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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN #94bis meeting, the following working assumption is achieved on low PAPR RS [1].
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 new submission contribution, we share our views on DMRS PAPR and power imbalance issues.
1. Discussion on DMRS PAPR issue
In current NR Rel-15 specification TS 38.211, identical DMRS sequence is generated for different antenna ports within a symbol, and same DMRS modulation symbols are mapped to different CDM groups. For particular DMRS ports and precoders combination, the DMRS sequence generation and DMRS resource mapping scheme will cause about 2dB PAPR loss for DMRS symbol comparing to data symbol for each antenna.
To resolve above DMRS PAPR issue, a few solutions are proposed, e.g. CDM specific sequence generation, subcarrier specific sequence generation, modification of OCC mapping rule and modification of DMRS port mapping. Among all these solutions, it seems CDM specific sequence generation is a proper way to solve this issue, as minimal specification work is needed.
In previous RAN1 meeting, it was agreed maximum 2 DMRS scrambling value can be configured by higher layer, and one of them shall be indicated by DMRS sequence initialization field carried by DL or UL grant. Unfortunately, the field size is only 1 bit. 1 bit size may be fine for DMRS configuration type 1 to indicate different DMRS scrambling IDs for different CDM groups, but it may not be enough to indicate different scrambling IDs for DMRS configuration type 2. For DMRS configuration type 1, if DMRS sequence initialization filed value is ‘0’, the first CDM group’s DMRS scrambling ID is ‘0’ and the second CDM group’s DMRS scrambling ID is ‘1’, and vice versa for the case of DMRS sequence initialization filed value is ‘1’. However, for DMRS configuration type 2, as there are maximum 3 CDM groups, it is impossible to modify RRC configuration or introduce new DCI field size due to specification timeline. Furthermore, for DMRS configuration type 2, only 1-symbol DMRS and SU-MIMO scheduling rank 5 or 6 in downlink transmission actually occupies 3 CDM groups as shown in Table 1. Therefore, it seems there is no need to additionally introduce DMRS scrambling value and extend DMRS scrambling field size.
Table1. Antenna ports with PARP issues for DMRS configuration type2 and 3 CDM groups
	Two codewords:Codeword 0 enabled,Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	3
	0-4

	1
	3
	0-5


According to our understanding, for DMRS configuration type 2, the following two alternatives can be considered to reduce PAPR,
· Alt1: The two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in the first of the two CDM groups, respectively. The nSCID of third CDM group is same as the first or second CDM group.
· Alt2: One of the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) of the three CDM groups. The equation of cinit is modified as below, where g is implicitly derived by CDM group id 0, 1 or 2.


