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Introduction
In the WID on enhancements on MIMO [1], one of the objectives is to conclude on the peak-to-average power ratio (PAPR) issue related to the Rel-15 mapping of DMRS for PDSCH/PUSCH in CP-OFDM and CSI-RS. 
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)
In the previous meeting a working assumption was made on DMRS PAPR reduction and in this contribution we discuss the remaining details to specify this. Moreover, the working assumption contains a plan to address the PAPR reduction for CSI-RS and the PAPR issue, which will be discussed in this contribution as well.
.   
Details of PAPR solution for DMRS type I with CP-OFDM
For DMRS type I with CP-OFDM, the working assumption at RAN1#94b contains (where type II has been removed in the copied text below):
· 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
· 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
· 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

It is observed that the cinit  is given by 

And for nSCID=0,1 we have the two seeds A and B as


To be used by the ports in the two CDM groups respectively. If the nSCID  signaled in DCI 1_1 and 0_1  is used to select which seed A or B to map to which CDM group, then multi-TRP can be supported as in Table 1.
Table 1 Combinations for multi TRP scheduling
	
	TRP # 1 (Rel-16)
	TRP # 2 (Rel-16)
	TRP # 2 (Rel-15)

	
	
	
	
	
	
	

	CDM group λ=0
	A
	B
	B’
	A
	A
	B’

	CDM group λ=1
	B
	A
	A
	B’
	A
	B’



In Table 1, TRP#1 schedules SU or MU-MIMO and if one CDM group is used, then the Rel-15 behavior is obtained for CDM group λ=1 as the nSCID selects A or B respectively. For CDM group λ=1, indicating nSCID=0 in DCI implies that the actual used nSCID=1.
In TRP#2, the same seed A can be configured as in TRP#1, while the second seed can be completely different (different ) compared to TRP#1 denoted B’.  Now interference randomization can be achieved by selecting nSCID=0  in the two TRPs respectively. Alternatively, the UE served by TRP#1 can be scheduled by TRP#2 and share ports with TRP#2 users in the same CDM group by using one of the CDM groups and by indicating nSCID=0 or 1 depending in the used CDM group (i.e. use seed A which is common in the two CDM groups). 
If the served user in the other TRP is a Rel-15 UE, then only a single CDM group can be scheduled to this UE (to avoid PAPR problems), but the same principles of using nSCID to either be an orthogonal or randomized neighbor. 
Hence, the proposal is
[bookmark: _Toc528244746]For DMRS type 1 for PDSCH and PUSCH with CP-OFDM, the DCI indicates  denoted as  and the DMRS sequence is generated using  using Rel-15 expression where for CDM group λ= 0   is used and for CDM group λ= 1,  is used in  expression. 

It is noted that when scheduled from DCI formats 0_0 and 1_0, the value  is used and the DMRS ports in CDM group  λ=0 is used, which means the same seed (A) is used for a Rel.16 and a Rel.15 terminal, hence backward compatibility is obtained with the proposal above. 
Details of PAPR solution for DMRS type II with CP-OFDM
For DMRS type II with CP-OFDM, the working assumption at RAN1#94b contains (where type I has been removed in the copied text below):
· 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
· Introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· 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

Hence, for type II, the possible set of solutions are somewhat larger than for Type I. Each CDM group can be configured with a different  in order to reduce PAPR. Note that for rank 5 and 6 transmission with a single OFDM symbol for DL, all three CDM groups are used to the same UE and a very high PAPR increase occurs, hence different seeds per CDM group is necessary at least for DL SU-MIMO. Possible solutions are at least
1. Increase the number of RRC configured  to three, with 
2. Re-use the two RRC configured  and  and modify  expression to be dependent on the CDM group λ
3. Re-use the two RRC configured  and  and re-use  expression from Rel-15

The first option gives the maximal flexibility for multi-TRP scheduling and MU-MIMO and is an extension of Rel-15 design and implies changes in RRC and DCI, which may be unnecessary. 
The second option requires a new design of  and the third option requires minimal specification effort. We explore the third option below since it has the least impact.
It is again observed that the cinit  is given by 

And for nSCID=0,1 and the two we can actually generate four seeds A, B, C, D as




If care is taken when configuring  to avoid that e.g. A=D.  Similar to the Type I solution in previous section, by using a combination of nSCID  and CDM group λ we can create a rule on which seed to use in each of the three CDM groups respectively.
If the nSCID  signaled in DCI 1_1 and 0_1  is used to select which seed maps to which CDM group, then multi-TRP can be supported as in Table 1.
Table 1 Combinations for multi TRP scheduling
	
