joint encoded in the port indication table.
Comparing to the indication of CDM group(s) by co-scheduled ports in Alt. 2, Alt. 3 achieves basically the same functionality, except for one case in configuration type 2, where the following mapping could be supported by Alt. 2 while not by Alt. 3. If each of the two CDM groups is occupied by two UEs, leaving the remaining CDM group blank can reduce the signaling overhead using Alt. 3, while the power can borrowed to boost the DMRS.
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Figure 3 The case that Alt. 2 might support and Alt. 3 does not
Proposal 5: If non-transparent MU-MIMO is supported, support the following indication for PDSCH rate matching:
· Information whether PDSCH could be FDMed with DMRS on the DMRS symbol is signaled to the UE.

Also, considering the time domain resource allocation, there is possibility that the starting symbol indicated in the DCI may not include front-loaded DMRS, under which case the front-loaded DMRS symbol and data symbol is naturally TDMed. If it is supported, UE should always assume that PDSCH and additional DMRS is also TDMed, shown in Figure 4. 
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[bookmark: _Ref492481813]Figure 4 Implicitly derive the PDSCH rate matching from time domain allocation
Observation 4: Resource allocation might also contribute to the multiplexing between data and DMRS.

PT-RS and DMRS with time-domain OCC
For TD-OCC, CPE may compromise the orthogonality of OCC code and further the channel estimation accuracy. However, since TD-OCC can be regarded as time domain repetition if only one OCC code is employed, it can still work by limiting the co-scheduled ports to only one TD-OCC code, at least from UE’s perspective.
For DL, when UE is scheduled with a port potentially multiplexing with another port through TD-OCC, the presence of PT-RS is an implicit indication to that UE that it should assume that the other port is not transmitted, and the OCC code, either {1,1} or {1,-1}, is a time domain repetition. 
The assumption at UE side would impose some scheduling restriction on gNB side if it uses 2-symbol front-loaded DMRS, including
1. gNB should only schedule single TD-OCC code for a UE, when PT-RS is present.
1. gNB might schedule each of the two TD-OCC codes for two UEs, respectively, if it thinks that the assumption at UE side (i.e., UE assuming ports with OCC code other than the scheduled one is not transmitted when PT-RS is present) is valid, which means that the ports with two TD-OCC codes are already spatially separated.
Proposal 6: For DL with 2-symbol front-loaded DMRS, 
· gNB should only schedule single TD-OCC code for a UE, when PT-RS is present.
· UE should assume ports with the other OCC code than that of the scheduled one is not transmitted, when PT-RS is present.

CSI-RS port power imbalance
Applying OCC code of DMRS to the current codebook design could result in power imbalance between CSI-RS ports. In extreme cases, which is somehow common, some CSI-RS port could have zero power. The problem is formulated as follows. For example, consider a rank-4 codebook with CSI-RS configuration (N1,N2,O1,O2) is (3,2,4,4). The CDM codes for the 4 DMRS ports are {1,1,1,1}, {1,-1,1,-1}, {1,1,-1,-1}, and {1,-1,-1,1}, respectively. The DMRS to RE mapping matrix  is shown in Table 3. 
[bookmark: _Ref489605316]Table 3 DMRS port to RE mapping 
	
