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Introduction
In RAN1 AH 1706, down-selection of DMRS design was carried out, reaching the following agreement with regard to unicast CP-OFDM
Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed

R1-1711771	WF on signalling DMRS configuration	LG Electronics, ZTE
Agreements:
· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols
Some remaining details of DMRS configuration have not been decided yet, including the following topic
1) Port indexing, which is trivial but beneficial for further discussion
2) Scheduling restriction and DCI design
3) Multiplexing with data considering MU-MIMO
4) Multiplexing with PT-RS under time-domain OCC
5) Additional DMRS
6) Priority with SS block, CSI-RS/SRS, TRS, preempting URLLC PDSCH

DMRS port indexing
For brevity, the following port indexing using a virtual port index  is assumed throughout the paper. Figure 1 shows the port indexing, where ports {0,1,6,7}, {2,3,8,9}, and {4,5,10,11} are always in a CDM group, if present.

	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 1 Port indexing in the paper

When two ports  are multiplexed using FD-CDM, the periodicity of subcarriers pertaining to those ports forming a CDM group is  for configuration type 1, and  for configuration type 2, respectively. The FD-CDM codes for ports  and   are [1,1], and [1,-1], respectively. For example,
· For configuration type 1, and ports {0,1}, the REs belonging to a CDM group are  in every  subcarriers, and the CDM code follows
	
	
	

	Port 0
	1
	1

	Port 1
	1
	-1


· For configuration type 2, and ports {0,1}, the REs belonging to a CDM group are  in every  subcarriers, and the CDM code follows
	
	
	

	Port 0
	1
	1

	Port 1
	1
	-1


When four ports  are multiplexed using both FD-CDM and TD-OCC, the periodicity of subcarriers pertaining to those ports forming a CDM group is also  for configuration type 1, and  for configuration type 2, respectively. The FD-CDM codes for ports , , , and  are [1,1], [1,-1], [1,1], and [1,-1], respectively, and the TD-OCC codes for ports , , , and  are [1,1], [1,1], [1,-1](or [-1,1]), and [1,-1] (or [-1,1]), respectively. For example,
· For configuration type 1, and port {0,1,6,7}, the REs belonging to a CDM group are , and  in every  subcarriers, and the CDM code follows
	
	
	

	
	
	
	
	

	Port 0
	1
	1
	1
	1

	Port 1
	1
	-1
	1
	-1

	Port 6
	1 (or -1)
	1 (or -1)
	-1 (or 1)
	-1 (or 1)

	Port 7
	1 (or -1)
	-1 (or 1)
	-1 (or 1)
	1 (or -1)



Scheduling restriction and DCI design
Every combination of the DMRS ports defined above is not supposed to be supported due to large signaling overhead. For LTE up to 8 layers transmission, only 3 bits or 4 bits are used to indicate the DMRS ports even combined with scrambling ID. In this section, such a restriction on scheduling DMRS ports, which is related to DCI design, is considered. For simplicity, only front-loaded DMRS configuration is addressed here and in the Appendix, including number of layer (up to 8), number of symbols (1 or 2), DMRS ports, and scrambling ID. Since the same frequency domain density is supported for additional DMRS as front-loaded DMRS, the configuration of the position(s) of additional DMRS can be configured separately from that of front-loaded DMRS.
Before further discussion, the following questions should be considered.
1) Should transparent MU-MIMO only be supported?
2) For single-UE case, when more DMRS ports than 1 are scheduled, what is the priority of port multiplexing schemes, among FDM, FD-CDM, and TD-OCC?
3) Should scrambling ID be introduced to enable non-orthogonal DMRS port multiplexing?
4) If scrambling ID is introduced, which DMRS port combinations should support more than one scrambling IDs?
5) What is the maximum number of UEs supported for MU-MIMO?
6) Should all UEs in MU-MIMO have the same rank?
7) What is the maximum rank for each UE in MU-MIMO scheduling?
8) How are DMRS QCL groups configured?
9) Can two ports in different QCL groups be TD-OCCed? Note: FD-CDM is not supported for two non-QCLed ports.
The following subsections will try to give answers to those questions.
MU-MIMO transparency
For transparent MU-MIMO, paired UE should have the same RE pattern of DMRS and PDSCH/PUSCH. UE is not required to know the DMRS pattern of another co-scheduled UE to do the PDSCH de-rate matching or PUSCH rate-matching, and thus the dynamic signaling overhead is reduced. For non-transparent MU-MIMO, since there is no common understanding on how to configure the RS for PDSCH/PUSCH rate matching, such as ZP DMRS, much specification effort is required. Also due to the tight time budget, non-transparent MU-MIMO should be down-prioritized. RAN1 can consider to adopt a forward-compatible way to support it in the future release if deemed necessary.
Proposal 1: Non-transparent MU-MIMO should not be supported at least in Rel-15.
Scheduling prioritization
Prioritizing FDM scheduling
In RAN1 AH 1706, some companies tried to prioritize the scheduling of DMRS ports using FDM over CDM schemes for the SU case. The benefit of such a prioritization includes
1) Improving the channel estimation
1
1