	TRP # 1 (Rel-16)
	TRP # 2 (Rel-16)
	TRP # 2 (Rel-15)

	
	
	
	
	
	
	

	CDM group λ=0
	A
	B
	B’
	A
	A
	B’

	CDM group λ=1
	B
	A
	A
	B’
	A
	B’

	CDM group λ=2
	C
	D
	D’
	C
	A
	B’



For UL SU-MIMO, the scheme is equivalent to the Type I solution. For DL, this scheme has one slight drawback, when using CDM group λ=2 (MU-MIMO case or rank 5,6 SU-MIMO case for DL), then we cannot switch the TRP and perform MU-MIMO with a Rel.15 UE from that TRP since that UE can only be configured with A or B. However, this is a corner case for the case the Rel-15 UE switches between SU-MIMO and MU-MIMO dynamically and the load is so high that CDM group λ=2 must be used. 
[bookmark: _Toc528244747]For DMRS type 2 for PDSCH and PUSCH with CP-OFDM, the DCI indicates  denoted as  and the DMRS sequence is generated by  for CDM group λ= 0 and,  for CDM group λ= 1 using the Rel-15  expression. For CDM group λ= 2, if  then  is used but  is used in the Rel-15  expression and if  then  is used but  is used in the Rel-15  expression
On PAPR for CSI-RS
The reason why there is a PAPR issue for CSI-RS is due to two conditions, simultaneously occurring:
· The RS sequence to resource mapping gives a repetitive symbol structure in the frequency domain
· Multiple CDM groups belonging to the same CSI-RS resource are transmitted through the same power amplifier (PA), i.e. beamformed or cell shaped CSI-RS.
The figures below shows that when two or more CDM groups are transmitted through the same PA then the sequence across subcarriers (scalar multiplication due to MIMO precoder excluded) are {r(0),r(0),r(1),r(1),…) for CSI-RS, the repetition factor can be larger leading to a high PAPR increase. 
[image: ]
Figure 0. Illustrating sequence to subcarrier mapping for CSI-RS, within one OFDM symbol
For CSI-RS, a precoding matrix different from the identity matrix is used in case CSI-RS is precoded, which occurs for beamformed CSI-RS, cell shaping and in reciprocity-based operation where a CSI-RS precoder is dynamically determined by SRS measurements. The CSI-RS measurements in this case is to obtain accurate link adaptation taking into account interference in the reciprocity case. So PAPR increase is unavoidable unless a single CDM group is used or ports from multiple different CDM groups are not precoded in such a way that they are mixed through the same PA. 
One should also observe that if only a subset of ports are transmitted through the same PA, then there will be “empty” RE in the resource grid transmitted. The power of these RE are thus transferred to the REs leading to a possible power boost of the ports to extend coverage.
The important of PAPR reduction to the same level as data symbols for DL transmission is further elaborated in [2].
Evaluation on PAPR for symbols containing CSI-RS 
When a CSI-RS resource with multiple CDM groups in the same OFDM symbol is beamformed/precoded, as in cell shaping or in reciprocity-based operation (where precoder is determined by SRS measurements), then there are cases where multiple CSI-RS ports is transmitted through one of the same PA. 
Simulation results for PAPR CCDF are shown in Figure 2 where up to 6.2 dB in PAPR (and up to 8.4 dB in CM) increase relative to PDSCH PAPR/CM (Rayleigh amplitude distribution) measured at the commonly used RAN4 threshold of 99,99% percentile. In these results, both a “non-full” and a “full” precoder have been used; the scenarios with 4, 6 or 12 ports being multiplexed to same PA for the CSI-RS locations within a slot given by CSI-RS configurations using Row 6 and Row 9 in Table 7.4.1.5.3-1 in TS38.211. 
The scenarios with 4 ports (row 6) and 6 ports (row 9) represent precoding of 4 or 6 ports per antenna polarization. In the CCDF referring to FDM with data (in non-active CDM groups), the power from zero-power CDM groups (are used to power boost the transmitted CSI-RS. Without this power boosting, it can be shown that the PAPR will be reduced with around 0.4 dB compared to what is shown below, hence there is still a remaining PAPR increase relative to data symbols.