	RE #0
	RE #1
	RE #2
	RE #3

	DMRS #0
	1
	1
	1
	1

	DMRS #1
	1
	-1
	1
	-1

	DMRS #2
	1
	1
	-1
	-1

	DMRS #3
	1
	-1
	-1
	1


Since the precoder  of rank 4 takes the following form

Multiplying  with  could yield

where  is the length-6 zero column vector, and each column corresponds to a RE. So if RE0# and RE#1 are on symbol 1 and RE#2 and RE#3 are on symbol 2, the first 6 CSI-RS ports always have no power on symbol 2, while the last 6 CSI-RS ports always have no power on symbol 1.
The CSI-RS port imbalance could decrease the efficiency of PA. Following alternatives can be considered to fix the problem.
· Alt. 1 Apply alternative reserve of CDM codes of a DMRS port across CDM quadruplets within and across PRB as [8].
· Alt. 2 Apply alternative reserve of TD-OCC codes of a DMRS port across CDM quadruplets within and across PRB as LTE did.
Following cases could also mitigate the problem in a spec-transparent way
· Prioritizing scheduling FDMed ports
· Multiple UEs scheduling
Simulation shows in Figure 5 the CDF of the power distribution on the symbol 1 (the antenna ports is switched for symbol 2) from 12 CSI-RS ports.
It can be seen that the power distribution is polarized if gNB does nothing. Half the CSI-RS ports always have twice the average power while the other half CSI-RS ports always have 0 power. If CDM code or TD-OCC code reversal is applied alternatively across CDM quadruplets, we observed that the power from all CSI-RS ports is always close to , which is desirable for full power utilization of PA.
Observation 5: CDM code or TD-OCC code reversal applied alternatively across CDM quadruplets can achieve power balance across all CSI-RS ports.
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	(a) Doing nothing
	(b) Alt. 1 Alternatively reversing CDM code
	(c) Alt. 3 Alternatively reversing TD-OCC code


[bookmark: _Ref494372076]Figure 5 CDF of power distribution across CSI-RS ports on symbol 1

According to our understanding, alternating reversal of the TD-OCC code of a DMRS port across CDM quadruplet was already used in LTE. By changing the OCC length from 4 to 2, we have

Then the DMRS mapping to physical resource could refer to the following equations.








And  is defined in the table as the original TD-OCC.  could be 0 or 1 for configuration type 1 and 0, 2, or 4 for configuration type 2.
Proposal 7: Alternating reversal of the TD-OCC code of a DMRS port across CDM quadruplet should be supported.

DCI design approach
When designing the table of Antenna port(s), scrambling identity and number of layers indication, the following procedure is proposed
Determine payload budget
Based on the discussion in the previous meeting, it seems that 4 bits is unlikely to cover the all possible scheduling schemes, when the number of front-loaded DMRS symbols can be dynamically varying between 1 and 2. Also in the discussion in Section 2, if the maximum number of front-loaded DMRS symbols is configured by higher layers, we can make the following payload budget, shown in Table 5.
[bookmark: _Ref492485039]Table 5 Payload budget of Antenna port(s), scrambling identity and number of layers indication
	Maximum number of front-loaded DMRS symbol
	Payload of Antenna port(s), scrambling identity and number of layers indication

	1
	4 or 5

	2 (dynamic switching between 1 and 2)
	5 or 6


Determine whether to support scrambling ID
Using different scrambling IDs can achieve interference randomization if two spatially separated UEs are scheduled with the same DMRS port(s). It can double the MU capacity on top of the current orthogonal design of DMRS multiplexing. If scrambling ID is supported, we need to consider whether it is indicated via DCI or indicated by higher layer signaling, as a trade-off between DCI payload and flexibility.
Proposal 8: Study the necessity of supporting scrambling ID, and indication mechanism.
Add the basic elements into the table targeting transparent MU-MIMO with the same capability as LTE
We give our preference on the basic elements in Appendix for the combination of the configuration type and the maximum number of front-loaded DMRS symbols.
Add new elements to the remaining entries in the table
The new elements could take scrambling ID, indication of PDSCH rate matching, and etc. into consideration, targeting full utilization of bits allocated for table. Meanwhile, following questions should be considered when designing MU-MIMO pairing
· How many UEs are supported for orthogonal multiplexing?
· What is the rank of each UE under the hypothesis of the number of UEs?
· Should paired UE have the same rank?
Proposal 9: The following approach should be considered when designing the table of Antenna port(s), scrambling identity and number of layers indication in the DCI
· Determine payload budget
· Determine whether to support scrambling ID
· Add the basic elements into the table targeting transparent MU-MIMO with the same capability as LTE
· Add new elements to the remaining entries in the table