Based on above two alternatives, for downlink SU-MIMO rank 6 transmissions, different solutions are simulated as depicted in figure 1 and 2, and the simulation assumption is in appendix I. In figure 1, a fixed precoder is used for DMRS and data. While in figure 2, precoder adaptation is used for DMRS and data based CSI feedback. From the simulation results, for DMRS configuration type 2, same PAPR performance can be achieved even applying 2 DMRS scrambling ID.
[image: ][image: ]
           Figure1. PAPR CCDF for fixed precoder.                 Figure2. PAPR CCDF for precoder adaptation.
Observation 1:
· For DMRS configuration type 2 and DMRS port 0-5 transmission,
· The PAPR performance between DMRS with DMRS scrambling ID {0, 1, 2} and data are same.
· There is about 0.8 dB PAPR performance loss at 10^(-3) between DMRS with DMRS scrambling ID {0, 1, 0} and data.
· The PAPR performance between DMRS with DMRS scrambling ID {0, 1, 1} and data are same.
According to above discussions and simulations, Alt1 is preferred, as same PAPR performance can be achieved and less specification work is needed.
Proposal 1:
· For DMRS configuration type 2, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in the first of the two CDM groups, respectively. The nSCID of third CDM group is same as the second CDM group.
In addition to DMRS scrambling ID determination problem, the mapping between different DMRS scrambling IDs and CDM groups also should be further clarified, e.g. for DMRS configuration 1 with DMRS ports 2, 3 and number of DMRS CDM groups without data is 2, when DMRS sequence initialization field value is ‘0’, whether DMRS scrambling ID 0 or 1 shall be used. One solution is fixed mapping between different DMRS scrambling IDs and CDM groups, unrelated with the actual transmission ports, e.g. for DMRS configuration 1 with DMRS ports 2, 3 and number of DMRS CDM groups without data is 2, when DMRS sequence initialization field value is ‘0’, DMRS scrambling ID 0 always corresponding to CDM group 0 and DMRS scrambling ID 1 always corresponding to CDM group 1, DMRS scrambling ID 1 shall be used. This solution is simple, but it still has PAPR issue for some cases if linked to above proposal. The other solution is associated different DMRS scrambling IDs and CDM groups based on actual transmission ports, e.g. for DMRS configuration 1 with DMRS ports 2, 3 and number of DMRS CDM groups without data is 2, when DMRS sequence initialization field value is ‘0’, DMRS scrambling ID 0 shall be used. There is no PAPR issue for this solution if linked to above proposal. For MU-MIMO transmission, it is up to gNB implementation to indicate different DMRS scrambling IDs for different users in different CDM groups.
Proposal 2:
· [bookmark: _GoBack]For linkage between nSCID and CDM group,
·  if  nSCID = 0,
· if the number of DMRS CDM group(s) without data is 1, the configured nSCID=0 shall be used.
· if the number of DMRS CDM group(s) without data is 2, the configured nSCID=0 shall be used for the first CDM group, nSCID=1 shall be used for the second CDM group.
· if the number of DMRS CDM group(s) without data is 3, the configured nSCID=0 shall be used for the first CDM group, nSCID=1 shall be used for the second and third CDM groups.
· if  nSCID = 1,
· if the number of DMRS CDM group(s) without data is 1, the configured nSCID=1 shall be used.
· if the number of DMRS CDM group(s) without data is 2, the configured nSCID=1 shall be used for the first CDM group, nSCID=0 shall be used for the second CDM group.
· if the number of DMRS CDM group(s) without data is 3, the configured nSCID=1 shall be used for the first CDM group, nSCID=0 shall be used for the second and third CDM groups.
1. Discussion on power imbalance issue
Due to above mentioned DMRS sequence generation rules, zero power DMRS modulation symbols shall be generated for particular DMRS antenna ports combination and precoders for double symbol DMRS, which will cause DMRS antenna ports power imbalance issue. For DMRS configuration type 1, an example of DMRS antenna ports combination (0, 4) transmission with precoder  after precoding is shown as below figure 3 and 4, which shall lead to DMRS antenna ports 0 and 4 with zero power in the first and the second DMRS symbol respectively. 
[image: ]
Figure3. DMRS sequence generation
[image: ]
Figure4. DMRS resource mapping after precoding
From the perspective of UE implementation, power imbalance issue is more severe for uplink. Power imbalance between adjacent DMRS symbols may cause power ramping and phase continuity problem. As depicted in figure 5, for above mentioned example, 3/6dB power on and 6/3dB power off transient period cannot be neglected for PA0 and PA1 respectively, which may degrade DMRS demodulation performance.


Figure5. Power ramping and phase continuity problem caused by power imbalance
Additionally, power imbalance shall lead to power boosting problem. If the number of CDM groups without data is 2, there is 3dB power boosting between data EPRE per layer and DMRS port. However, the maximum PA transmission power is limited. That means when data symbol transmission reach to the maximum power of PA, 3dB DMRS power boosting cannot be achieved and DMRS performance shall be degraded.


