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Introduction
In this report, we address power imbalance and high PAPR issues of DMRS and CSI-RS in Rel-15. We propose potential solutions to both issues.

DMRS
Power imbalance Issue
In Rel-15, a power imbalance issue of DMRS   was raised by some companies [1-5]. The issue may arise when a spatial linear precoder is applied to DMRS ports in the same CDM group which are obtained through the use of the OCC (orthogonal cover code) pattern  specified in Rel-15 NR, the combined effect of spatial linear precoder and the OCC pattern leads to signal nulls at some fixed RE locations in a PRB where the DMRS ports reside. As a result, signal nulls at all RE locations in some OFDM symbol(s).
[bookmark: OLE_LINK2]Take 4 ports 2-symbol DMRS Type 1 as an example, Figure 1 shows a problematic case when all ports are weighted by a spatial linear precoder [1,1,1,1]. In the figure, {a,b,c,d} indicates the fixed RE locations spanned by OCCs.  
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Figure 1. Power imbalance of Rel-15 DMRS



The 2nd OFDM symbol has zero power while the 1st symbol has twice power compared with regular data symbols. The power imbalance in time decreases efficiency of PA. Figure 2 shows an example.

[image: ]
Figure 2. Power imbalance in the time domain

We have following observations for the linear combination of DMRS ports.
Observation 1. Rel-15 OCC can cause power imbalance in the time domain

Power of non-zero REs in the 1st symbol has 4 times power compared with uniform distributed power in frequency domain. Recall that DMRS can have power boost (up to 3dB for Type 1 and 4.77dB for Type 2). As a result, it can have 9dB (for Type 1) power difference between some DMRS REs and data REs. Moreover, a regular on-off pattern (peak in every other 4 REs) is shown in the frequency domain. When consider non-linearity of PA, a pattern of evenly spaced high power REs could cause higher variation for out-of-band (OOB) spectrum emission as elaborated more later in this section and in Appendix A.

Observation 2. Rel-15 OCC can cause evenly spaced high power REs in frequency domain.
One may consider this is transmitter implementation issue which can be resolved by applying a phase shift (possibly random) for each scheduled port and corresponding data layer. Such scheme could be useful for MU-MIMO rank 1 transmission. However, for SU-MIMO with higher rank, additional phase on each layers could compromise the phase selected from PMI, which is derived from CSI-RS/SRS, and degrade MIMO performance.
In below, we consider potential solution consists of two main ingredients 
· Circular shifted (or alternative reversed) TD-OCC (‘CS-TD-OCC’ in short)
· Port-specific phase rotated OCC (‘P-OCC’ in short)

We elaborate both in detail in the following subsections.

Circular shifted (or alternative reversed) TD-OCC (CS-TD-OCC)
[bookmark: OLE_LINK8]One solution is to use circular shifted TD-OCC along frequency domain alternatively. In the case that TD-OCC has length 2, this equals to alternative reversed TD-OCC considered by companies [1-5] while circular shifted TD-OCC can easily extend to cases with larger TD-OCC length (e.g., in CSI-RS). As a result, {a,b,c,d} and {a’,b’,c’,d’} patterns are alternatively appeared in frequency domain as shown in Figure 3. When there are even number of PRB, two DMRS symbols will have the same power. 
[image: ]
Figure 3. Circular shifted TD-OCC
Foreseeable pros and cons for this approach are identified below:
Pros: Two symbols’ power is balanced regardless of spatial precoding weights. 
Cons: It has regular on-off power pattern in the frequency domain. As 4-port DMRS case shown in Figure 3, the frequency domain power distribution is even less uniform than the original waveform in Figure 1.

Consider non-linearity of PA, the regular on-off pattern could influence OOB emission as the spectrum shown in Appendix A. Figure A.2 in Appendix A shows spectrum of PA output for DMRS with CS-TD-OCC (OCC1) and without CS-TD-OCC (OCC2. i.e., the original waveform in Figure 1) where the latter has 3dB pack-off to have the same power level as OCC1 on the first symbol. It is observed that OCC1 has higher OOB emission spike variation which can risk spectrum emission mask (SEM) test.
In Figure A.3 we compare OCC1 and OCC3, where OCC3 is an experimental scheme in which the same pattern as OCC1 is used yet the resulted DMRS REs in the same CDM group are shuffled around to avoid a pattern of evenly spaced high power REs. We conclude that high OOB emission variation as witnessed for OCC1 is due to a regular on-off power pattern in the frequency domain (in another word a pattern of evenly spaced high power REs).