Conclusion
In this contribution, we present our consideration on DMRS for CP-OFDM. The observations and proposals are
Observation 1: At least for DL, higher layer joint configuration of the maximum number of front-loaded DMRS and the number of additional DMRS can be considered.
Observation 2: DCI table and DCI payload could be different under different configurations.
Observation 3: Unspecified pattern of additional DMRS could happen when higher configuration is conflicted with dynamic signaling.
Observation 4: Resource allocation might also contribute to the multiplexing between data and DMRS.
Observation 5: CDM code or TD-OCC code reversal applied alternatively across CDM quadruplets can achieve power balance across all CSI-RS ports.
Proposal 1: Confirm the working assumption that 
· A UE is configured with the number of additional DMRS for PUSCH with the following signaling method:
· By UE-specific higher layer signaling 
Proposal 2: Support higher layer joint configuration of the maximum number of front-loaded DMRS and the number of additional DMRS for both DL and UL.
Proposal 3: For UL, consider also adding waveform to the above higher layer joint configuration.
Proposal 4: When the pattern is unspecified, study the behavior, e.g., puncturing affected additional DMRS.
Proposal 5: If non-transparent MU-MIMO is supported, support the following indication for PDSCH rate matching:
· Information whether PDSCH could be FDMed with DMRS on the DMRS symbol is signaled to the UE.
Proposal 6: For DL with 2-symbol front-loaded DMRS, 
· gNB should only schedule single TD-OCC code for a UE, when PT-RS is present.
· UE should assume ports with the other OCC code than that of the scheduled one is not transmitted, when PT-RS is present.
Proposal 7: Alternating reversal of the TD-OCC code of a DMRS port across CDM quadruplet should be supported.
Proposal 8: Study the necessity of supporting scrambling ID, and indication mechanism.
Proposal 9: The following approach should be considered when designing the table of Antenna port(s), scrambling identity and number of layers indication in the DCI
· Determine payload budget
· Determine whether to support scrambling ID
· Add the basic elements into the table targeting transparent MU-MIMO with the same capability as LTE
· Add new elements to the remaining entries in the table
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Appendix
In this section, an example of DCI design is presented related to DMRS ports scheduling for the combination of two configuration types and the two maximum numbers of front-loaded DMRS symbols, where we assume the port indexing in Figure 6.

	Configuration Type 1
	
	Configuration Type 2

	One symbol
	2 symbols
	
	One symbol
	2 symbols

	2/3
	
	2/3/8/9
	2/3/8/9
	
	4/5
	
	4/5/10/11
	4/5/10/11

	0/1
	
	0/1/6/7
	0/1/6/7
	
	4/5
	
	4/5/10/11
	4/5/10/11

	2/3
	
	2/3/8/9
	2/3/8/9
	
	2/3
	
	2/3/8/9
	2/3/8/9

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

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

	0/1
	
	0/1/6/7
	0/1/6/7
	
	0/1
	
	0/1/6/7
	0/1/6/7

	2/3
	
	2/3/8/9
	2/3/8/9
	
	4/5
	
	4/5/10/11
	4/5/10/11

	0/1
	
	0/1/6/7
	0/1/6/7
	
	4/5
	
	4/5/10/11
	4/5/10/11

	2/3
	
	2/3/8/9
	2/3/8/9
	
	2/3
	
	2/3/8/9
	2/3/8/9

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

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

	0/1
	
	0/1/6/7
	0/1/6/7
	
	0/1
	
	0/1/6/7
	0/1/6/7


[bookmark: _Ref488924925]Figure 6 Port indexing in the Appendix
Table 5 gives the basic elements in the scheduling table if the maximum of front-loaded DMRS symbol is 1. Since there is still room, other considered entries can be found in Table 6. Meanwhile, the target payload here is 4 bits for both configurations, including possible scrambling ID.
[bookmark: _Ref492552380][bookmark: _Ref492552371]Table 5 Basic elements in the scheduling table if the maximum number of front-loaded DMRS symbols is 1
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	Scrambling ID
	PDSCH rate matching

