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1. Introduction
The work item on NR MIMO enhancement has been approved in RAN#80 [1]. The enhancement for NR MIMO has the following objective:
· 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)
The following agreements were made in the RAN1#94bis meeting [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 contribution, we share our views on the PAPR issue for DMRS and CSI-RS.
2. Discussion on DMRS PAPR issue
In Rel-15 spec [2], two DMRS types namely Type1 and Type2 DMRS are specified as shown in Figure.1.
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                                           TYPE1 DMRS                                                   TYPE2 DMRS
Figure.1 Rel-15 DMRS types
For the DM-RS of CP-OFDM waveform, the sequence 
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 is generated as for both UL and DL,
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And the pseudo-random sequence 
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And the sequence is mapped to physical resources according to: 
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For Type 1 DMRS, a comb-2 structure with 2 CDM groups is used. And for Type 2, a comb-3 structure with 3 CDM groups is used. Identical sequence generated for different ports within a symbol causes the high PAPR issue when DMRS ports assigned to a certain UE are from different CDM groups. In last meeting, it was agreed to introduce CDM-group specific sequence generation method in Rel-16 to make DMRS PAPR equal to that of PDSCH. 
Based on the agreed WA on DMRS PAPR enhancement, each CDM group can be configured with different [image: image12.png]


. This can introduce time domain randomness for PAPR reduction.
For Type 1 DMRS, different  [image: image14.png]


 can be used for the ports in CDM group 0 and CDM group 1 respectively. In Rel-15, [image: image16.png]


 is configured per UE in the DM-RS sequence initialization field (1bits) in the DCI 0-1 for the UL or DCI 1-1 for the DL.  For the enhancement, this DCI field can be used to indicate the [image: image17.png]


combination of [image: image20.png]


 CDM group 0 and CDM group 1, and the  for each CDM group can be generated according to its own [image: image22.png]


 value indicated in the combination as shown in Table.1 below. 
Table.1 1-bit DCI indication of the combination of CDM group {0,1}
	Value DCI bits
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 for CDM group0
	[image: image26.png]


 for CDM group1 

	0
	0
	1

	1
	1
	0


Several issues need to be considered further for the detailed design.
1. Whether it is also needed to support the CDM combinations for Rel-15 (identical [image: image28.png]


 for two CDM groups) in Rel-16?  To also support the Rel-15 combinations can enable the network to flexibly configure the UE to have the same configuration with legacy UEs or not.
2. For multi-TRP scenarios, different CDM groups are related to different TRPs with different QCL. Considering the support of the flexible TRP selection, network can flexibly schedule the appropriate ports within a CDM group or across multiple CDM groups to a certain UE by assigning the appropriate [image: image30.png]


 combinations of the CDM groups. 
3. For MU-MIMO pairing, different ports within a CDM group can be flexibly allocated to co-scheduled UEs. Whether the orthogonality between UEs can be maintained or not can be achieved by flexibly schedule the same or different [image: image32.png]


 within a CDM group.
4. Considering the backward compatibility, Rel-15 UE and Rel-16 UE can be configured in the same CDM group. The [image: image33.png]


 combinations configured for different UEs can be either the same or different. But in this case, it can be realized only with scheduling limitations. For example, for Rel-16 UE configured with different [image: image34.png]


combination {0, 1} for CDM group {0, 1}, Rel-15 UE configured with [image: image35.png]


=0 can be co-scheduled in the CDM group 0 to maintain the orthogonality, if it is scheduled in CDM group 1, the orthogonality of the ports cannot be maintained, and Rel-15 UE cannot be co-scheduled to multiple CDM groups  with Rel-16 UEs.
5. Total number of [image: image37.png]


 configured per UE is unchanged, the maximum number is 80*14*2=2240, which is the same as that of Rel-15
For Type2 DMRS, port allocations are different between UL and DL. For uplink, up to 2CDM groups can be allocated simultaneously (RANK<=4), which can be CDM group {0,1} or CDM group {1,2}.  For downlink, most DMRS port allocations occupy two CDM groups at most, but there are two cases occupy 3 CDM groups for both 1symbol DMRS and 2symbol DMRS, which are given below in Table.2. 
                                  Table.2    DMRS port allocation cases for 3 CDM-group occupation
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-4

	1
	3
	0-5


So for both UL and DL, the method of the generation of the [image: image39.png]


 for CDM group 2 can be considered either the same or different with the generation of the [image: image41.png]


 for CDM group 0 and 1.In the WA of last meeting, it is suggested to consider the CDM group index to differentiate the [image: image43.png]


  for different CDM groups. 

