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[bookmark: _GoBack]Introduction
In the WID on enhancements on MIMO [1], one of the objectives is to conclude on the peak-to-average power ratio (PAPR) issue related to the Rel-15 mapping of DMRS for PDSCH/PUSCH in CP-OFDM and CSI-RS. 
Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
Hence, RAN1 need to make a conclusion in the next meeting whether or not DMRS and CSI-RS should be changed in specification.
Origins of high PAPR
The reason why there is a PAPR issue for DMRS and CSI-RS is due to two conditions:
· The RS sequence to resource mapping gives a repetitive symbol structure in the frequency domain
· Multiple CDM groups are transmitted through the same power amplifier (PA)
The figures below shows that when two or more CDM groups are transmitted through the same PA for DMRS type 1, then the sequence across subcarriers (scalar multiplication due to MIMO precoder excluded) are {r(0),r(0),r(1),r(1),…) for DMRS type 1 which gives two-fold repetition. For DMRS type 2 and CSI-RS, the repetition factor can be larger leading to an even higher PAPR increase. 
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Figure 0. Illustrating sequence to subcarrier mapping for DMRS type 1 and CSI-RS, within one OFDM symbol
For DMRS, a full precoding matrix (no zeros) will typically be used, implying that all DMRS ports (all layers) are transmitted through each PA. So PAPR increase is unavoidable unless a single CDM group is used. 
For CSI-RS, a precoding matrix different from the identity matrix is used in case CSI-RS is precoded, which occurs for beamformed CSI-RS, cell shaping and in reciprocity based operation where a CSI-RS precoder is dynamically determined by SRS measurements. The CSI-RS measurements in this case is to obtain accurate link adaptation taking into account interference in the reciprocity case. So PAPR increase is unavoidable unless a single CDM group is used or ports from multiple different CDM groups are not precoded in such a way that they are mixed through the same PA. 
One should also observe that if only a subset of ports are transmitted through the same PA, then there will be “empty” RE in the resource grid transmitted. The power of these RE are thus transferred to the REs leading to a possible power boost of the ports to extend coverage.   
Discussion on PAPR for symbols containing DMRS
A statistical estimate of the peak-to-average power ratio of a waveform can be determined from the CCDF of the power-to-average power ratio, which represents a stochastic time-varying variable taking values in the range .  Typically, the PAPR estimate is evaluated at the 99.99% percentile of this CCDF.
To illustrate the magnitude of the PAPR issue, we determine the CCDFs of the power-to-average power ratios when mapping 2, 3, 4 and 6 layers using NR MIMO precoders. The CCDFs of the PAPR are shown in figure 1 below for an allocation of 50 RBs and with power samples from 100 OFDM symbols. We observe that the Rel-15 DMRS mapping significantly increase the PAPR with respect to the CP-OFDM waveform (waveform with Rayleigh distributed amplitude), e.g. rank 6 transmission (6 layers) with DMRS mapping type 2 (ports: 0-5) degrades the PAPR with nearly 4dB at the 99.99% percentile. Similar degradations appear for DMRS type 1. 
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Figure 1. DMRS type 2 PAPR from the CCDF of the power-to-average power ratio.
However, CCDF of PAPR doesn’t give the full picture of the problem so in Figure 2 below we instead show the user throughput degradation using a 20 MHz carrier with subband precoding, 4x2 MIMO and real channel estimation. A clipping function is used with a clipping threshold of 7 dB which can be a typical threshold. See [3] for a discussion of the tradeoffs when selecting clipping threshold for transmitter.
The results show that user throughput is degraded by 13% at 25 dB SNR when selecting port 0,2 instead of 0,1. The reason is the DMRS is clipped for rank 2 transmissions and the channel estimation performance degrades the PDSCH performance. 
The observant reviewer may now argue why do we not use port 0,1 always then as it has no PAPR increase issue? What’s shown here is just an illustration into the problem, and for rank 3-8 there are no such ‘other configuration’ that avoids the PAPR issue. Secondly, for rank 2 transmission, the ports 0,2 has better performance than ports 0,1 in severely frequency selective channels, and currently this port combination cannot be used in NR due to the PAPR issue, which may have impact on future NR enhancements in highly selective channels, using e.g. SFN transmissions. 