Figure6. Power boosting problem caused by power imbalance
Proposal 3:
· Support to specify DMRS enhancement to solve power imbalance issue in Rel-16.
It was proposed to modify DMRS antenna port entry to solve power imbalance issue. However, lots of DMRS antenna ports and precoder combination should be carefully considered as listed in appendix. For double-symbol DMRS, adding a phase rotation factor for different DMRS antenna port sets to avoid power imbalance problem can be considered, and DMRS resource mapping equation is modified as below,



According to above equation, enhanced DMRS resource mapping for DMRS port combination (0, 4) with precoder   is shown in figure 7, and there is no power imbalance issue for different PAs as depicted in figure 8.
[image: ]
Figure7. Enhanced DMRS resource mapping after precoding


Figure8. Enhanced DMRS resource mapping without power imbalance issue
Proposal 4:
· At least for uplink double-symbol DMRS, support to add a phase rotation factor for different DMRS antenna port sets to avoid power imbalance issue.
· DMRS resource mapping equation is modified as below,


1. Conclusion
In this contribution, DMRS PAPR and power imbalance issues are discussed with the following observations and proposals.
Observation 1:
· For DMRS configuration type 2 and DMRS port 0-5 transmission,
· The PAPR performance between DMRS with DMRS scrambling ID {0, 1, 2} and data are same.
· There is about 0.8 dB PAPR performance loss at 10^(-3) between DMRS with DMRS scrambling ID {0, 1, 0} and data.
· The PAPR performance between DMRS with DMRS scrambling ID {0, 1, 1} and data are same.
Proposal 1:
· For DMRS configuration type 2, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in the first of the two CDM groups, respectively. The nSCID of third CDM group is same as the second CDM group.
Proposal 2:
· For linkage between nSCID and CDM group,
·  if  nSCID = 0,
· if the number of DMRS CDM group(s) without data is 1, the configured nSCID=0 shall be used.
· if the number of DMRS CDM group(s) without data is 2, the configured nSCID=0 shall be used for the first CDM group, nSCID=1 shall be used for the second CDM group.
· if the number of DMRS CDM group(s) without data is 3, the configured nSCID=0 shall be used for the first CDM group, nSCID=1 shall be used for the second and third CDM groups.
· if  nSCID = 1,
· if the number of DMRS CDM group(s) without data is 1, the configured nSCID=1 shall be used.
· if the number of DMRS CDM group(s) without data is 2, the configured nSCID=1 shall be used for the first CDM group, nSCID=0 shall be used for the second CDM group.
· if the number of DMRS CDM group(s) without data is 3, the configured nSCID=1 shall be used for the first CDM group, nSCID=0 shall be used for the second and third CDM groups.
Proposal 3:
· Support to specify DMRS enhancement to solve power imbalance issue in Rel-16.
Proposal 4:
· At least for uplink double-symbol DMRS, support to add a phase rotation factor for different DMRS antenna port sets to avoid power imbalance issue.
· DMRS resource mapping equation is modified as below,
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Appendix I: Link level simulation assumptions
Table 2. Link-level simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Numerology
	15 KHz SCS

	Channel
	TDL-A

	Number of Antennas
	UE Rx=8, gNB Tx =8

	PDSCH duration
	14OFDM symbols, with one 2-symbol front-loaded DMRS + 1 additional DMRS

	Number of UEs
	1 UE

	# RBs for PUSCH
	50 RBs

	Carrier Frequency
	4 GHz

	Coding rate
	0.5 

	Coding 
	NR LDPC + CRC

	UE Speed
	3 Kmh 

	Receiver
	Practical Channel Estimation



Appendix II: DMRS ports and CDM groups definition


      
Figure9. DMRS ports and CDM groups definition for DMRS configuration type 1 and type 2
Appendix III: Power imbalance issue related DMRS ports and precoders
Table 7.3.1.1.2-13: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	8
	2
	0,4
	2

	9
	2
	2,6
	2




Table 6.3.1.5-4: Precoding matrix  for two-layer transmission using two antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	




Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-



Table 7.3.1.1.2-14: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2



Table 7.3.1.1.2-22: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	3
	3
	0,1,6
	2

	4
	3
	2,3,8
	2

	5
	3
	4,5,10
	2




Table 6.3.1.5.4-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	-



Table 7.3.1.1.2-15: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2



Table 7.3.1.1.2-23: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	2
	3
	0,1,6,7
	2

	3
	3
	2,3,8,9
	2

	4
	3
	4,5,10,11
	2




Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4
	

	-
	-
	-
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