0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5


1
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
Layer 1
Layer 2


DMRS
Data

[bookmark: _Ref488687080][bookmark: _Ref488687057]Figure 2 Power allocation of FDM ports
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[bookmark: _Ref488687086]Figure 3 Power allocation of FD-CDM ports
Figure 2 and Figure 3 show the difference of power allocation of FDM ports and FD-OCC ports, respectively, without considering any further power boosting of DMRS. Using FDM ports can guarantee a 3dB increase of DMRS power per layer over FD-OCC ports, at the sacrifice of the effective coding rate. We believe, for lower rank transmission, it is beneficial to improve the channel estimation based on DMRS.
2) Facilitating transparency of MU-MIMO
Within a UE, prioritizing FDM can make room for CDM ports across UEs, which can increase the capacity of transparent MU scheduling.
Therefore, we propose to prioritize scheduling of FDM ports over CDM ports. 
Case of CDM scheduling
Meanwhile, for the SU case, there are two cases where scheduling of CDM ports could be possible.
1) High SNR case where increasing SNR of DMRS may not contribute much to the throughput, especially under SU scenario.
2) Unequal scheduling among UEs, where different UE may have a different rank.
Proposal 2: NR should prioritize scheduling of FDM ports over CDM ports, and scheduling of only CDM ports could be further considered.
Scrambling ID
Hybrid beamforming can ensure that non-orthogonal port multiplexing could result in negligible interference under some circumstances, which could be further randomized using scrambling ID, while increasing the number of paired UEs. Therefore, scrambling ID should be supported in the DMRS design, which would bring some technical consideration in the design of DMRS sequence. As for the number of scrambling ID, 2 as in LTE should be considered as the baseline.
Proposal 3: Scrambling ID should be supported for DMRS, and 2 scrambling IDs should be considered as the baseline.
Scrambling ID is only used for MU-MIMO scheduling to increase the number of co-scheduled UEs, therefore, for those scheduling configurations targeting SU-MIMO, scrambling ID should only be set 0.
MU-MIMO
Since CDM size is 4, the maximum number of orthogonal MU-MIMO UEs should be 4 if it is transparent, and the number is 8 if 2 scrambling IDs are supported. 
For co-scheduled UEs, it is the baseline for all UEs to have the same rank, to follow the same RE pattern for DMRS among those UEs, which is supported in LTE, where the rank could be 1 or 2. In NR, for DMRS configuration type 1, the rank could at least be 1 and 2; for DMRS configuration type 2, the rank could at least be 1, 2, and 3, where the ports scheduled to a UE are FDMed.
However, different ranks among UEs can also be supported under the current scope. For example, when 4 ports are CMDed, two ports can be allocated to one UE, and either one of the two remaining ports can be allocated to another UE.
Proposal 4: It is the baseline for co-scheduled UEs to have the same rank, and scheduling of different ranks among UEs could be further considered.
DMRS QCL groups
Since QCL group configuration is only theoretically applicable to more than one layer transmission, it is beneficial to include QCL grouping in the scheduling configuration. For example, two scheduling configurations schedule the same number of OFDM symbols, the same DMRS ports, and the same scrambling ID, only with a different QCL grouping among those DMRS ports, as shown in Table 1. Note that the QCL grouping follows the same rule for layer mapping when there are two CWs and extends the case to more than 2 layers, i.e.,  ports mapped to QCL group 1 and the rest mapped to QCL group 2.
[bookmark: _Ref488940576]Table 1 Example of configuring QCL grouping
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	Scrambling ID