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Figure 2 Link evaluations with link adaptation using 4x2 SU-MIMO, 7 dB clipping threshold and real channel estimation. 
To summarize 
User throughput is severely degraded when using the problematic DMRS port combinations for typical clipping thresholds.
The DMRS port combinations that will be problematic for DMRS configuration type 1 and type 2 are highlighted in Appendix 1, where all combinations include ports from more than one CDM group. In case of single-symbol based DMRS, it can be observed that transmissions up to rank 2 can be configured to avoid the PAPR issue whereas transmissions with rank 3 and higher always include ports from more than one CDM group. Hence,
· Rank 1 transmission have no DMRS PAPR issue
· Rank 2 transmission have DMRS PAPR issue if port combination 1000,1002 is used 
· Rank 3-4 transmission have DMRS PAPR issue for port combinations including three or four of the ports 1000,1001,1002,1003
· Rank 5-8 transmission always have DMRS PAPR issue 
In case of double-symbol based DMRS for DL (not mandatory for UE to support), we observe that transmissions up to rank 4 can be configured to avoid the PAPR issue whereas transmissions with rank 5 and higher always include ports from more than one CDM group. Hence, when two codewords are enabled ports from more than one CDM group are always included.
The PAPR issue for DMRS limits the transmission rank for SU-MIMO in NR to two (for DL and UL) and may reduce the interference suppression abilities for MU-MIMO scheduling in DL.
Implementation based PAPR reduction for DMRS
The PAPR issue for DMRS was acknowledge by several companies in [4] but instead of solving this issue properly it was proposed to be mitigated by transmitter implementation work arounds that could be performance transparent to the receiver. The following implementation solutions were mentioned in [4]: “the gNB may apply PRG-level precoder cycling, small delay CCD, frequency selective closed loop precoding, even a small frequency-domain shift in one of the two ports”.
Evidently, implementation solutions that always demand subband/frequency-selective precoding prevent wideband precoding and can only be considered for DL. This implies that UEs always need to be configured with subband CSI reporting even in scenarios with no benefits of subband precoding and by then introduce unnecessary PMI overhead just for the sake of reducing PAPR. In addition, with subband precoding, the UE cannot use time domain channel estimators, leading to a missed opportunity for channel estimation enhancement.
Furthermore, the amount of PAPR reduction with PRG-level precoder cycling will depend on the number of PRGs used in the transmission and the alphabet used in the cycling.
Our evaluations show that PRG level cycling and PMI based subband precoding does not reduce the PAPR down to the level of being on par with PAPR of PDSCH.  See evaluation results in [5].  
Subband (PRG) precoding is not a generic solution that completely eliminates the PAPR issue for DL, it prevents the use of wideband/time domain channel estimation and is not at all applicable as an implementation solution for UL.
With the implementation solution of “small delay CDD”, it is meant that layers are phase shifted/rotated per subcarrier such that in time domain small delays (e.g. 1 sample) will be introduced on some of the layers. See evaluation results in [5].  This remedy will add enormous baseband transmitter complexity since a small phase shift need to be multiplied for each scheduled subcarrier and per layer for both data and DMRS. This effectively means that from implementation perspective the effective minimum PRG size is 1 subcarrier instead of 24 subcarriers.  
In addition, for TDD with reciprocity-based precoding design (non-codebook based DL) there is no possibility to integrate these phase shifts into sets of pre-determined precoders hence these additional computations are very costly. 
The small delay CDD implementation based mitigation for high DMRS PAPR makes the MIMO precoder different for each subcarrier implying a very high computational complexity at the transmitter
