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1 Introduction
The first discussions on BS conformance work started during last RAN4#86 meeting in Athens. 

One of the addressed topic  was the generation and specification of the Test Models for NR. And one of the major concerns with test models is the excessive number of combinations that would need to be specified with all new channel bandwidth and SCS introduced with NR.

One aspect of the test models is to decide on the involved physical channels and as we investigated some channels, we noticed some potential issues for DM-RS and CSI-RS which if further described in this contribution.  
2 Discussion 
2.1 Test Models
Test Models definition is an important step in the specification of conformance tests. They are used to test BS transmitter performances and generate the BS transmitted signal. 
Test models are specified very precisely: the used physical channels are listed with associated power offsets, scheduling is specified over the considered 10 subframes mentioning the modulation per PRBs, the boosted PRBs, … 
When test models were specified, reasonably challenging signals, representative of real operating conditions, were considered. Relevant Tx challenges like power dynamics and PAPR were taken into account.
A similar approach should most likley be adopted when specifying NR test models. For this reason, we have started looking at some NR signals, their waveform and possible impact in term of PAPR. We made the following observation described in next sub section.
2.2 Potential issue context
2.2.1 DM-RS

According to RAN1 TS 38.211 specifications [2], DM-RS mapping to physical resources shall follow the rules in Figure 1.
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Figure 1: DM-RS physical resources mapping (TS 38.211)

There are 2 types of DM-RS mapping, one with 2 CDM groups (type 1) and the other with 3 CDM groups (type 2). The corresponding mapping (in frequency domain) for single-symbol based DM-RS is described in Figure 2. It can be observed from this figure that DM-RS sequences in CDM group 0 is copied into the other CDM groups and that the DM-RS mapping is representative for both downlink and uplink (DM-RS port numbering in downlink is 1000, 1001, …). Which ports to use in the transmissions are dynamically signalled (TS 38.212 [4]).
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Figure 2: Specified DM-RS mapping to CDM groups.

Now, let’s consider a scenario with 2 Tx with DM-RS on port 0 and on port 2 (the 2 DM-RS ports are then separated by FDM) and with precoding such that the ports are transmitted on both antennas.
BS may then apply the precoder [1 1 ; 1 -1]/2 or [1 1 ; j -j]/2 (this is just an example) to give the precoded DM-RS sequences that would be transmitted on each antenna port as shown in Figure 3 (where scaling by 1/2 has been omitted for simplicity and easy reading).
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Figure 3: DM-RS after precoding with [1 1; 1 -1] or [1 1; j -j] 
Figure 4 shows the PAPR ccdf for a 10 MHz BW signal considering the specified DM-RS physical resource mapping and compares it with random (Rayleigh distribution) QPSK data. 
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Figure 4: PAPR comparison: DM-RS mapping type 1 vs QPSDK data
From this Figure 1, it can be observed that the specified DM-RS physical resource allocation in TS 38.211 ([2]) would have a significant impact on transmitted signal’s PAPR, which would have major consequences on BS PA design and possibly demodulation performance. This PAPR issue applies to both DM-RS mapping type 1 and type 2.
Observation 1: The specified DM-RS resource mapping in TS 38.211 would increase transmitted signal’s PAPR figures and so BS PA complexity and demodulation performance.
2.2.2 CSI-RS
 According to RAN1 working assumption and agreement, CSI-RS mapping to physical resources shall follow rules mention in  Figure 5:
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Figure 5: CSI-RS physical resources mapping (TS 38.211) and agreement
If we consider a simple quite common scenario with:
· 8 CSI-RS ports.

· Density [image: image9.png]


.

· A single symbol for CSI-RS.

This would correspond to row 7 from Table 7.4.1.5.2-1 “CSI-RS locations within a slot” of [2], as shown on Figure 6.
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Figure 6: From TS38.211: Table 7.4.1.5.2-1 “CSI-RS locations within a slot”
Let’s further initialize by:

- Setting [image: image12.png]


(for example, to place the CDM groups in frequency domain within the RBs).
- Resource Elements are either allocated with CSI-RS, either with QPSK data. 
- Power of CSI-RS is scaled to achieve nominal power. 
- CSI-RS is precoded, here in this example, we are using a random wideband precoders (QPSK phase shifts) with a new realization every OFDM symbol; in practice the same behaviour is seen for virtually any choice of precoder.
Following Figure 7 shows PAPR ccdf of a 10 MHz BW signal with the specified CSI-RS allocation comparing to random (Rayleigh) distribution of QPSK data for one of the transmit antenna. 
As it can be seen in this figure and in this table, the specified CSI-RS physical resource allocation has a considerable impact on transmitted signal’s PAPR.
.
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Figure 7: PAPR ccdf comparison in betwen for CSI-RS mapping and random QPSK data.
Observation 2: The specified CSI-RS resource mapping would increase PAPR figures and so BS PA complexity and demodulation performance.
3 Conclusion
In this contribution, we have further investigated RAN1 resource mapping specifications for CSI-RS and noticed currently specified rules would impact signal’s PAPR and so increase BS PA design complexity. We made also following proposal.
Observation 1: The specified DM-RS resource mapping in TS 38.211 would increase transmitted signal’s PAPR figures and so BS PA complexity and demodulation performance.

Observation 2: The specified CSI-RS resource mapping would increase PAPR figures and so BS PA complexity and demodulation performance.
Proposition: Send LS to RAN1 to clarify current resource mapping rationale for DM-RS and CSI-RS and request for mitigation solutions.
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Working Assumption


Agree to the following text for TS.38.211 with the understanding that the 1 port rate=1/2 case needs to be checked. If there is an issue with the working assumption for 1 port rate=1/2, technical details will be modified.


7.4.1.5.3	Mapping to physical resources


For each CSI-RS component configured, the UE shall assume the sequence � EMBED Equation.3 ��� being mapped to physical resources according to 


�


under the condition that the resource elements indexed by � EMBED Equation.3 ���are within the resource blocks occupied by the CSI-RS for which the UE is configured. The reference point for � EMBED Equation.3 ��� is subcarrier 0 in common resource block 0. The value of � QUOTE � ��� is given by the higher-layer parameter CSI-RS-Density.





Agreement (RAN1#92):


For the CSI-RS sequence mapping, the working assumption from RAN1 NR Ad Hoc 1801 for density 1 and 3 is confirmed
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