	Config.0
	3
	2
	0/2/8
	0

	Config.1
	
	2
	0 (QCL1)
2/8 (QCL2)
	0



For ports multiplexing across QCL groups, it has already been agreed that FD-CDM is not supported. To decide whether TD-OCC or FDM should be supported, we need to consider PT-RS configuration. For example, when two TRPs are used for NC-JT, and each TRP is supposedly to have its own PT-RS. Those two PT-RS’s should be mapped to different subcarriers. If the DMRS corresponding to each TRP is FDMed, there is no impact on the PT-RS subcarrier mapping. However, if DMRS corresponding to each TRP is TD-OCCed, the phase noise would affect the orthogonality of the cover code. Therefore, we prefer that only FDM is supported for multiplexing DMRS from different QCL groups.
Proposal 5: DMRS ports from different QCL groups should only be FDMed.
Example design
We give an example design based on the previous discussion in Appendix with regard to prioritized scheduling configuration and less prioritized scheduling configuration for DL in Table 2 and Table 3, respectively. The detailed discussion can also be found in Appendix.

Multiplexing DMRS and data
For CP-OFDM, the cases, under which data could not be FDMed with DMRS, still need to be identified. These cases depend on the maximum number of supported MU UEs. Based on the previous discussion, at most 4 UEs with orthogonal DMRS ports, and 8 UEs with non-orthogonal DMRS ports are supported, which is the same as LTE, and we think it is may satisfy the needs for the initial deployment. It is worth noting that increasing the number of MU-MIMO UEs would cause severe interference on data among UEs, even though the DMRS ports itself is orthogonal.
Meanwhile, if UEs are already spatially separated via analogue or hybrid beamforming, it is still possible for the case where the data from a UE overlaps with the DMRS from another UE, which can further increase the number of MU-MIMO pairing UEs, but has no specification impact.
As what was discussed in the transparency of MU-MIMO, we can also leave configuration of the case when data should not be mapped on the symbol(s) containing DMRS in a future release, and make the current design forward compatible.
Proposal 6: PDSCH/PUSCH shall be rate-matched around the REs pertaining to the indicated DMRS ports associated with the PDSCH/PUSCH, from UE’s perspective, at least in Rel-15.

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. For example, if UE is scheduled with port 0 with two symbols, and PT-RS is present, it may assume that port 6 is not received and can treat the two columns of DMRS as a repetition.
The assumption at UE side would impose some scheduling restriction on gNB side, including
1. gNB should only schedule single TD-OCC code for a UE, when PT-RS is present.
1. gNB might schedule two TD-OCC codes for each of 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 7: For DL with TD-OCC DMRS pattern, 
· 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.

Additional DMRS
For additional DMRS configuration, considering both self-contained frame structure (SCF) and non-self-contained frame structure (NSCF) ,  
· For 7-symbol slot with SCF structure, only one configuration without any additional DMRS should be supported.
· For 7-symbol slot with NSCF structure, two configurations, i.e., one without any additional DMRS and one with one additional DMRS, should be supported.
· For 14-symbol slot with SCF structure, two configurations, i.e., one without any additional DMRS and one with only one additional DMRS, should be supported.
· For 14-symbol slot with NSCF structure, four configurations, i.e., one without any additional DMRS, two with one additional DMRS, and one with two additional DMRSs, should be supported.
The locations of addition DMRS(s) can be fixed in the specification, but may be different from slot size and frame structure.

Priority with other signals
As discussed in our companion paper [2], the signals, which are semi-statically configured or whose positions are known to UE receiving or transmitting DMRS, should have priority over additional DMRS in case of a collision incident.
To be more specific, the following rules should be applied for DL.
1) NR should not allow collision between any two signals in the following list
a. SS block
b. CORESET
c. TRS
d. Front-loaded DMRS
e. CSI-RS (for BM, for CSI acquisition, and for L3 mobility)
RAN1 is not expected to specify collision handling thereof.
2) gNB should strive to avoid a collision between any signal in the list above and another RS/Channel, via e.g., shifting (supposed to have a specification impact) or scheduling (supposed to have no specification impact).
3) If the collision in 2) is inevitable, the following priority should be considered.
{SS block, TRS, front-loaded DMRS, Preempting PDCCH/PDSCH} > {CORESET, CSI-RS} > {Additional DMRS, PT-RS}
The signal with higher priority should puncture the signal with lower priority. System design should allow for the affected UE to be indicated of being punctured.
The following rules should be applied for UL.
1) NR should not allow collision between any two signals in the following list
a. Front-loaded DMRS
b. SRS for BM, and for CSI acquisition
RAN1 is not expected to specify collision handling thereof.
2) gNB should strive to avoid a collision between any signal in the list above and another RS/Channel, via e.g., shifting (supposed to have a specification impact) or scheduling (supposed to have no specification impact).
3) If the collision in 2) is inevitable, the following priority should be considered.
{Front-loaded DMRS, SRS}>{additional DMRS, PT-RS}
The signal with higher priority should puncture the signal with lower priority. System design should allow for the affected UE to be indicated of being punctured.
Proposal 8: gNB should strive to avoid collision between DMRS and other signals/channels, and if collision is inevitable, front-loaded DMRS should have the top priority, while additional DMRS could be punctured by SS block, TRS, preempting PDCCH/PDSCH, and CSI-RS/SRS.