Since the PAPR issue can easily be avoided by a proper DMRS design, implementation solutions are simply a waste of computational cycles and can better be used for something useful. 
The additional processing calculations in the baseband to reduce PAPR by enabling the small delay CDD per layer, should better used for something useful, e.g. advanced precoder determination for reciprocity-based operation then correcting the flaw in the DMRS design
Furthermore, there are some additional risks of small delay CDD, of which consequence we haven’t investigated yet:  
· The channel coherence bandwidth may be affected unless the phase shift per subcarrier step is very small, which makes it unclear if small delay CDD works at small system bandwidths for DL, small scheduled BWs in UL. This is particularly an issue for 60 kHz subcarrier spacing.
· The specified QCL among the DMRS ports will not strictly be fulfilled (Quasi-QCL). Hence, estimating e.g. delay spread from TRS, or from one of the DMRS ports and applying that result to all DMRS ports may then results in performance degradation. 
For MU-MIMO, where different UE use different CDM groups, the PAPR issue can be avoided by assigning different scrambling seeds to the UEs. However, for UEs performing co-channel interference cancellation by estimating the channel for a co-scheduled UE, the UE likely perform testing the hypothesis of “same scrambling ID” for desired and interfering ports. Hence, there is a mismatch between the gNB implementation and the UE assumption which may impact the MU-MIMO performance for interference cancelling UEs.  
Concluding the DMRS 
For DMRS, it’s clear that there is a large PAPR increase issue except in a few special cases. Also, that implementation-based solutions are computationally demanding and not universal and that there are still questions whether they work well in all scenarios in DL and in UL. Also, we don’t know which other enhancements we make for NR in the future and it is a risk that we have a DMRS design that requires special baseband compensation (which may not work for such future NR enhancement). 
Since DMRS are self contained in the scheduled resource blocks, a Rel.16 DMRS enhancement is backward compatible (a consequence of the future compatibility design principle of NR). The only case where backward compatible issue may occur is when co-scheduling a Rel.15 and a Rel.16 UE using DMRS ports from the same CDM group. This can either be avoided by scheduling implementation or a backward compatible Rel.16 enhancement can be used, see [6]
[bookmark: _Toc524683087][bookmark: _Toc525917220]For DMRS, conclude that there is an issue with high PAPR for multi-rank PDSCH and PUSCH transmission and that specification-based enhancements are necessary in Rel.16
Discussion on PAPR for symbols containing CSI-RS 
When a CSI-RS resource with multiple CDM groups in the same OFDM symbol is beamformed/precoded, as in cell shaping or in reciprocity-based operation (where precoder is determined by SRS measurements), then there are cases where multiple CSI-RS ports is transmitted through one of the same PA. 
Simulation results for PAPR CCDF are shown in Figure 2 where up to 6.2 dB in PAPR (and up to 8.4 dB in CM) increase relative to PDSCH PAPR/CM (Rayleigh amplitude distribution) measured at the commonly used RAN4 threshold of 99,99% percentile. In these results, both a “non-full” and a “full” precoder have been used; the scenarios with 4, 6 or 12 ports being multiplexed to same PA for the CSI-RS locations within a slot given by CSI-RS configurations using Row 6 and Row 9 in Table 7.4.1.5.3-1 in TS38.211. 
The scenarios with 4 ports (row 6) and 6 ports (row 9) represent precoding of 4 or 6 ports per antenna polarization. In the CCDF referring to FDM with data (in non-active CDM groups), the power from zero-power CDM groups (are used to power boost the transmitted CSI-RS. Without this power boosting, it can be shown that the PAPR will be reduced with around 0.4 dB compared to what is shown below, hence there is still a remaining PAPR increase relative to data symbols.
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[bookmark: _Ref521427228]Figure 3: PAPR and CM comparisons corresponding to CSI-RS configuration Row 6 with 4 ports per PA and polarization, w/wo FDM with data, and Row 9 with 6 or 12 ports per PA.