[image: ]
[bookmark: _Ref521427228]Figure 1: PAPR and CM comparisons corresponding to CSI-RS configuration Row 6 with 4 ports per PA and polarization, w/wo FDM with data, and Row 9 with 6 or 12 ports per PA.

If the PAPR for symbols containing CSI-RS and symbols containing PDSCH ought to be the same, then cell shaping and beamforming is not possible using CSI-RS resources with 8 ports or more.  These restrictions may have serious implications on future creative deployments of NR and unless this problem is resolved in Rel.16 the issue will remain for the whole lifespan of 5G.
The CSI-RS configurations that have PAPR issue are those that use multiple CDM groups:
· The four port CSI-RS configuration that uses two CDM groups (row 4 in Table 7.4.1.5.3-1 in 38.211) 
· The 8,12,16,24 and 32 port CSI-RS configurations all use two, three or four CDM groups (rows 6-18 in Table 7.4.1.5.3-1 in 38.211) all have PAPR issue
As discussed in Section 2, implementation of the port to antenna mapping can avoid PAPR issue by never mixing two CDM groups in the same PA. However, this leads to deployment restrictions and is unfortunate. 
Certain implementations of port to antenna mapping can avoid CSI-RS PAPR issue at the cost of restriction in flexibility in precoded CSI-RS for e.g. cell shaping, reciprocity based operation, use of co-polarized antenna arrays etc.
Hence, a Rel.16 enhancement of CSI-RS to reduce PAPR to “normal” level irrespectively for CSI-RS configuration is crucial for unrestricted support of new deployments. 
The benefits are:
· It enables precoded CSI-RS for arbitrary port to antenna configuration. Each CSI-RS port can achieve the full array gain (port is mapped to all antennas).
· It enables FDM between CSI-RS and PDSCH without the risk of clipping PDSCH reduces overhead and thus increased spectral efficiency
· It fully enables the use if precoded CSI-RS without any restrictions in configuration or port to antenna mapping implementation. Precoded CSI-RS is beneficial for:
· DL reciprocity based operation (after UL SRS measurement, or Type II CSI feedback, the gNB precodes CSI-RS resource)
· Cell shaping, which is a very important deployment feature for NR 
· Cell shaping also for co-polarized antenna is supported (for even large coverage) 
· Beamformed CSI-RS with large number of ports per beam (e.g. vertical beamforming with 8,12  or 16 ports/beam)

If a Rel-16 CSI-RS is specified, there will for some time be a mix of Rel-15 and Rel-16 UEs served by the cell. In this case, two different CSI-RS resources needs to be configured and there was concerns in RAN1#94bis on the additional overhead. 

A Rel.15 UE then needs to be configured with a CSI-RS resource without PAPR issue (e.g. a cell shaped 4 port resource), while the Rel.16 UE can be configured with an arbitrary CSI-RS resource (e.g. a cell shaped 16 port resource). Hence, the performance of the Rel.16 UE is expected to be higher as it can utilize the spatial character of the channel in more detail.

The overhead should not be a concern for Aperiodically triggered CSI-RS since it’s on demand anyway. For periodically transmitted CSI-RS, typically a 20 ms periodicity is configured and hence the overhead increase by adding the Rel.16 CSI-RS is 0.1%-0.4% depending on number of ports. The benefits of the full flexibility of the enhanced Rel.16 CSI-RS is likely significantly larger than the at most 0.4% overhead increase.

