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Introduction
Further study of RAN1 UL reference signal specifications reveal that MPR allowances in rel. 15, for both FR1 and FR2, neglect some corner cases. We examine these cases, their ramifications, and possible treatment in the standard. An accompanying contribution addresses a similar problem as it pertains to ULCA operation in FR2 [1]
Discussion
UL MIMO operation is limited to CP-OFDM waveforms. TS38.211 specifies DMRS for CP-OFDM waveforms to be a pseudo-noise CP-OFDM-QPSK waveform. The DMRS sequence assigned to each PUSCH layer is communicated to the UE by setting a seed value, an associated configuration and DMRS port. The seed value is used to create the actual PN sequence, while the port assignment and configuration specify frequency domain comb pattern, and orthogonal cover codes. The standard does not preclude multiple layers from having the same sequence. The standard also offers multiple comb patterns to code the sequence. This flexibility however allows a corner case that has not been addressed by the requirements in rel 15 of the RAN4 spec.
The corner case
In multi-layer operation, a possible scenario is that all layers involved have the same DMRS sequence but have mutually complementary comb patterns. Further, a UE that declares support for coherent UL MIMO could be configured with a precoding matrix ‘W’ that linearly combines the layers for transport through each logical antenna port. Examples of this type of precoding are highlighted and excerpted from TS38.211 below in figure 2.1-1:
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Figure: 2.1-1: Precoding matrix options for two-layer transmission
The PAPR of an actual DMRS symbol over a 20RB allocation sent to each of the antenna ports in the corner case identified above is shown in figure 2.1-2, for a 2 layer case. Also included is the PAPR CCDF of a PUSCH symbol with the same precoding matrix assumption. Note that the UL MIMO symbol PAPR is like that of data if the DMRS sequences in the 2 layers are not corelated.
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Figures 2.1-2: PAPR of an UL MIMO DMRS symbol
Observation 1: The PAPR (dB) of the DMRS symbol and the PUSCH symbol are identical for CP-OFDM
Observation 2: The PAPR (dB) of the UL MIMO DMRS symbol increases (~2dB @ 10-4) relative to single layer CP OFDM symbol, if the DMRS sequences are correlated.
[bookmark: _GoBack]In v15.6 of the standard, MPR allowances for UL MIMO redirects the reader to the MPR section for single layer CP OFDM waveforms. It reflects the underlying assumption that PAPR for UL MIMO cases are like that of single layer CP OFDM PUSCH waveforms. This is indeed the case if the DMRS sequences used for all the layers are uncorrelated. Unfortunately, as captured in observation 2, the standard allows cases where PAPR of a DMRS symbol could be higher than that of PUSCH. The DMRS symbol ends up as the determining factor for MPR in this condition. We estimate the PA will have to be backed off by an additional 2dB to be emissions and signal-quality compliant.
Observation 3: For rel. 15 FR1 and FR2, existing MPR for UL MIMO applies only when the DMRS used for all layers are un-correlated. 
The standard must address the corner case in UL MIMO operation, where the DMRS sequences violate the condition in observation 3, i.e they may be the same across multiple layers. The higher PAPR in this condition will drive higher MPRs, so it behoves of the network to avoid this condition. We see two options to capture this ramification in the standard:
	
	Option 1
	Option 2

	Description
	Specify a parallel set of MPRs for UL MIMO operation where the DMRS sequences are the same across multiple layers
	Retain current requirements, but add qualification that requirements apply only when DMRS sequences are uncorrelated across layers.

	Advantage
	Spec explicitly addresses a legal corner case
The penalty, in terms of extra MPR a UE may take, is quantified
	Spec format and length remain unchanged
Circumvents need to capture detail for a configuration that should be avoided

	Disadvantage
	Significant effort to determine parallel set of MPRs
	RAN4 requirements would not apply to a corner case signal configuration ostensibly allowed by RAN1



We prefer option 2 because we think it is poor use of RAN4 resources to launch a simulation campaign to quantify a parallel set of MPRs for a configuration that ought not to be pursued by the network, for a completed release, as would be required by option 1.
Proposal 1: Insert into standard for both FR1 and FR2: ‘UE requirements for UL MIMO operation apply only when DMRS sequences assigned across all layers are uncorrelated.’
In the interest of completeness and consistency of the spec, RAN4 may choose to send an LS to RAN1 to convey our observation regarding the operational ramifications of the corner case configuration where DMRS sequences may be correlated across multiple layers. 
Proposal 2: Send LS to RAN1 with observation that higher MPR is required for UL MIMO operation if some of the DMRS sequences are correlated.
Conclusion
[bookmark: _Hlk525651684]We identified a corner case of DMRS signal configuration for UL MIMO operation that requires the PA be backed off an additional amount relative to agreed allowances. This configuration is avoidable by simple network planning to ensure DMRS sequences assigned to a UE are uncorrelated. To capture this detail we make the following proposals.
Proposal 1: Insert into standard for both FR1 and FR2: ‘UE requirements for UL MIMO operation apply only when DMRS sequences assigned across all layers are uncorrelated.’
Proposal 2: Send LS to RAN1 with observation that higher MPR is required for UL MIMO operation if some of the DMRS sequences are correlated.
The proposed changes are captured in companion CRs [2], [3]
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Table 6.3.1.5-4: Precoding matrix 7 for two-layer transmission using two antenna ports with
transform precoding disabled.
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