CSI-RS port power imbalance
 mentioned in the email discussion, that 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, one realization of the codebook  with rank 4 could be as Table 3 shows, where (N1,N2,O1,O2) is (3,2,4,4), and randomized PMI index (i11,i12, i13, i2) is (8,6,3,1).
Table 2 One realization of codebook for rank 4
	
	DMRS #0
	DMRS #1
	DMRS #6
	DMRS #7

	CSI-RS #0
	0.1443
	0.1443
	0.1443
	0.1443

	CSI-RS #1
	-0.1021 - 0.1021i
	0.1021 + 0.1021i
	-0.1021 - 0.1021i
	0.1021 + 0.1021i

	CSI-RS #2
	-0.125 - 0.0722i
	0.125 - 0.0722i
	-0.125 - 0.0722i
	0.125 - 0.0722i

	CSI-RS #3
	0.0374 + 0.1394i
	0.1394 + 0.0374i
	0.0374 + 0.1394i
	0.1394 + 0.0374i

	CSI-RS #4
	0.0722 + 0.125i
	0.0722 - 0.125i
	0.0722 + 0.125i
	0.0722 - 0.125i

	CSI-RS #5
	0.0374 - 0.1394i
	0.1394 - 0.0374i
	0.0374 - 0.1394i
	0.1394 - 0.0374i

	CSI-RS #6
	0.1443i
	0.1443i
	- 0.1443i
	- 0.1443i

	CSI-RS #7
	0.1021 - 0.1021i
	-0.1021 + 0.1021i
	-0.1021 + 0.1021i
	0.1021 - 0.1021i

	CSI-RS #8
	0.0722 - 0.125i
	0.0722 + 0.125i
	-0.0722 + 0.125i
	-0.0722 - 0.125i

	CSI-RS #9
	-0.1394 + 0.0374i
	-0.0374 + 0.1394i
	0.1394 - 0.0374i
	0.0374 - 0.1394i

	CSI-RS #10
	-0.125 + 0.0722i
	0.125 + 0.0722i
	0.125 - 0.0722i
	-0.125 - 0.0722i

	CSI-RS #11
	0.1394 + 0.0374i
	0.0374 + 0.1394i
	-0.1394 - 0.0374i
	-0.0374 - 0.1394i



When the CDM codes for DMRS ports 0, 1, 6, and 7 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. Multiplying  with  would yield the CSI-RS port to RE table, shown in Table 4.
[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 #6
	1
	1
	-1
	-1

	DMRS #7
	1
	-1
	-1
	1



[bookmark: _Ref489607439]Table 4 CSI-RS port to RE mapping
	
	RE #0
	RE #1
	RE #2
	RE #3

	CSI-RS #0
	0.5774
	0
	0
	0

	CSI-RS #1
	0
	-0.4082 - 0.4082i
	0
	0

	CSI-RS #2
	0.2887i
	-0.5000
	0
	0

	CSI-RS #3
	0.3536 + 0.3536i
	-0.2041 + 0.2041i
	0
	0

	CSI-RS #4
	0.2887
	0.5000i
	0
	0

	CSI-RS #5
	0.3536 - 0.3536i
	-0.2041 - 0.2041i
	0
	0

	CSI-RS #6
	0
	0
	0.5774i
	0

	CSI-RS #7
	0
	0
	0
	0.4082 - 0.4082i

	CSI-RS #8
	0
	0
	0.2887
	0.5000i

	CSI-RS #9
	0
	0
	-0.3536 + 0.3536i
	-0.2041 - 0.2041i

	CSI-RS #10
	0
	0
	0.2887i
	-0.5000

	CSI-RS #11
	0
	0
	0.3536 + 0.3536i
	0.2041 - 0.2041i



More generally, consider a rank 4 codebook when the number of CSI-RS ports is less than 16, which takes the form