If the PAPR for symbols containing CSI-RS and symbols containing PDSCH ought to be the same, then cell shaping and beamforming is not possible using CSI-RS resources with 8 ports or more.  These restrictions may have serious implications on future creative deployments of NR and unless this problem is resolved in Rel.16 the issue will remain for the whole lifespan of 5G.
The CSI-RS configurations that have PAPR issue are those that use multiple CDM groups:
· The four port CSI-RS configuration that uses two CDM groups (row 4 in Table 7.4.1.5.3-1 in 38.211) 
· The 8,12,16,24 and 32 port CSI-RS configurations all use two, three or four CDM groups (rows 6-18 in Table 7.4.1.5.3-1 in 38.211) all have PAPR issue
As discussed in Section 2, implementation of the port to antenna mapping can avoid PAPR issue by never mixing two CDM groups in the same PA. However, this leads to deployment restrictions and is unfortunate. 
Certain implementations of port to antenna mapping can avoid CSI-RS PAPR issue at the cost of restriction in flexibility in precoded CSI-RS for e.g. cell shaping, reciprocity based operation, use of co-polarized antenna arrays etc.
Hence, a Rel.16 enhancement of CSI-RS to reduce PAPR to “normal” level irrespectively for CSI-RS configuration is crucial for unrestricted support of new deployments. 
The benefits are:
· It enables precoded CSI-RS for arbitrary port to antenna configuration. Each CSI-RS port can achieve the full array gain (port is mapped to all antennas).
· It enables FDM between CSI-RS and PDSCH without the risk of clipping PDSCH reduces overhead and thus increased spectral efficiency
· It fully enables the use if precoded CSI-RS without any restrictions in configuration or port to antenna mapping implementation. Precoded CSI-RS is beneficial for:
· DL reciprocity based operation (after UL SRS measurement, or Type II CSI feedback, the gNB precodes CSI-RS resource)
· Cell shaping, which is a very important deployment feature for NR 
· Cell shaping also for co-polarized antenna is supported (for even large coverage) 
· Beamformed CSI-RS with large number of ports per beam (e.g. vertical beamforming with 8,12  or 16 ports/beam)