For Type 2 DMRS, several issues also need to be considered. 

1. Whether it is also needed to support the CDM combinations for Rel-15 (identical [image: image45.png]


 for three CDM groups) in Rel-16? To also support the Rel-15 combinations can enable the network to flexibly configure the UE whether to have the same configuration with legacy UEs or not.
2. For multi-TRP scenarios, different CDM groups are related to different TRPs with different QCL. Considering the support of the flexible TRP selection, network can flexibly schedule the appropriate ports within a CDM group or across multiple CDM groups to a certain UE by assigning the appropriate [image: image47.png]


 combinations of the CDM groups. 
3. For MU-MIMO pairing, different ports within a CDM group can be flexibly allocated to co-scheduled UEs. Whether the orthogonality between UEs can be maintained or not can be achieved by flexibly schedule the same or different [image: image49.png]


 within a CDM group.
4. Considering the backward compatibility, Rel-15 UE and Rel-16 UE can be configured in the same CDM group. For Type 2 DMRS, it can also be realized but with RANK limitations similar to Type 1 DMRS. 
5. The total number of [image: image51.png]


 configured per UE is preferably unchanged as some UE vendors may generate all possible sequences and store them in the memory.  The maximum number in Rel-15 is 80*14*2=2240.
Proposal 1: Also support the CDM combinations for Rel-15 for Type 1 and Type 2DMRS in Rel-16 sequence generation design.
Proposal 2: The allocation of [image: image53.png]


 for different CDM groups can be different for different UEs to achieve the flexibility of TRP selection and MU-MIMO pairing.
3. Discussion on CSI-RS PAPR issue
For the CSI-RS specified in Rel-15 spec [2], the sequence 
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 is generated as for both UL and DL,
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And the pseudo-random sequence 
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is initialized with 
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And the sequence is mapped to physical resources according to:
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A PAPR issue is similar to the case of DMRS for precoded CSI-RS because the same PN sequence values are mapped to different CDM-Groups. When precoded CSI-RS is used, the PAPR issue would occur when ports from different CDM components are multiplexed through the same PA. For the case of precoded CSI-RS, there can be potentially 6 CDM components within one symbol of a PRB. And same PAPR issue occurs for the multi-symbol configurations. Since the different polarized antennas are usually precoded separately, half of the ports would be multiplexed through the same PA for two polarizations array. When multiplexed with data, the data of each layer would be transmitted through all antennas, and this will help to reduce the PAPR/CM of the CSI-RS. So the worst case for a precoded CSI-RS is 12 ports CSI-RS consisting of 6 CDM components in the same symbol, thus 6ports of 3CDM components shall be multiplexed through the same PA for each antenna.
In [6], evaluations on CSI-RS were provided in last meeting and enhancement on this was suggested. The CCDFs of the PAPR for 8 and 12 ports CSI-RS are shown as Fig.1 below.
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                     Figure 1.  PAPR performance of the different mapping methods of 8/12 ports CSI-RS

So we still suggest this CSI-RS PAPR issue should be enhanced in Rel-16.
Proposal 3: 

Enhancement on the current CSI-RS mapping scheme should also be considered to improve the PAPR performance.
To solve this PAPR issue from the sequence generation perspective, similar to DMRS, one solution is also CDM group specific sequence generation method, which can solve the problem by introducing time domain randomness. 
Anyway, considering backward compatibility, it is hard for the gNB to perform resource sharing between Rel-15 UE and Rel-16 UE, so the system overhead may increase as a cost to solve this issue.
Proposal 4:

CDM group specific sequence generation method similar to DMRS is suggested for the high PAPR issue for CSI-RS.
4. Conclusions

In this contribution we give our views on the high PAPR issue  for both DMRS and CSI-RS.
For DMRS PAPR issue:
Proposal 1: Also support the CDM combinations for Rel-15 for Type 1 and Type 2 DMRS in Rel-16 sequence generation design.

Proposal 2: The allocation of [image: image62.png]


 for different CDM groups can be different for different UEs to achieve the flexibility of TRP selection and MU-MIMO pairing.

For CSI-RS PAPR issue:
Proposal 3: 

Enhancement on the current CSI-RS mapping scheme should also be considered to improve the PAPR performance.
Proposal 4:

CDM group specific sequence generation method similar to DMRS is suggested for the high PAPR issue for CSI-RS.
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