Multiplying  with  could yield

Where  is the length-6 zero column vector.
The CSI-RS port imbalance could decrease the efficiency of PA. Take CSI-RS port 0 as example, the power is always zero on RE 1, 2, and 3, so the transmission power of CSI-RS on the symbol not containing RE#0 is zero, e.g., on symbol 1, assuming RE#0 and RE#1 are on symbol 0, and RE#2 and RE#3 are on symbol 1. Following alternatives can be considered to fix the problem.
· Alt. 1 Apply alternative reserve of TD-OCC codes of a DMRS port across CDM quadruplets within and across PRB as LTE did.
· Alt. 2 gNB applies transparent random phase shift across the precoder of each layer, and across PRG.
Following cases could also mitigate the problem in a spec-transparent way
· Prioritizing scheduling FDMed ports
· Multiple UEs scheduling
According to our understanding, alternating reverse of the TD-OCC code of a DMRS port across CDM quadruplet as in LTE could be the baseline, for e.g.,

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








[bookmark: _GoBack] 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. Which port uses which   shall be addressed in the port indexing.
Proposal 9: Alternating reverse of the TD-OCC code of a DMRS port across CDM quadruplet as LTE should be considered as the baseline.

Conclusion
In this contribution, we present our consideration on DMRS for CP-OFDM on the following topics:
1) DMRS port indexing
2) Scheduling restriction and DCI design
3) Multiplexing DMRS and data
4) PT-RS and DMRS with TD-OCC
5) Additional DMRS
6) Priority with other signals
The proposals are
Proposal 1: Non-transparent MU-MIMO should not be supported at least in Rel-15.
Proposal 2: NR should prioritize scheduling of FDM ports over CDM ports, and scheduling of only CDM ports could be further considered.
Proposal 3: Scrambling ID should be supported for DMRS, and 2 scrambling IDs should be considered as the baseline.
Proposal 4: It is the baseline for co-scheduled UEs to have the same rank, and scheduling of different ranks among UEs could be further considered.
Proposal 5: DMRS ports from different QCL groups should only be FDMed.
Proposal 6: PDSCH/PUSCH shall be rate-matched around the REs pertaining to the indicated DMRS ports associated with the PDSCH/PUSCH, from UE’s perspective, at least in Rel-15.
Proposal 7: For DL with TD-OCC DMRS pattern, 
· 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 8: gNB should strive to avoid collision between DMRS and other signals/channels, and if collision is inevitable, front-loaded DMRS should have the top priority, while additional DMRS could be punctured by SS block, TRS, preempting PDCCH/PDSCH, and CSI-RS/SRS.
Proposal 9: Alternating reverse of the TD-OCC code of a DMRS port across CDM quadruplet as LTE should be considered as the baseline.
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Appendix
In this section, an example of DCI design is presented related to DMRS ports scheduling for two configuration types and for DL, with which the potential applications will also be analyzed afterwards. Table 5 gives corresponds to the prioritized configurations.

[bookmark: _Ref488823544]Table 5 Example of prioritized DMRS scheduling configurations for DL
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	Scrambling ID