	0
	1
	1
	0
	0
	FDM

	1
	
	
	1
	0
	FDM

	2
	2
	1
	0/2
	0
	TDM for type 1
FDM for type 2

	3
	
	
	1/3
	0
	TDM for type 1
FDM for type 2

	4
	3
	1
	0/2/3 for type 1
0/2/4 for type 2
	0
	TDM

	5
	4
	1
	0/1/2/3
	0
	TDM for type 1
FDM for type 2



[bookmark: _Ref492553260]Table 6 Other considered elements in addition to Table 5
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	Scrambling ID
	PDSCH rate matching

	6
	1
	1
	0
	0
	TDM

	7
	
	
	1
	0
	TDM

	8
	
	
	2
	0
	TDM

	9
	
	
	3
	0
	TDM

	10
	2
	1
	0/1
	0
	TDM

	11
	
	
	2/3
	0
	TDM

	12
	3
	1
	1/3/5 for type 2
	0
	TDM

	13
	5
	1
	0/1/2/3/4 for type 2
	0
	TDM

	14
	6
	1
	0/1/2/3/4/5 for type 2
	0
	TDM



Table 7 gives the basic elements in the scheduling table if the maximum of front-loaded DMRS symbol is 2. Other considered entries can be found in Table 8. Meanwhile, the target payload here is 5 bits for both configurations, including possible scrambling ID.
[bookmark: _Ref488823544]Table 7 Basic elements in the scheduling table if the maximum number of front-loaded DMRS symbols is 2
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	Scrambling ID
	PDSCH rate matching

	0
	1
	1
	0
	0
	FDM

	1
	
	
	1
	0
	FDM

	2
	
	2
	0
	0
	FDM

	3
	
	
	1
	0
	FDM

	4
	
	
	6
	0
	FDM

	5
	
	
	7
	0
	FDM

	7
	2
	1
	0/2
	0
	TDM for type 1
FDM for type 2

	8
	
	
	1/3
	0
	TDM for type 1
FDM for type 2

	9
	
	2
	0/2
	0
	TDM for type 1
FDM for type 2

	10
	
	
	1/3
	0
	TDM for type 1
FDM for type 2

	11
	
	
	6/8
	0
	TDM for type 1
FDM for type 2

	12
	
	
	7/9
	0
	TDM for type 1
FDM for type 2

	13
	3
	2
	0/2/8 for type 1
0/2/4 for type 2
	0
	TDM

	14
	
	
	1/3/9 for type 1
1/3/5 for type 2
	0
	TDM

	15
	4
	2
	0/2/6/8
	0
	TDM for type 1
FDM for type 2

	16
	
	
	1/3/7/9
	0
	TDM for type 1
FDM for type 2

	17
	5
	2
	0/2/3/6/8 for type 1
0/2/4/6/8 for type 2
	0
	TDM

	18
	6
	2
	0/1/2/3/6/8
	0
	TDM for type 1
FDM for type 2

	19
	7
	2
	0/1/2/3/6/8/9
	0
	TDM for type 1
FDM for type 2

	20
	8
	2
	0/1/2/3/6/7/8/9
	0
	TDM for type 1
FDM for type 2



[bookmark: _Ref494373189]Table 8 Other considered elements in addition to Table 7
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	Scrambling ID
	PDSCH rate matching

	21
	1
	2
	0
	0
	TDM

	22
	
	
	1
	0
	TDM

	23
	
	
	2
	0
	TDM

	24
	
	
	3
	0
	TDM

	25
	
	
	6
	0
	TDM

	26
	
	
	7
	0
	TDM

	27
	
	
	8
	0
	TDM

	28
	
	
	9
	0
	TDM

	29
	3
	2
	6/8/10 for type 2
	0
	TDM

	30
	3
	2
	7/9/11 for type 2
	0
	TDM
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