[bookmark: _Ref525831514]Port-specific phase rotated OCC (P-OCC)
We can consider a scheme that apply (deterministic) port-specific phase rotation to existing OCC. More specifically, the OCC for DMRS port p is defined to be  . The orthogonality between OCCs remain unchanged after a constant phase shift . An example is illustrated in Figure 4. 
To simplify design, phase  can take value from {1,-1,j,-j}. To determine a specific sequence , it looks possible DMRS ports combination as shown in Table 1 according to 38.212 and possible precoding weight (e.g., UL codebook from 38.211) for all Tx antennas. 
	Table 1. DMRS ports combination

		Number of Ports
	Ports combination

	2 ports
	{0,1}, {4,5}, {0,4}

	3 ports
	{0, 1, 4}

	4 ports
	{0, 1, 4, 5}







Table 2 lists some candidates of  which are found to have uniform power when 4 ports are configured.
	Table 2. Candidate phase vectors. 

		

	[1, j, j, -1]

	[1, j, -j, 1]

	[1, -j, j, 1]

	[1, -j, -j, 1]






Furthermore, this scheme can combine with CS-TD-OCC to have balanced power in time regardless of precoding weights and have nearly uniform power in frequency. This is illustrated in Figure 4.
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Figure 4. Combine P-OCC and CS-TD-OCC

Figure A.4 in Appendix A shows the spectrum of OCC4 (CS-TD-OCC and P-OCC) and OCC1. It is observed that OCC1 has higher variance in both IB (in-band) and OOB.

[bookmark: _Ref525766757]PAPR issue
Rel-15 DMRS can have high PAPR issue [5-6]. In the considered case, high PAPR of DMRS is caused by summing the same sequence (up to a phase rotation) allocated to different CDM groups. Take DMRS type 1 as an example, when ports 0,2 are used together, the sequences in frequency domain are illustrated in Figure 5. 
Denote  is time domain signal from CDM group i. If two CDM group signals are the same but  subcarriers apart in frequency domain, we have ,  is FFT size. Consider there are  CDM groups present, the overall time domain signal (assuming equal weight) is 

In the case of DMRS Type 1 (i.e., Figure 5), =1 and . For DMRS type 2, =2 and. Figure 6 shows  for some value pair () of interest. We observe the combined time domain signal can be with 4 times peak power as the original single group signal for Type 1 and 9 times for Type 2 configuration. 
[image: ]
Figure 5. Frequency domain for high PAPR case
[image: ]
Figure 6.  

A general idea is to resolve high PAPR due to signals from multiple CDM groups is to modify  by some means. We consider three possible solutions, each try to manipulate sequences used in each CDM group in a certain way to avoid high PAPR. In the following, we denote  the base Gold-sequence and denote  the frequency domain sequence used for CDM group .  stands for the corresponding time domain waveform of group .
Solution 1 (group-specific sequence shift)
We can use different Gold sequences for each CDM group. In particular, we can use different sequence offset  for CDM group . For example, .
Solution 2 (group-specific phase ramp)
[bookmark: OLE_LINK1][bookmark: OLE_LINK7]Alternatively, we can apply group-specific phase ramp to. An example in Figure 7 apply phase ramp with step  to CDM group , where  is according table below. Note in this scheme, time domain  is a circular shifted and modulated version of .
	Table 3. Group-specific phase ramp parameters

		CDM group 
	

	0
	0

	1
	1

	2
	3







[image: ]
Figure 7. Group-specific phase ramp

Solution 3 (group-specific sequence permutation)
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]We can also permute sequence  according to group-specific permutation function . That is, . A simple choice of permutation function can be reverse order, by which time domain signal is also reversed. Another option can be sequentially picking all even samples and then all odd samples. 
In Appendix B, numerical results (Figure B.2-B.4) show that all considered methods can effectively reduce PAPR.
CSI-RS
The aforementioned power imbalance and high PAPR issues of DMRS can also arise in Rel-15 CSI-RS:
(a) Within a CDM group, summing over ports cause signal nulls on time locations, resulting imbalance. The problematic configurations with this issue include those from  rows 8, 10, 12, 14-15, 17-18 in Table 7.4.1.5.3-1 of 38.211 (see Table 4), which has cdm-type CDM4(FD2,TD2) or CDM8(FD2,TD4). 
(b) A same sequence (up to a phase rotation) from different CDM groups are multiplexed in frequency domain, resulting high PAPR in time (also see Figure 6). The configurations include those found on rows 4, 6-18.
Table 4. CSI-RS locations (from 38.211 Table 7.4.1.5.3-1).
	Row
	Ports[image: ]
	cdm-Type
	[image: ]
	CDM group index [image: ]
	Power imbalance issue
	High PAPR issue

	1
	1
	No CDM
	, , 
	0,0,0
	
	

	2
	1
	No CDM
	,
	0
	
	

	3
	2
	FD-CDM2
	,
	0
	
	

	4
	4
	FD-CDM2
	,
	0,1
	
	

	5
	4
	FD-CDM2
	,
	0,1
	
	Yes

	6
	8
	FD-CDM2
	, , , 
	0,1,2,3
	
	

