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	· 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)


And in last meeting, it has been agreed as WA that [2]
	Working Assumption
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution


In this paper, we discuss the necessity of CSI-RS and the solution of DMRS enhancement for PAPR reduction in R16.
DM-RS for CP-OFDM
To avoid PAPR increases result from sequence repetition in the frequency domain, it was agreed as a working assumption in [2] that for the Rel-16 DMRS enhancement, each CDM group is configured with different. For Type 1, the two   configured by   (=0, 1) in R15 are used for the two CDM groups, respectively. However, DMRS Type 2 has up to 3 CDM groups, thus a different solution for Type 2 to realize different  for each CDM groups should be considered in NR. 
Furthermore, as agreed in the working assumption, both for Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different) and CDM group specific  is supported. It means that for Type-1, two   should be used for multi-TRP selection, and at the same time,   also need to be used for different CDM group for different  generation. Totally, should be 4 combinations for  are required. For Type-2, with considering 3 CDM groups and multi-TRP dynamic selection, at least 6 combinations for  are required.



For Type-2 DMRS, as agreed in the working assumption, introduce the CDM group index  in   As the mapping between DMRS ports and CDM group index  had been clearly specified in NR R15, a straightforward solution for Type-2 DMRS is given as follows, where considering fall back to the same   as R15 for cases with only 1 CDM groups (=0) scheduled. In addition, another principle should be considered when designing the generation of initialization parameter, that is, no matter what  and  are configured, the repetition of  should be avoided for PAPR reduction. Given all that, the cinit can be designed as follows:
, 
where  can be any permutation of ,  and  within the lower 17-bit, e.g.,   .
In the design, the CDM group index  is added in both the high-bits and low-bits, which avoid the repetition of  . If the only one CDM group is adopted, then , the  falls back to Rel-15. 
Proposal 1: Support the following cinit generations for DMRS Type2:
, where  can be any permutation of ,  and  within the lower 17-bit, e.g.,   .
In the working assumption, new design of the DMRS sequence is introduced in R16. Backward compatibility problems should be carefully considered since different sequences are generated in R15 and R16. For example, in cases of MU pairing between UEs from different releases, 
· the orthogonality of the de-spreading between CDM-ed ports for Rel-15 and Rel-16 UEs may be destroyed due to the different  .
· interference measurement and suppression between these UEs may be complicated,
· the number of pairing layers may also be limited since different DMRS sequence will be generated for these UEs.
To eliminate the above adverse effects, some candidate solutions can be considered for the incompatibility.
[bookmark: _GoBack]For MU pairing between R15 and R16:
To address the MU pairing between Rel-15 and Rel-16 UEs, one solution is with scheduling restriction, i.e., the DMRS ports in the same CDM group cannot be scheduled for users from different releases. However, the scheduling flexibility will be reduced with this kinds of configuration solutions. For example, to avoid CDM multiplexing between R15 and R16 UEs, the number of maximum orthogonal scheduling DMRS ports will be reduced. 
So, to address all above the incompatibility problems, a better solution of dynamically switching sequence types for Rel-16 UE should be supported. For example, when UEs from different releases are co-scheduled, R16 UEs should fall back to use R15 sequences for better MU performance.
Proposal 2: Dynamically switching sequence type between R15 and R16 sequences should be supported for backward compatibility problems.
DM-RS for Pi/2-BPSK DFT-S-OFDM
Metrics for the DMRS sequence design for pi/2 BPSK
To enhance the DMRS performance for UL DFT-S-OFDM, it is a working assumption in last meeting [2] that for PUSCH/PUCCH DMRS with pi/2 BPSK modulation, new DMRS sequences should be specified to reduce the PAPR to the same level as for data symbols. It also suggested in the working assumption that when designing the sequences, channel estimation performance and cross correlation performance should be taken into account. Some other metrics should also been taken into consideration for better channel estimation performance of pi/2 BPSK in addition to the low PAPR property. 
PAPR on sequence: 
Since the goal of the enhancement for DMRS in Rel-16 is for low PAPR, the metric of low PAPR should be considered in the new sequence design. Indeed, the same level PAPR of DMRS as the pi/2 BPSK data in the previous working assumption. One thing we need to clarify is that the requirement is the same level for PAPR of DMRS and data in the working assumption, but not the same PAPR. Actually, the PAPR of sequence may be less or more than data, which cannot be the exact same value. In our understanding, the “same level” for PAPR should be the gap within about 0.5 dB for data and the new DMRS sequence, which is very small impact on the power fall back or coverage issue. Since the gap between the data with pi/2 BPSK modulation and DMRS sequence in Rel-15 is about 1.6dB ~ 2dB. To satisfy the requirement of same level of PAPR, in the enhanced sequence, we should at least reduce the PAPR of DMRS for pi/2 BPSK with 1.1~1.5dB.
