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1 Introduction
In 3GPP TSG RAN WG1, the following agreements were made on DM-RS support for DL and UL [1], [2]:
	Agreement:
· 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 port
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDM-ed DMRS ports are QCL-ed.

Agreement:
Discuss further after the Rel-15 Dec. specifications the DMRS locations for PDSCH/PUSCH smaller than the current specified durations.


In this contribution we provide our views on some of the remaining issues of DM-RS design such DM-RS power imbalance, DMRS power boosting for QPSK, signalling of configured scrambling ID for DMRS sequence initialization and position of additional DMRS for some cases not covered under current agreements. Additionally, we also provide text proposals for corrections needed in 3GPP RAN1 specifications on sections related to DM-RS. 
2 Discussion
2.1 DM-RS Power Imbalance:
In the case of two-symbol DMRS, for both configuration Type 1 and Type 2, transmit power imbalance may occur across antenna ports on both OFDM symbols across allocated DM-RS resource elements when the time domain orthogonal cover codes (TD-OCC) are used to spread the DM-RS in time. 
For example, as shown in [5], for type 1 DM-RS, considering a single comb used to multiplex ports 0,1,2,3 and the fact that the cyclic shift is implemented using all 1’s for the first symbol and alternate +1 and -1 for the second symbol, the OCC mapping pattern is shown in Figure 4.
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Figure 1: Worst case DM-RS Power Imbalance at the transmitter


In Figure 4, the combination of TD and FD-OCC for every 4 REs is the equivalent of a length 4-OCC providing orthogonality in both frequency and time. It is seen that only one OFDM symbol has high power while the other symbol has zero average power i.e., there is a power imbalance. Note that the power imbalance depicted in Figure 4 is a worst-case scenario where the same precoding weights are used across all ports. In the case of non-identical pre-coding, the power imbalance may be less severe but the proposed solutions and arguments presented in the following section are valid for such cases as well. The DM-RS power imbalance issue was partially addressed in [5] by interchanging the TD-OCC pattern i.e., by using the mapping pattern  and  alternately instead of using only repetitively as in Figure 4. This addresses the power imbalance across OFDM symbols while still preserving the orthogonality due to the cyclic shift. For Type 1 DM-RS, this requires averaging over two PRBs to equalize the average power on both symbols while for Type 2 DM-RS, the equalization can be achieved over 1 PRB. However, a power imbalance over REs is still present. To address this issue, we propose randomization of peak power over symbols as well as REs by alternately using the following four OCC mapping patterns, and. The proposed OCC mapping pattern for Type 1 and Type 2 DM-RS is shown in Figure 4 for case of one comb (Type 1) and 1 RE-pair (Type 2). 








Figure 2: Proposed OCC mapping pattern for Type 1 and Type 2 DM-RS addressing power imbalance issue across REs and OFDM symbols


Another artefact of the proposed peak power randomization over OFDM symbols as well as all REs is the fact that possible interference caused by the DM-RS transmission is also randomized across frequency and time. The cost of additional randomization is that we require 4 PRBs to achieve full power randomization for the case of Type 1 DM-RS as shown in Figure 5. The OCC mapping pattern can be repeated across the UE’s operating bandwidth without loss of orthogonality within each PRB. Similarly the proposed mapping pattern for the case of Type 2 DM-RS requires 2 PRBs to randomize peak power over both REs and OFDM symbols as in Figure 4.
Proposal 1: 
· To address the issue of power imbalance for two-symbol DM-RS (Types 1 and 2) when using TD-OCC, the peak power should be randomized over OFDM symbols as well as resource elements such that average power is equalized over all REs and symbols when averaged over multiple PRBs.
· The OCC mapping patterns shown in Figure 2 should be adopted to address the power imbalance issue.

2.2 DM-RS power boosting 
It was agreed in RAN1#91 meeting that power boosting of DMRS per transmitted layer from the UE perspective, is performed only when there are CDM-groups without data [8]. However, for the case when QPSK modulation is applied, relatively small density of DM-RS REs per OFDM symbol, supported by some DM-RS patterns, offers the option of the UE transparent power sharing between DM-RS and PDSCH. Such power sharing can improve the channel estimation performance for low SINR UEs at the cell-edge, where the channel estimation becomes a major performance bottleneck. In such cases, a larger channel estimation processing gain is required to improve the overall performance. 
Comparing to additional DM-RS pattern design supporting higher density of DM-RS REs for the UEs operating in such low SINR regime, DM-RS power boosting approach of increasing channel estimation gain is more efficient as it relies on the same DM-RS pattern. Moreover fully transparent to the UE (i.e. doesn’t requires any signalling to the UE due to use of QPSK) power boosting on DM-RS allows soft balancing between channel estimation and PDSCH processing efficiency for the UE. The performance improvement offered by such flexible power control is analysed in [9] and showed to be efficient for NR. 
Proposal 2:
Downlink DM-RS supports power boosting without signalling assistance to the UE for PDSCH scheduled with QPSK modulation
Figure 3 shows the examples of power sharing between DM-RS REs and PDSCH REs. It can be seen that for DM-RS patterns with small density of DM-RS REs in each OFDM symbol, power boosting on DM-RS REs doesn’t significantly reduce the power on PDSCH REs, therefore, minimizing power fluctuations across OFDM symbols with and without DM-RS.