	7
	8
	FD-CDM2
	, ,, 
	0,1,2,3
	
	Yes

	8
	8
	CDM4 (FD2,TD2)
	 , 
	0,1
	Yes
	Yes

	9
	12
	FD-CDM2
	, , , ,, 
	0,1,2,3,4,5
	
	Yes

	10
	12
	CDM4 (FD2,TD2)
	, , 
	0,1,2
	Yes
	Yes

	11
	16
	FD-CDM2
	, , , ,, , , 
	0,1,2,3,
4,5,6,7
	
	Yes

	12
	16
	CDM4 (FD2,TD2)
	, , , 
	0,1,2,3
	Yes
	Yes

	13
	24
	FD-CDM2
	, , , , , ,, , , , , 
	0,1,2,3,4,5,
6,7,8,9,10,11
	
	Yes

	14
	24
	CDM4 (FD2,TD2)
	, , , , , 
	0,1,2,3,4,5
	Yes
	Yes

	15
	24
	CDM8 (FD2,TD4)
	, , 
	0,1,2
	Yes
	Yes

	16
	32
	FD-CDM2
	, , , ,, , , , , , , , , , , 
	0,1,2,3,
4,5,6,7,
8,9,10,11,
12,13,14,15
	
	Yes

	17
	32
	CDM4 (FD2,TD2)
	, , , , , , , 
	0,1,2,3,4,5,6,7
	Yes
	Yes

	18
	32
	CDM8 (FD2,TD4)
	, , , 
	0,1,2,3
	Yes
	Yes




Solutions 
· Power imbalance 
Proposed solutions for DMRS with modification can be used to resolve issues in CRI-RS. For CDM4, the same method for DMRS can apply directly. For CDM8, instead of reverse, we use 4 different circular shifted version of TD-OCC and result in 4 different shifted patterns on 2x4 REs grid. Stack those patterns in turn along frequency domain, we can have time domain balanced power. Furthermore, P-OCC scheme described in Section 2.1.2 for DMRS can be applied jointly to further unify the power in frequency domain and reduce OOB emission. Figure 8 illustrates this scheme for configuration row 18. 

[image: ]
Figure 8. Proposed solution for CSI-RS with CDM8 (configuration row 18)

· High PAPR 
Solution 1 to 3 described in section 2.2 can be extended to CSI-RS, which has up to 6 CDM groups (e.g., configuration row 9) FDMed in one symbol.

We therefore have following proposals:
Proposal 1: Consider adopting one or both following schemes to resolve DMRS/CSI-RS power imbalance issue in Rel-16
· Circular shifted TD-OCC
· Port-specific phase rotated OCC

Proposal 2: Consider adopting one of the following schemes to resolve DMRS/CSI-RS high PAPR issue in Rel-16
· Group-specific sequence shift
· Group-specific phase ramp
· Group-specific sequence permutation
Conclusion
[bookmark: _Ref503534610]Observation 1. Rel-15 OCC can cause power imbalance in time domain

Observation 2. Rel-15 OCC can cause evenly spaced high power REs in frequency domain.

Proposal 1: Consider adopting one or both following schemes to resolve DMRS/CSI-RS power imbalance issue in Rel-16
· Circular shifted TD-OCC
· Port-specific phase rotated OCC

Proposal 2: Consider adopting one of the following schemes to resolve DMRS/CSI-RS high PAPR issue in Rel-16
· Group-specific sequence shift
· Group-specific phase ramp
· Group-specific sequence permutation
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Appendix A. PA output spectra for OCC designs
Simulation setup
	Name
	Value

	Channel Bandwidth
	20MHz

	SCS
	15kHz

	NPRB
	100

	Measure BW resolution
	30kHz

	DMRS configuration
	Type 1

	DMRS ports
	[0,1,4,5]

	Precoding weight
	[1,1,1,1]

	PA model
	AM-AM/AM-PM with parameters extracted from measurement



Legend description
	Legend
	Descriptions

	OCC1
	CS-TD-OCC 

	OCC2
	Original Rel-15 OCC. Additional 3dB power back-off.

	OCC3
	OCC1 with random shuffle REs within CDM group 0.

	OCC4
	P-OCC rotation by [1, j, j, -1] + CS-TD-OCC 





[image: ]
Figure A.2. DMRS symbol spectrum. OCC1 v.s. OCC2

[image: ]
Figure A.3. DMRS symbol spectrum. OCC1 v.s. OCC3

[image: ]
Figure A.4. DMRS symbol spectrum. OCC1 v.s. OCC4


Appendix B. PAPR simulation results 

[image: ]
Figure B.1. Rel-15 (DMRS type 2)
[image: ]
Figure B.2. Group-specific sequence shift (DMRS type 2)
[image: ]
Figure B.3. Group-specific phase ramp (DMRS type 2)
[image: ]
Figure B.4. Group-specific sequence permutation (DMRS type 2)
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