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1. Introduction

In RAN1 #59bis meeting, DM-RS patterns for higher order MIMO were agreed in the case of the normal subframe and special subframes with normal CP. The followings are the agreed DM-RS patterns captured in RAN1 chairman’s note:

1. DMRS pattern for rank 5-8

· Hybrid CDM+FDM DMRS patterns are adopted for rank 5-8 transmission with normal CP (normal subframe, DwPTS)

· The length of orthogonal cover code (OCC) in time domain is  4 for both CDM groups
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2. DMRS pattern for rank 3-4 for DwPTS with OCC length 2
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3. Whether PRB-bundling in frequency domain is needed for rank 1-8 is FFS

Since the agreed DM-RS pattern consists of two CDM groups with OCC=4 in rank 5-8 transmission case, different number of layers are multiplexed in DM-RS and PDSCH. Therefore, it has been discussed that how to allocate power in DM-RS since it may result in power offset signaling once the DM-RS power is boosted. As an outcome of the discussion, it was agreed that no explicit control signaling of DM-RS is supported in RAN1 #60 meeting. However, further details of DM-RS power allocation in higher rank case are still remained as open.
In this contribution, we further discuss on the DM-RS power allocation details to finalize the DM-RS issues.

2. DM-RS Power Allocation

So far, it has been proposed to keep the same DM-RS RE power level with the data RE for a specific UE in a PRB so that it is allowed to employ flexible power control at an eNB. However, due to hybrid DM-RS, it is impossible to keep the same power level between DM-RS RE and data RE while allowing full power utilization at the eNB. Two examples are shown here for further elaboration such as rank-2 and rank-4 cases.
     The figure 1 shows the rank-2 transmission with Rel-10 DM-RS in which the full CDM multiplexing is used with one CDM group so that a UE can assume that power level is the same between layers in DM-RS RE and PDSCH RE and full power transmission at an eNB transmitter is also possible.
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Figure 1. Power allocation between DM-RS RE and data RE in rank-2 case 
      On the other hand, the full power transmission may not be allowed if two CDM groups are used such as rank-4 transmission with Rel-10 DM-RS as shown in the figure 2 since the number of layers multiplexed in an RE is different between DM-RS and PDSCH. For instance, as seen in the figure 2, two CDM groups are used for rank-4 transmission and each CDM groups contains two layers so that four layers in total are transmitted. 
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Figure 2. Power allocation between DM-RS RE and data RE in rank-4 case 

In this case, the REs used for DM-RS multiplex two layers while four layers are multiplexed in PDSCH REs so that doubled power should be used for PDSCH REs. Note that power cannot be borrowed from DM-RS REs to give more power to PDSCH REs to keep the same power level across the OFDM symbols in the subframe. Given this situation, the OFDM symbols containing Rel-10 DM-RS could have less transmission power if rank>2 transmission is used in that subframe. To solve this problem, two alternatives can be considered as follows:
· Alternative-1: 

The predefined two power offsets such as 0dB and 3dB are defined and the offset is the same irrespective of the layer in a specific rank. The 0dB offset is used for rank-1 and rank-2 cases and the 3dB offset is used for the other cases. Since the predefined fixed offset is used while keeping the same offset across the layers, it simply allows full power transmission without additional complexity. Furthermore, coherent demodulation performance will be enhanced due to higher DM-RS power.

· Alternative-2:
The defined power offsets are used according to the rank and layers. Therefore, different power offset can be used according to the layers even in the same rank. This alternative has been proposed to keep the same PSD across the DM-RS in two CDM groups.

      Between the alternatives, the alternative-2 seems to be most appropriate to achieve full power utilization which has been regarded as an essential design criterion for downlink system design while keeping simple implementation. Therefore, we propose to adopt alternative-2 for the details of DM-RS power allocation.
3. Summary
     In this contribution, we discussed on the DM-RS power allocation issue. The discussions can be summarized as follows:

· Full power utilization should be supported for better system throughput
· The same power offset across the layers in a rank is preferred to keep the UE receiver simple

· Alternative-2 seems to be most appropriate for the DM-RS power allocation

· 3dB power offset is used when two CDM groups are used irrespective of the rank and layers.
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