Figure 3: Illustration of flexible and UE transparent power sharing between DM-RS and PDSCH Res

2.3 Additional DMRS Configuration
For the case of slot-based scheduling, when the UE is semi-statically configured with a given number of additional DMRS, it is possible that the actual PDSCH length is smaller than the minimum number of symbols required to support such configuration. In this case, UE behaviour needs to be defined instead of placing scheduling restrictions such that smaller PDSCH lengths than required for supporting the additional DMRS are not allowed.
Proposal 3:
For slot-based transmission, when the number of PDSCH symbols is less than the smallest value required for supporting a given number of RRC configured additional DMRS symbols(s), then the additional DMRS outside the PDSCH region should be dropped. 


3 Text Proposal
3.1 TS 38.211 Section 6.4.1.1 - UL DMRS Precoding


The following text proposal addresses an issue with the current definition of uplink DM-RS precoder in TS 38.211, section 6.4.1.1.2. In this section, the precoder for DM-RS is defined identical to the data as in section 6.3.1.5. However, the current mapping from DMRS ports  to physical antenna ports is defined as follows:





[bookmark: _GoBack]The major concern with this mapping is that in this case, it is implied that post pre-coding, ports from all CDM groups can be combined in . As a result the subsequent mapping to physical resources defined in Section 6.4.1.1.3 does not work since it is not clear which values of  should be used for resource mapping of antenna port. In order to remove this ambiguity, the following correction is proposed where the changes are marked in red and old equations are are hatched out in red.  
Beginning of Text Proposal
[bookmark: _Toc500952684]6.4.1.1.1.1	Sequence generation when transform precoding is disabled
<Unchanged parts omitted>

The reference signal sequence  shall be generated according to


 
<Unchanged parts omitted>
6.4.1.1.1.2	Sequence generation when transform precoding is enabled
<Unchanged parts omitted>

The reference signal sequence  shall be generated according to


 
<Unchanged parts omitted>
6.4.1.1.2	Precoding

The reference-signal sequence  shall be precoded according to


 
where 

-	the precoding matrix  is given by clause 6.3.1.5, –

-	the set of antenna ports  is given by clause 6.3.1.5, and    

-	the set of antenna ports  is given by [TS38.214].	Comment by Stefan Parkvall: Typically obtained from the DCI (7.3.1.1 of 36.212), but if there is no DCI some procedure in 214 needs to provide values.

[bookmark: _Toc500952685]6.4.1.1.3	Mapping to physical resources
The precoded PUSCH DM-RS shall be mapped to physical resources according to type 1 or type 2 as given by the higher-layer parameter UL-DMRS-config-type.


The UE shall map the sequence  to resource elements according to
-	if transform precoding is not enabled, 


      

	and the reference point for  is subcarrier 0 in common resource block 0.
-	if transform precoding is enabled


      

	and the reference point for  is subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.
End of Text Proposal 

4 Conclusions
In this contribution we have provided our views on some of the remaining details of DM-RS design such as DM-RS power imbalance, DM-RS power boosting for QPSK and additional DMRS configuration for the case when scheduled PDSCH/PUSCH is smaller in duration than is needed to support the semi-statically configured number of additional DMRS symbols. We have also provided a text proposal for correction of inconsistencies in UL DMRS precoding and resource mapping. The following proposals were made:
· To address the issue of power imbalance for two-symbol DM-RS (Types 1 and 2) when using TD-OCC, the peak power should be randomized over OFDM symbols as well as resource elements such that average power is equal on all REs and symbols when averaged over multiple PRBs.
· The OCC mapping patterns shown in Figure 2 should be adopted to address the power imbalance issue.
· Downlink DM-RS supports power boosting without signalling assistance to the UE for PDSCH scheduled with QPSK modulation
· For slot-based transmission, when the number of PDSCH symbols is less than the smallest value required for supporting a given number of RRC configured additional DMRS symbols(s), then the additional DMRS outside the PDSCH region should be dropped.
· Text proposal to correct definition of UL DMRS pre-coder and subsequent resource mapping in TS 38.211 Section 6.4.1.1.
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