If a Rel-16 CSI-RS is specified, there will for some time be a mix of Rel-15 and Rel-16 UEs served by the cell. In this case, two different CSI-RS resources needs to be configured unless a backward compatible solution is found and there may be concerns on the additional overhead. A Rel.15 UE then needs to be configured with a CSI-RS resource without PAPR issue (e.g. a cell shaped 4 port resource), while the Rel.16 UE can be configured with an arbitrary CSI-RS resource (e.g. a cell shaped 16 port resource). Hence, the performance of the Rel.16 UE is expected to be higher as it can utilize the spatial character of the channel in more detail.

The overhead should not be a concern for Aperiodically triggered CSI-RS since it’s on demand anyway. For periodically transmitted CSI-RS, typically a 20 ms periodicity is configured and hence the overhead increase by adding the Rel.16 CSI-RS is 0.1%-0.4% depending on number of ports. The benefits of the full flexibility of the enhanced Rel.16 CSI-RS is likely significantly larger than the at most 0.4% overhead increase.


[bookmark: _Toc525917221]For a CSI-RS resource with multiple CDM groups, conclude that there is an issue with high PAPR and that specification-based enhancements are necessary in Rel.16
Example of such specification-based enhancement, to be discussed further at RAN1#95, can be found in [7].
Conclusion
Based on the discussion, we summarize these two proposals to be agreed upon in RAN1#94 bis
Proposal 1	For DMRS, conclude that there is an issue with high PAPR for multi-rank PDSCH and PUSCH transmission and that specification-based enhancements are necessary in Rel.16
Proposal 2	For a CSI-RS resource with multiple CDM groups, conclude that there is an issue with high PAPR and that specification-based enhancements are necessary in Rel.16
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[bookmark: _Ref521486221]DMRS port combinations with PAPR issues
Figure 4 shows the associations between CDM groups and antenna ports for DMRS configuration type 1 and 2, with single-symbol based DMRS and double-symbol based DMRS. The PAPR issue occurs when ports from multiple CDM groups are spatially multiplexed with non-diagonal precoding matrices.
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[bookmark: _Ref520969322]Figure 4. DMRS port associations to CDM groups.
In the antenna port tables below, the values marked in red are those port combinations that PAPR issues cannot be avoided without introducing precoder matrix restrictions such that antenna ports associated with different CDM groups are not multiplexed on same TX antennas. It can be noticed from these tables that with two codewords enabled, the PAPR issues cannot be avoided by scheduling restrictions.
Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=1, DL-DMRS-max-len=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

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

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	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

	12-15
	Reserved
	Reserved



Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=1, DL-DMRS-max-len=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
	4-31
	reserved
	reserved
	reserved

	5
	2
	2
	1
	
	
	
	

	6
	2
	3
	1
	
	
	
	

	7
	2
	0,1
	1
	
	
	
	

	8
	2
	2,3
	1
	
	
	
	

	9
	2
	0-2
	1
	
	
	
	

	10
	2
	0-3
	1
	
	
	
	

	11
	2
	0,2
	1
	
	
	
	

	12
	2
	0
	2
	
	
	
	

	13
	2
	1
	2
	
	
	
	

	14
	2
	2
	2
	
	
	
	

	15
	2
	3
	2
	
	
	
	

	16
	2
	4
	2
	
	
	
	

	17
	2
	5
	2
	
	
	
	

	18
	2
	6
	2
	
	
	
	

	19
	2
	7
	2
	
	
	
	

	20
	2
	0,1
	2
	
	
	
	

	21
	2
	2,3
	2
	
	
	
	

	22
	2
	4,5
	2
	
	
	
	

	23
	2
	6,7
	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
	
	
	
	

	31
	Reserved
	Reserved
	Reserved
	
	
	
	



Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=2, DL-DMRS-max-len=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
	2-31
	reserved
	reserved

	3
	2
	0
	
	
	

	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
	3
	0
	
	
	

	12
	3
	1
	
	
	

	13
	3
	2
	
	
	

	14
	3
	3
	
	
	

	15
	3
	4
	
	
	

	16
	3
	5
	
	
	

	17
	3
	0,1
	
	
	

	18
	3
	2,3
	
	
	

	19
	3
	4,5
	
	
	

	20
	3
	0-2
	
	
	

	21
	3
	3-5
	
	
	

	22
	3
	0-3
	
	
	

	23
	2
	0,2
	
	
	

	24-31
	Reserved
	Reserved
	
	
	



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), DL-DMRS-config-type=2, DL-DMRS-max-len=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
	6-63
	Reserved
	Reserved
	Reserved

	7
	2
	0,1
	1
	
	
	
	

	8
	2
	2,3
	1
	
	
	
	

	9
	2
	0-2
	1
	
	
	
	

	10
	2
	0-3
	1
	
	
	
	

	11
	3
	0
	1
	
	
	
	

	12
	3
	1
	1
	
	
	
	

	13
	3
	2
	1
	
	
	
	

	14
	3
	3
	1
	
	
	
	

	15
	3
	4
	1
	
	
	
	

	16
	3
	5
	1
	
	
	
	

	17
	3
	0,1
	1
	
	
	
	

	18
	3
	2,3
	1
	
	
	
	

	19
	3
	4,5
	1
	
	
	
	

	20
	3
	0-2
	1
	
	
	
	

	21
	3
	3-5
	1
	
	
	
	

	22
	3
	0-3
	1
	
	
	
	

	23
	2
	0,2
	1
	
	
	
	

	24
	3
	0
	2
	
	
	
	

	25
	3
	1
	2
	
	
	
	

