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Introduction
[bookmark: _Ref494215420]The power imbalance issue has long been identified. For DL, it can be up to gNB’s implementation, however for codebook based UL, the precoder and the DMRS ports are both indicated by gNB. If some problematic combinations of precoder and DMRS ports are indicated by gNB, UE may suffer from severe power imbalance.
In this contribution, we are going to present our view on the power imbalance on DMRS.
Problem formulation

Take 2 Tx precoder (indicated by TPMI)  as an example, when DMRS port 0 and 4 are scheduled for configuration type 1, similar analysis can be carried out

On the 1st DMRS symbol, we have 

And
	




It can be observed that on the 1st DMRS symbol the antenna port 0 is transmitting with the power that should have been transmitted via two antenna ports, while antenna port 4 is transmitting with zero power, while on the 2nd symbol, it is the opposite.

Observation 1: With the precoder  and DMRS ports {0,4}, one UE antenna is transmitted with zero power a DMRS symbol.


Also take 4 Tx precoder   as another example, when DMRS port 0, 1, and 4 are scheduled for configuration type 1, we have

With on the 1st DMRS symbol


And
	






It can be observed on symbol 1, that the average power on antenna ports 0 and 1 is 7dB higher than that on antenna ports 2 and 3.

Observation 2: With the precoder  and DMRS ports {0,1,4}, the average power on some antenna ports is 7dB higher than that the other ports.

0. Potential solutions
· Solution 1: Scheduling restriction.
To be more specific, the following precoder and DMRS port combination should be avoided by gNB for codebook based UL.
	Number of Tx
	TRI
	TPMI defined in [1]
	DMRS ports defined in [2]

	2
	2
	1,2
	Type 1: {0,4}, {2,6}

	4
	2
	14,15,16,17,18,19,20,21
	Type 1: {0,4}, {2,6}

	
	3
	3,4,5,6
	Type 1: {0,1,4}, {2,3,6}
Type 2: {0,1,6}, {2,3,8}

	
	4
	3,4
	Type 1: {0,1,4,5}, {2,3,6,7}, {0,2,4,6}
Type 2: {0,1,6,7}, {2,3,8,9}, {4,5,10,11}



· Solution 2: Reversing TD-OCC code across the CDM group for each DMRS port
To be more specific, the following text should be adopted for DMRS mapping when transform precoding is disabled.
	-	if transform precoding is not enabled, 


Where





Take the previous rank-3 precoder with DMRS ports 0,1,4 as an example, we have

With on the 1st DMRS symbol



And
	






[bookmark: OLE_LINK24]The power distribution across UE antennas is balanced. Since the pattern is repeated per 8 REs for DMRS configuration type 1, the remaining 4 REs is combined with the 4 REs in the next PRB. So technically speaking, the ideal power balance can only be guaranteed by even number of scheduled PRBs, but even for odd number of scheduled PRBs, as long as the number of PRB is sufficiently large, the residue power imbalance is negligible. Meanwhile, for configuration type 2, the pattern is repeated per 12 REs, so the perfect power balance can always be achieved regardless of scheduled bandwidth.
Proposal 1: Adopt one of the following solutions to resolve power imbalance issue for UL
· Alt.1  UE is not expected to be scheduled with the following TPMI and DMRS ports combinations for codebook based PUSCH.
	Number of Tx
	TRI
	TPMI defined in [1]
	DMRS ports defined in [2]

	2
	2
	1,2
	Type 1: {0,4}, {2,6}

	4
	2
	14,15,16,17,18,19,20,21
	Type 1: {0,4}, {2,6}

	
	3
	3,4,5,6
	Type 1: {0,1,4}, {2,3,6}
Type 2: {0,1,6}, {2,3,8}

	
	4
	3,4
	Type 1: {0,1,4,5}, {2,3,6,7}, {0,2,4,6}
Type 2: {0,1,6,7}, {2,3,8,9}, {4,5,10,11}



· Alt.2 Reversing TD-OCC code across CDM groups for each DMRS port
Conclusion
In this contribution, we have discussed some remaining issues on DMRS, especially on the power issue, which is crucial to both gNB and UE. Based on the discussion, we have the following observations, and proposals:

Observation 1: With the precoder  and DMRS ports {0,4}, one UE antenna is transmitted with zero power on a DMRS symbol.

Observation 2: With the precoder  and DMRS ports {0,1,4}, the average power on some antenna ports is 7dB higher than that the other ports.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 1: Adopt one of the following solutions to resolve power imbalance issue for UL:
· [bookmark: OLE_LINK41][bookmark: OLE_LINK42]Alt.1  UE is not expected to be scheduled with the following TPMI and DMRS ports combinations for codebook based PUSCH.
	Number of Tx
	TRI
	TPMI defined in [1]
	DMRS ports defined in [2]

	2
	2
	1,2
	Type 1: {0,4}, {2,6}

	4
	2
	14,15,16,17,18,19,20,21
	Type 1: {0,4}, {2,6}

	
	3
	3,4,5,6
	Type 1: {0,1,4}, {2,3,6}
Type 2: {0,1,6}, {2,3,8}

	
	4
	3,4
	Type 1: {0,1,4,5}, {2,3,6,7}, {0,2,4,6}
Type 2: {0,1,6,7}, {2,3,8,9}, {4,5,10,11}



· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]Alt.2  Reversing TD-OCC code across CDM groups for each DMRS port.
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