	0
	1
	1
	0
	0

	1
	
	
	0
	1

	2
	
	
	1
	0

	3
	
	
	1
	1

	4
	
	2
	0
	0

	5
	
	
	0
	1

	6
	
	
	1
	0

	7
	
	
	1
	1

	8
	
	
	6
	0

	9
	
	
	6
	1

	10
	
	
	7
	0

	11
	
	
	7
	1

	12
	2
	1
	0/2
	0

	13
	
	
	0/2
	1

	14
	
	
	1/3
	0

	15
	
	
	1/3
	1

	16
	
	2
	0/2
	0

	17
	
	
	0/2
	1

	18
	
	
	1/3
	0

	19
	
	
	1/3
	1

	20
	
	
	6/8
	0

	21
	
	
	6/8
	1

	22
	
	
	7/9
	0

	23
	
	
	7/9
	1

	24
	3
	2
	0/2/8
	0

	25
	
	2
	0 (QCL1)
2/8 (QCL2)
	0

	26
	4
	2
	0/2/6/8
	0

	27
	
	2
	0/6 (QCL1)
2/8 (QCL2)
	0

	28
	5
	2
	0/2/3/6/8
	0

	29
	
	2
	0/6 (QCL1)
2/3/8 (QCL2)
	0

	30
	6
	2
	0/1/2/3/6/8
	0

	31
	
	2
	0/1/6 (QCL1)
2/3/8 (QCL2)
	0

	32
	7
	2
	0/1/2/3/6/8/9
	0

	33
	
	2
	0/1/6 (QCL1)
2/3/8/9 (QCL2)
	0

	34
	8
	2
	0/1/2/3/6/7/8/9
	0

	35
	
	2
	0/1/6/7 (QCL1)
2/3/8/9 (QCL2)
	0

	Following only supports configuration type 2

	36
	3
	1
	0/2/4
	0

	37
	
	
	0/2/4
	1

	38
	
	
	1/3/5
	0

	39
	
	
	1/3/5
	1

	40
	
	2
	0/2/4
	0

	41
	
	
	0/2/4
	1

	42
	
	
	1/3/5
	0

	43
	
	
	1/3/5
	1

	44
	
	
	6/8/10
	0

	45
	
	
	6/8/10
	1

	46
	
	
	7/9/11
	0

	47
	
	
	7/9/11
	1


 
Under the configurations above, 
· Config 0-3 and config 4-11 correspond to rank 1 MU-MIMO for both configuration types 1 and 2, for one-symbol front-loaded DMRS and two-symbol front-loaded DMRS, respectively.
· Config 12-15 and config 16-23 correspond to rank 2 MU-MIMO for both configuration types 1 and 2, for one-symbol front-loaded DMRS and two-symbol front-loaded DMRS, respectively. 
· Config 24-35 correspond to SU-MIMO scheduling of rank 3 to 8 transmission only for two symbol front-loaded DMRS, where in each rank two QCL groupings are supported, one of which has one QCL group, and the other has two QCL groups.
· Config 36-39 and config 40-47 correspond to rank 3 MU-MIMO for configuration type 2, for one-symbol front-loaded DMRS and two-symbol front-loaded DMRS, respectively.
In summary
· Up to 4 UEs for orthogonal MU-MIMO each with the same rank, which could be 1 and 2 for configuration type 1, and 1, 2, and 3 for configuration type 2, are supported.
· Up to 8 UEs for non-orthogonal MU-MIMO are supported via using two scrambling IDs.
· Only one QCL group is supported for rank 1 and rank 2 transmission, while one or two QCL groups of DMRS are supported for rank 3 to rank 8 transmission.

Besides, the following scheduling configurations could be further considered, shown in Table 6.
[bookmark: _Ref488823534]Table 6 Example of other considered DMRS scheduling configurations for DL
	Config
	Number of layers
	Number of OFDM symbols
	DMRS ports
	Scrambling ID

	48
	2
	2
	0/1
	0

	49
	2
	2
	0/1
	1

	50
	2
	2
	0 (QCL1)
2 (QCL2)
	0

	51
	2
	2
	1 (QCL1)
3 (QCL2)
	0

	52
	2
	2
	6 (QCL1)
8 (QCL2)
	0

	53
	2
	2
	7 (QCL1)
9 (QCL2)
	0

	Following only supports configuration type 2

	54
	3
	2
	0/2/4
	0

	55
	3
	2
	0 (QCL1)
2/4 (QCL2)
	0

	56
	5
	2
	0/2/4/6/8
	0

	57
	5
	2
	0/6 (QCL1)
2/4/8 (QCL2)
	0

	58
	6
	2
	0/2/4/6/8/10
	0



Using configurations in Table 6 in addition to Table 5 could enable the following scheduling options
· Unequal rank transmission for MU-MIMO with (2+1 or 2+1+1): e.g., 
· Config 48 (DMRS ports 0 and 1) for UE1, and config 8 (DMRS port 6) for UE2.
· Config 48 (DMRS ports 0 and 1) for UE1, config 8 (DMRS port 6) for UE2, and config 10 (DMRS port 7) for UE3.
· Two QCL groups for rank 2 transmission via config 50-53.
· Scheduling including port 4 (and port 10), which is exclusively defined in configuration type 2, via config 54-58.