Channel estimation: 
As captured in the working assumption, the channel estimation also should be considered in new sequence design. One issue is the frequency fluctuation in a symbol (the power of sequence in different RE/RBs may be different) in the sequence design will be impact the performance of channel estimation. So, the frequency fluctuation should be considered as a metric in the new sequence design.  
Cross correlation: 
Cross-correlation is indeed one of the principles of sequence design, which also should be considered as a metric here for the new DMRS sequence of pi/2 BPSK design. If with high cross-correlation for different sequences, the interference from the similar sequence is difficult to be removed, especially for the cell-edge UEs. The presence of many high cross-correlation sequences effectively reduces the number of available sequences.
Orthogonality of sequences: 
Since there may be multiple UEs pairing for UL transmission, the orthogonality between paired UEs in a symbol is provided through different cyclic shift and different combs. If with non-constant amplitude in frequency domain for the sequence design, the orthogonality will be difficult to be guaranteed if with the cyclic shift.   
The metrics discussed above may be related to the length of the sequence, i.e., the size of RBs in the resource allocation. Generally, both of the long and short sequence design for DMRS should be considered. Especially in NR R15 pi/2 BPSK DFT-S-OFDM has been agreed to be mandatory for FR2, it is possible to allocate larger resource allocations for pi/2 BPSK PUSCH. However, the general use cases of pi/2 BPSK is for cell-edge UEs, there is power limitation for UL transmission in such cases. Thus, in the Rel-16, we can first focus on the cases with small length sequence, such as 6/12/18/24.
Proposal 3: DMRS sequence for pi/2 BPSK DFT-s-OFDM should consider:
· PAPR;
· Channel estimation considering frequency domain fluctuation;
· Cross correlation
· Orthogonality of sequences
Further discussions on sequence design
Generally, the DMRS sequence can be designed in frequency domain or in time domain. The merits and disadvantages of the two kinds of sequences are analyzed as follows.
Frequency domain sequences:
Frequency domain sequences have been using in the previous releases. For example, in NR R15, CGS and ZC sequence are used respectively for short and long scheduling bandwidths. The first advantage of this kinds of sequences is that they can be designed with absolutely constant amplitude, where there is no frequency domain fluctuation. Consequently, better channel estimation performance will be obtained with unbiased channel estimation. 
As for the metric of cross-correlation, it should also be carefully taken into account when searching the optimal sequences since it is important to reduce interference between users in different cells. An example can be seen in [6].
In addition, since it is frequency domain sequences that are used for UL DFT-S-OFDM before, the processing procedure of DMRS with frequency sequences will be identical to the existing releases, therefore, the spec effort and developing effort of product design is smaller compared with time domain ones. 
However, low PAPR will not always be guaranteed for the frequency sequences, so extra efforts should be invested to searching sequences with lower PAPR. For example, low PAPR frequency sequences can be realized based on truncated ZC sequences [5], with different prime lengths for different resource allocations, searched by computer for an FDSS.
Another example for DMRS sequence design for pi/2 BPSK with low PAPR and without frequency fluctuation has been provided in our previous contribution [6]. 
 Time domain sequences:
For time domain sequences, the advantages of the time domain sequence design is that the similar procedure for pi/2 BPSK data process can be used for DMRS sequence, where the PAPR for DMRS and data can be nearly the same.  
However, as time sequences are modulated through DFT precoding, power fluctuations always occurs in frequency domain that may lead to performance loss as non-constant amplitude results in biased channel estimation in principle as shown in Figure 1 with the example DMRS sequence proposed in [7], especially for frequency selective channel. 
In addition, it worth noting that in time domain sequence design, orthogonality can’t be achieved by using cyclic shifts. For DMRS configuration 1 which is used for DFT-S-OFDM waveform, cyclic shifts and combs are used for multiplexing different DMRS ports. With DMRS sequence design in time domain, the number of maximum orthogonal DMRS ports is reduce to half. 
[image: ]           [image: ]
Figure 1 The frequency fluctuation (Left) for the sequence provided in [7] and channel response in time domain (right)
To sum up, the merits and disadvantages of frequency and time domain sequences can be summarized in Table 1.
 Table 1 Merits and disadvantages of frequency and time domain DMRS sequences
	Metric/Feature
	Frequency domain sequence
	Time domain sequence

	PAPR
	PAPR can be same level with data
	PAPR can be nearly the same as data

	Channel estimation
	Better with channel estimation since the amplitude is constant in the frequency domain sequence design 
	There will be performance loss due to the frequency fluctuation (see [7]).