[bookmark: _Toc528244748]For a CSI-RS resource with multiple CDM groups, conclude that there is an issue with high PAPR and that specification-based enhancements are necessary in Rel.16
To alleviate the concerns on overhead, it is observed that CDM groups that are transmitted though different PA can actually use the same sequence, and thus can be used by both Rel-15 and Rel-16 terminals, without PAPR issue. It is only when two or more CDM groups are transmitted through the same PA that a different sequence must be selected for all but one of these CDM groups. Hence, it is useful for a Rel-16 solution if the new sequence can be configured per CDM group basis, where the default is to use the Rel-15 sequence. This means that the network can maximally re-use CSI-RS resources between Rel-15 and Rel-16 UEs.
As an example, assume 8 CSI-RS ports using 4 CDM groups (row 6 in the CSI-RS table). Further assume that port 0-3 is transmitted through PA1 and port 4-7 through PA2, i.e. the different polarization are transmitted through different PA. It means that the Rel-15 UE can be configured a 4 port CSI-RS resource using the 1st and 3rd CDM group (by using row 4) and the Rel-16 UE is configured with all 4 CDM groups. The sequence used for 1st and 3rd CDM groups are the same (different PA), while CDM group 2 and 4 use new Rel-16 sequences. 
See Figure 2 below, where CDM groups k_1 and k_3 for Rel.16 UE will use new sequences since k_0 and k_1 are transmitted through the same PA (as is k_2 and k_3). It also means that Rel.15 UE will measure a CSI-RS resource with 4 ports and a Rel.16 UE with 8 ports, which is a consequence of the faulty design of CSI-RS sequence mapping. 
[image: ]
Figure 2 One possibility to reduce overhead by sharing CSI-RS CDM groups between Rel.16 and Rel.15 UEs
Hence, the proposal is
[bookmark: _Toc528244749]For Rel.16 CSI-RS resource configuration, the sequence to use per CDM group is individually controlled per group to be either the same as the Rel.15 sequence or a sequence defined for Rel.16.
Example of such specification-based enhancement can be found in [3].
On the π/2 BPSK issue
The working assumption made on PAPR reduction at RAN1#94b also contains the following
· 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

To reduce PAPR of the Rel.15 PUSCH/PUCCH DMRS to be similar to, or less than, PAPR of DFT-spread  BPSK modulated data one may consider DFT-spread DMRS with  BPSK modulated symbols, as was proposed in [4]. Given that data and DMRS would then generate similar waveforms, one can expect DMRS and data to have similar PAPR. However, by selecting a subset from all possible  BPSK sequences that can occur for data one could, in principle, select DMRS sequences such that most of the sequences have PAPR lower than those for data. 
Hence, with DFT-spread  BPSK modulated DMRS, generating bit sequences that results in PAPR less or equal to e.g. the 99.99% percentile of a data PAPR CCDF may not be that hard. When selecting bit sequences for DFT-spread  BPSK DMRS, one can avoid a few outliers with respect to relatively poor PAPR/CM and then the design focus can be on searching for DMRS sequences with relatively flat amplitude responses and low cross-correlations.
The WID on enhancements on MIMO [1] states “no change on RE mapping specified in Rel-15” which means that DMRS type 1 mapping shall be used also to new DMRS for DFT-spread  BPSK modulated data. Mapping DFT-spread DMRS to a comb-2 structure can be achieved by applying block-spreading, either [+1, +1] or [+1, -1], to a  BPSK modulated DMRS sequence.
[bookmark: _GoBack]It can be observed [5] that DFT-spread  /2-BPSK DMRS can have relatively large amplitude variations in frequency domain, and that some  /2-BPSK sequences results in comb-subcarriers with zero-power, which can impact the channel estimation quality negatively. These amplitude variations in frequency domain can be difficult to avoid but it should be possible to select sequences that results in comb-subcarriers with non-zero power.
· Selected  /2-BPSK DMRS sequences should result in DFT-spread sequences that have non-zero power at the subcarriers associated with the selected comb.
The overall cross-correlations of  DMRS may not be worse than what can be observed with Rel.15 DMRS for the DFTS waveform [5]. This concludes that
· It should be possible to select sets of  DMRS sequences with cross-correlation properties similar to the Rel.15 DMRS used in conjunction with DFT-spread  /2-BPSK modulated data.
Conclusion
Based on the discussion, we summarize these proposals to be agreed upon in RAN1#95
Proposal 1	For DMRS type 1 for PDSCH and PUSCH with CP-OFDM, the DCI indicates  denoted as  and the DMRS sequence is generated using  using Rel-15 expression where for CDM group λ= 0   is used and for CDM group λ= 1,  is used in  expression.
Proposal 2	For DMRS type 2 for PDSCH and PUSCH with CP-OFDM, the DCI indicates  denoted as  and the DMRS sequence is generated by  for CDM group λ= 0 and,  for CDM group λ= 1 using the Rel-15  expression. For CDM group λ= 2, if  then  is used but  is used in the Rel-15  expression and if  then  is used but  is used in the Rel-15  expression
Proposal 3	For a CSI-RS resource with multiple CDM groups, conclude that there is an issue with high PAPR and that specification-based enhancements are necessary in Rel.16
Proposal 4	For Rel.16 CSI-RS resource configuration, the sequence to use per CDM group is individually controlled per group to be either the same as the Rel.15 sequence or a sequence defined for Rel.16.
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