	26
	3
	2
	2
	
	
	
	

	27
	3
	3
	2
	
	
	
	

	28
	3
	4
	2
	
	
	
	

	29
	3
	5
	2
	
	
	
	

	30
	3
	6
	2
	
	
	
	

	31
	3
	7
	2
	
	
	
	

	32
	3
	8
	2
	
	
	
	

	33
	3
	9
	2
	
	
	
	

	34
	3
	10
	2
	
	
	
	

	35
	3
	11
	2
	
	
	
	

	36
	3
	0,1
	2
	
	
	
	

	37
	3
	2,3
	2
	
	
	
	

	38
	3
	4,5
	2
	
	
	
	

	39
	3
	6,7
	2
	
	
	
	

	40
	3
	8,9
	2
	
	
	
	

	41
	3
	10,11
	2
	
	
	
	

	42
	3
	0,1,6
	2
	
	
	
	

	43
	3
	2,3,8
	2
	
	
	
	

	44
	3
	4,5,10
	2
	
	
	
	

	45
	3
	0,1,6,7
	2
	
	
	
	

	46
	3
	2,3,8,9
	2
	
	
	
	

	47
	3
	4,5,10,11
	2
	
	
	
	

	48
	1
	0
	2
	
	
	
	

	49
	1
	1
	2
	
	
	
	

	50
	1
	6
	2
	
	
	
	

	51
	1
	7
	2
	
	
	
	

	52
	1
	0,1
	2
	
	
	
	

	53
	1
	6,7
	2
	
	
	
	

	54
	2
	0,1
	2
	
	
	
	

	55
	2
	2,3
	2
	
	
	
	

	56
	2
	6,7
	2
	
	
	
	

	57
	2
	8,9
	2
	
	
	
	

	58-63
	Reserved
	Reserved
	Reserved
	
	
	
	




Table 7.3.1.1.2-9: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=1, DL-DMRS-max-len=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

	4-7
	Reserved
	Reserved



Table 7.3.1.1.2-10: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=1, DL-DMRS-max-len=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	2-7
	Reserved
	Reserved



Table 7.3.1.1.2-11: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=1, DL-DMRS-max-len=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	2-7
	Reserved
	Reserved




Table 7.3.1.1.2-13: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=1, DL-DMRS-max-len=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

	4
	2
	0,1
	2

	5
	2
	2,3
	2

	6
	2
	4,5
	2

	7
	2
	6,7
	2

	8
	2
	0,4
	2

	9
	2
	2,6
	2

	10-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-14: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=1, DL-DMRS-max-len=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

	3-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-15: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=1, DL-DMRS-max-len=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

	4-15
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-17: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=2, DL-DMRS-max-len=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

	7-15
	Reserved
	Reserved



Table 7.3.1.1.2-18: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=2, DL-DMRS-max-len=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

	3-15
	Reserved
	Reserved




Table 7.3.1.1.2-19: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=2, DL-DMRS-max-len=1, rank =4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1
	3
	0-3

	2-15
	Reserved
	Reserved



Table 7.3.1.1.2-21: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=2, DL-DMRS-max-len=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

	7
	3
	0,1
	2

	8
	3
	2,3
	2

	9
	3
	4,5
	2

	10
	3
	6,7
	2

	11
	3
	8,9
	2

	12
	3
	10,11
	2

	13
	1
	0,1
	2

	14
	1
	6,7
	2

	15
	2
	0,1
	2

	16
	2
	2,3
	2

	17
	2
	6,7
	2

	18
	2
	8,9
	2

	19-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-22: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=2, DL-DMRS-max-len=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

	6-31
	Reserved
	Reserved
	Reserved



Table 7.3.1.1.2-23: Antenna port(s) (1000 + DMRS port), PUSCH-tp=Disabled, DL-DMRS-config-type=2, DL-DMRS-max-len=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

	5-31
	Reserved
	Reserved
	Reserved
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