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1 Introduction
In the RAN1#82 meeting, the following working assumption was achieved for DMRS enhancement [1]: 
Working Assumption, subject to resolution of signalling and power imbalance issues:

· Alt.1, i.e., OCC=4 and 12REs for higher order MU-MIMO transmission is supported with the following ports
	Ports for MU transmission
	OCC

	Port 7(’) (detailed naming FFS)
	[1 1 1 1]

	Port 8(’)
	[1 -1 1 -1]

	Port 11
	[1 1 -1 -1]

	Port 13
	[1 -1 -1 1]


In this contribution, the power imbalance issue for DMRS enhancement will be discussed. The signaling details for additional DMRS ports are discussed in our companion contribution [2].

2 eNB power imbalance with DMRS enhancement
One issue that was previously discussed during the introduction of DMRS into the LTE specification is the issue of power imbalance across DMRS REs in the time domain [3][4]. Since orthogonal DMRS ports utilize the same scrambling sequence, it is important to make sure that the power imbalance is minimal. In RAN1#82, we found that the current working assumption for DMRS enhancement (Alt.1, i.e., OCC=4 and 12REs) suffers from an uneven distribution of power for the worst case that results in an average to peak transmission power ratio of 0.97dB [5].
Observation 1: In terms of power imbalance, the working assumption on DMRS enhancement requires additional specification support to address the 0.97dB average to peak transmission power ratio.
In general, peak transmission power can be randomized by time/frequency variation of the DMRS OCC mapping as already reflected in the current DMRS design. In order to address eNB power imbalance issue for DMRS enhancement, two possible DMRS OCC mapping options are presented in the following subsections.
· Option 1: Time-domain Walsh spreading + frequency domain orthogonal spreading with DFT sequences
· Option 2: Time-domain Walsh spreading + frequency domain variation of DMRS OCC mapping by applying column permutation of Walsh code
2.1 Option 1 for resolving power imbalance
Option 1 is shown in Figure 1. As shown in this figure, time-domain Walsh spreading is the same as the current DMRS design. However, additional orthogonal spreading codes are applied in the frequency domain by using 2 length-6 DFT sequence. Specifically, Option 1 can be represented by a time-domain spreading matrix 
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 and a frequency-domain spreading matrix 
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 as follows:
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The 2-dimensiona orthogonal covering pattern for DMRS port 7 (or 8, 11, 13) can be achieved by applying time-domain spreading using the 1st (or 2nd, 3rd, 4th) row vector of 

 and applying frequency-domain spreading using the 1st (or 2nd, 3rd, 4th) column vector of

. Using time/frequency variation of the DMRS OCC mapping above, Option 1 achieves equal power utilization across OFDM symbol with 2 PRBs.
Observation 2:
· With Option 1, additional frequency domain orthogonal spreading is required using length-6 DFT sequence.
· With Option 1, the peak power is randomized within two PRBs.
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Figure 1 DMRS OCC mapping for Option 1
2.2 Option 2 for resolving power imbalance
Option 2 is shown in Figure 2. As shown in this figure, two different time-domain Walsh spreading is applied depending on PRB location. This results in frequency domain variation of DMRS mapping. Specifically, Option 2 can be represented by two time-domain spreading matrix 
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 as follows: 
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Note that one of 
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 is column permutated version of the other Walsh code. Using time/frequency variation of the DMRS OCC mapping above, Option 2 achieves equal power utilization across OFDM symbol with 4 PRBs.
Observation 3:
· With Option 2, two different time-domain Walsh spreading is applied depending on PRB location.
· With Option 2, the peak power is randomized within four PRBs.
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Figure 2 DMRS OCC mapping for Option 2
The proposal from this section is summarized below:

Proposal: Down-select from the following two options for resolving power imbalance with DMRS enhancement
· Option 1: Time-domain Walsh spreading + frequency domain orthogonal spreading with DFT sequences
· Option 2: Time-domain Walsh spreading + frequency domain variation of DMRS OCC mapping by applying column permutation of Walsh code
1 Conclusions
In this contribution, the power imbalance issue for DMRS enhancement was discussed and we made following observations and proposal:
Observation 1: In terms of power imbalance, the working assumption on DMRS enhancement requires additional specification support to address the 0.97dB average to peak transmission power ratio.
Observation 2:
· With Option 1, additional frequency domain orthogonal spreading is required using length-6 DFT sequence.

· With Option 1, the peak power is randomized within two PRBs.
Observation 3:
· With Option 2, two different time-domain Walsh spreading is applied depending on PRB location.

· With Option 2, the peak power is randomized within four PRBs.

Proposal: Down-select from the following two options for resolving power imbalance with DMRS enhancement
· Option 1: Time-domain Walsh spreading + frequency domain orthogonal spreading with DFT sequences
· Option 2: Time-domain Walsh spreading + frequency domain variation of DMRS OCC mapping by applying column permutation of Walsh code
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