	Cross-correlation
	Should be further compared

	Orthogonality of sequences
	Cyclic shift can ensure orthogonality
	Cyclic shifts cannot ensure orthogonality

	DMRS processing procedure
	Same as previous releases
	New processing in time domain for DMRS


  CSI-RS related enhancement
Whether to enhance CSI-RS for PAPR reduction is without conclusion for Rel-16 in the first meeting. As mentioned in the WID, “Perform study and make conclusion in the first RAN1 meeting after start of the WI”, following the WID, whether to enhance the CSI-RS for PAPR reduction should not be discussed again after first meeting. RAN1’s discussion should be in the scope of WID decided by RAN plenary.
From the technique view, it is also not necessary to enhance the CSI-RS for PAPR reduction in Rel-16, where the detailed discussion can be found in [8]
Based on above, we proposed that:
Proposal 4: CSI-RS enhancement for PAPR reduction is not necessary in Rel-16 and should not be discussed again after the first meeting according to the scope of WID.
Power imbalance
It is obvious that the power imbalance issues is not in the scope of Rel-16 MIMO WI. The power imbalance solutions also should not be discussed in Rel-16 MIMO.
Proposal 5: Power imbalance is out of scope for Rel-16 MIMO WID.
Summary of proposals
The observations and proposals in this paper are summarized as follows. 
Proposal 1: Support the following cinit generations for DMRS Type2:
, 
where  can be any permutation of ,  and  within the lower 17-bit, e.g.,   .
Proposal 2: Dynamically switching sequence type between R15 and R16 sequences should be supported for backward compatibility problems.
Proposal 3: DMRS sequence for pi/2 BPSK DFT-s-OFDM should consider:
· PAPR;
· Channel estimation considering frequency domain fluctuation;
· Cross correlation
· Orthogonality of sequences
Proposal 4: CSI-RS enhancement for PAPR reduction is not necessary in Rel-16 and should not be discussed again after the first meeting according to the scope of WID.
Proposal 5: Power imbalance is out of scope for Rel-16 MIMO WID.

References
[bookmark: _Ref494539275][bookmark: _Ref485409417][bookmark: _Ref506295772][bookmark: _Ref520721334]Samsung, “WI Proposal on NR MIMO Enhancements”, RP-181453, La Jolla, USA, June 11th – 14th, 2018.
3GPP, “RAN1#94bis Meeting Chairman’s Notes”, Chengdu, China, October 8th - 12th, 2018.
3GPP TS 38.211: "NR; Physical channels and modulation," v15.2.0, June 2018.
[bookmark: _Ref525639105]Ericsson, “On PAPR issue for CSI-RS”, R1-1809212, Goteborg, Sweden, August 20th -24th, 2018.
Motorola, “EUTRA SC-FDMA Uplink Pilot/Reference Signal Design & TP”, R1-061722, Cannes, France, June 27th– 30th, 2006.
Huawei, HiSilicon, “Design of UL DMRS sequence for data transmission”, R1-1720635, RAN1#91, Nov, 2017
Qualcomm, “Lower PAPR reference signals”, R1-1811280, Chengdu, China, October 8th - 12th, 2018.
Huawei, HiSilicon, “Discussion on CSI-RS enhancement”, R1-1813707, RAN1#95, November 12th – 16th, 2018

oleObject2.bin

oleObject3.bin

image2.png
———CGS 011001010000
15
0
o 2 4 O O 10
Subcarrier index
2
——— CGS 010100110000
15
2
g
H
05
2 4 5 O 10
Subcarrier index
2
——— CGS 011010001000
15
2 4 © B 10

Subcarrier index





image3.png
08

08

04

0z

if((Seq."h)."coni(Seq)), length(Sed) = 12

——NR RIS sequence

Sequence #0in R1-1811280

08

08

04

0z

500

1000

1500 2000

if((Seq. ). "conj(Se), lengin(Seq) = 12

Z500

——NRR1S sequence

Sequence #2 in R1-1811280

500

1000

1500 2000

Z500




image1.wmf
l


oleObject1.bin

