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Introduction
[bookmark: _Ref494215420]The following conclusion on power imbalance issue was achieved in RAN1#Ad-hoc 1901 meeting [1]:
	Conclusion 
Multiple companies in RAN1 have identified a power imbalance issue due to the some combinations of Rel.15 DMRS and some MIMO precoding matrices 
· For example, it may occur for some cases of two symbol DMRS and two or four layer MIMO for a UE 
· Some companies claim this can be avoided by implementation based solutions for PDSCH and PUSCH 



In this paper, we will present our opinion on this issue. This contribution is the resubmission of R1-1902730.
Discussion
In the case of two-symbol DMRS, the time domain orthogonal cover codes (TD-OCC) are used to spread the DMRS. When a spatial linear precoder is applied to DMRS ports in the same CDM group combined with OCC pattern  specified in Rel-15 NR, the transmit power imbalance may occur across antenna ports on both OFDM symbols across allocated DM-RS resource elements. Next, we will provide some detailed analyses.
Problem formulation

Take 2 Tx precoder (indicated by TPMI)  as an example, when DMRS port 0 and 4 () are scheduled for configuration type 1, the UE antenna port 0 and 1 () can be expressed as:

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]On the 1st DMRS symbol, we have 

And
	




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


[bookmark: _GoBack]Observation 1: With the precoder  and DMRS ports {0, 4}, one UE antenna port is transmitted with zero power on 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 that the average power on UE antenna ports 0 and 1 is 7dB higher than that on UE antenna ports 2 and 3 on the 1st 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 in one symbol.

0. Potential solutions
· Solution 1: Scheduling restriction.
For example, the following DMRS port combination with certain precoders should be avoided for one codeword by gNB, as shown in Table 1.
Table 1   Scheduling restriction of DMRS ports
	Number of Tx
	TRI
	TPMI defined in [2]
	DMRS ports defined in [3]

	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_LINK5][bookmark: OLE_LINK10]Such restriction would make it lack flexibility for 3 or 4-layer transmission. For example, only DMRS port 0, 1and 2 can be scheduled for configuration type 1 for 3-layer transmission. And only DMRS port 0, 1, 2 and 3 can be scheduled for configuration type 2 for 4-layer transmission. Similarly, this is also less flexible for downlink transmission.
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Solution 2: Applying phase rotation on every two DMRS REs for some ports.
The power imbalance concern was raised during the Rel-13 discussion. This is because that even though the reversed order of OCC is applied, the 4 OCC codes [+1 +1 +1 +1] still cannot appear in the second and third DMRS symbol. It was finally agreed this issue can be solved by implementation. For example, the eNB can apply additional precoder [1 -1] every two PRBs for port 11 and 13 to switch the precoding weight between  [4]. Accordingly, the power imbalance issue in NR R16 can also be solved in this method.
Take the previous rank-3 precoder with DMRS ports 0, 1, 4 as an example,

We can take phase rotation on every two DMRS REs for the first symbol of DMRS port 4. The phases on the first and second DMRS REs remain the same and will be reversed on the third and fourth DMRS REs, which is shown below 



And
	





[bookmark: OLE_LINK24]
Since the pattern is repeated every 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 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 every 12 REs, so the perfect power balance can always be achieved regardless of scheduled bandwidth.
Proposal 1: Support implementation based solutions on DMRS power imbalance for PDSCH and PUSCH, e.g., scheduling restriction, applying phase rotation for some ports.
Conclusion
In this contribution, we have discussed the power imbalance issue on DMRS, which is crucial to both gNB and UE. Based on the discussion, we have the following observations and proposal:

Observation 1: With the precoder  and DMRS ports {0, 4}, one UE antenna port 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 in one symbol.

Proposal 1: Support implementation based solutions on DMRS power imbalance for PDSCH and PUSCH, e.g., scheduling restriction, applying phase rotation for some ports.
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