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Introduction
In RAN1-94b meeting [1], it reached working assumption: 
Working Assumption
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]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

We review the working assumption and provide our views on PAPR of CP-OFDM DMRS and CSI-RS and also discuus power imbalance issue.
DMRS PAPR
To avoid high PAPR, working assumption for CP-OFDM DMRS Type 1 is:
· 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. 
In the below, we denote cinit(nSCID=k) the value of cinit in 38.211 formula (section 6.4.1.1.1.1 and section 7.4.1.1.1.1) when nSCID is set to k.
We note nSCID was intended for other purpose. For example, one use case is to support DPS (dynamic point selection). So instead of a fix scheme that CDM group k uses cinit(nSCID=k), k=0,1, we can toggle the nSCID in the formula according to DMRS sequence initialization field in DCI. Table 2.1 shows this details.
	Table 2.1 cinit setting for CDM group and DCI. 

		CDM group
	DCI=0
	DCI=1

	0
	cinit(nSCID=0)
	cinit(nSCID=1)

	1
	cinit(nSCID=1)
	cinit(nSCID=0)




	[bookmark: OLE_LINK1][bookmark: OLE_LINK6]DCI is the 1-bit “DMRS sequence initialization” field in DCI format 0_1/1_1



This will allow sequence being dynamically selected by DCI and use different cinit in two CDM groups (therefore, lower PAPR); Rel-15 UE can be co-scheduled in either CDM group with proper setting of nSCID (DCI controlled), assuming ports are within one CDM group. 
Proposal 1: Clarify working assumption of sequence initialization for CP-OFDM Type 1 DMRS 

For CP-OFDM Type 2 DMRS, there are 3 CDM groups so solution based on 1-bit nSCID cannot apply directly. To come up with a group dependent cinit value, we should consider following factors
1. Backward compatibility: 
a. When Rel-15 UEs and Rel-16 UEs are co-scheduled in MU in the same CDM group, the orthogonality is retained between DMRS ports. In other words, they need to share the same cinit.
b. Maximize the number of CDM groups that can be for co-scheduling Rel-15 UEs.
2. Cross-correlation property: the modified cinit has similar (partial) cross-correlation property as in Rel-15.
The backward compatibility concern greatly reduces the possible form of a new formula so we should extend the Rel-15 cinit formula in a certain way that Rel-15 cinit is a special case when some parameters are fixed to constants.
The following is a possible way to do this. Denote  and  as the sequence initialization for Rel-15 and Rel-16, respectively. We can write 

[bookmark: _GoBack]where  is 2-bit value of CDM group index for the associated port p, which is in  for Type 1 and in  for Type 2. Operator  is bitwise XOR. x[i:j] stands for bits from location i to j if x where index 0 is the LSB. 
It can be checked that for CDM group 0 and 1, one can get  by properly set  for Rel-15 UE, assuming they use ports within one CDM group. Furthermore, this is consistent with Table 2.1 for Type 1, so the two types can be stated in a unified way.
Proposal 2: For PDSCH/PUSCH, derive cinit based on CDM group index for both Type 1 and Type 2 DMRS.
CSI-RS PAPR
Since the cause of PAPR issue is due to summing similar signal from different CDM groups and the number of CDM groups can be up to 6 for CSI-RS, as a result, CSI-RS could potentially have severe PAPR problem for some CSI-RS configurations. In our view, this should be resolved in Rel-16. 
A similar solution for group-specific sequence initialization as mentioned in section 2 should be a simple approach to resolve the issue, which treats Rel-15 UEs with a special configuration setting.
Proposal 3: CSI-RS higher PAPR issue should be resolved in Rel-16.
Proposal 4: Consider group-specific sequence initialization for CSI-RS to resolve PAPR issue.

Power imbalance
The existing power imbalance issues (between OFDM symbols and between RE in same OFDM symbol) increase signal dynamic range unnecessarily. On transmitter side, it decreases PA efficiency and could also has side effect on OOB spectrum emission (see [2]). On receiver side, large symbol-to-symbol power imbalance could also complicate AGC design. Therefore, we think it need to be fixed in Rel-16.
One approach is to apply a port-specific phase (e.g. pseudo-random phase) on each DMRS port. This can be done by an implementation-based solution, i.e., transmitter apply phase rotation on the transmitted signal and is transparent to receiver, or it can be explicitly specified in the specification. If we go with implementation-based solution in RAN1, then a downlink waveform with power imbalance is still an allowed waveform and UE receiver might still be expected to handle such a waveform. To avoid handling such cases, then it should be clarified that a UE is not expected to handle waveforms with power imbalance. 
We think RAN1 should notify RAN4 for the power imbalance issue and pursue further discussion based on RAN4’s feedback.
Proposal 5: RAN1 notifies RAN4 for the power imbalance issue.
Conclusions
Proposal 1: Clarify working assumption of sequence initialization for CP-OFDM Type 1 DMRS 
Proposal 2: For PDSCH/PUSCH, derive cinit based on CDM group index for both Type 1 and Type 2 DMRS.
Proposal 3: CSI-RS higher PAPR issue should be resolved in Rel-16.
Proposal 4: Consider group-specific sequence initialization for CSI-RS to resolve PAPR issue.
Proposal 5: RAN1 notifies RAN4 for the power imbalance issue.
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