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1 Introduction

Based on the discussions during the RAN WG1#59 meeting, the following aspects were identified as potentially impacting the UL DM RS design. 
a) UL SU-MIMO
b) UL MU-MIMO
c) UL CoMP
d) DMRS sequence design for non-contiguous resource allocations (RA)
Other open issues include whether to adopt Orthogonal Covering Codes (OCC) and/or IFDMA for the UL DM RS transmissions. 
This contribution further considers the above aspects.

2 Orthogonal Covering Codes
It has been proposed to apply the {1, 1} and {1, -1} Orthogonal Covering Codes (OCC) to the 2 DM RS in order to:

a) Improve orthogonality among DM RS from UE transmitter antennas with SU-MIMO

a. At high SINRs, the DM RS leakage among the CS allocated to different antennas creates a floor for the DM RS SINR which is observed through increased BLER due to worse channel estimation.

b) Allow spatial multiplexing (MU-MIMO) for PUSCH transmissions with different bandwidths (BWs) – at most 2 UEs can be supported in this manner.

Figure 1 presents the SU-MIMO throughput (based on link simulations) assuming rank 4 (with link adaptation) which represents the most challenging case for CS-only DM RS multiplexing. For CS-only DM RS multiplexing, the 4 CS were chosen to have maximal separation. For OCC/CS DM RS multiplexing, the 4 CS + 2 OCC combinations in Table 1 were used (other combinations are also possible but the exact combination does not affect the results as long as the CS have maximal separation and for the same OCC the CS separation is half an OFDM symbol). It can be observed that the combination of CS and OCC for the DM RS multiplexing provides noticeable throughput gains at high SINRs as with CS-only DM RS multiplexing the CS separation is a quarter of an OFDM symbol. 
Table 1: Allocation of CS and OCC to Layers for Rank 4 Transmission.

	Cyclic Shift
	C1 
	C2
	C3
	C4

	OCC {+1,+1}
	Layer 1
	--
	Layer 3
	--

	OCC {+1,-1}
	--
	Layer 2
	--
	Layer 4
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Figure 1: Link-Level Throughput for CS-only and CS+OCC DM RS Multiplexing for Rank-4 SU-MIMO.
Regarding the usefulness of OCC to support MU-MIMO with different transmission BWs (from at most 2 UEs), the results in [1] show gains of 15% in average throughput and of 5% in cell-edge throughput! Although in realistic setups and with the application of MCS/TPC to provide equal BWs to MU-MIMO UEs the gains from supporting MU-MIMO from 2 UEs with unequal transmission BWs will be substantially smaller (if any), some small benefits are expected from this feature. No additional signaling is needed to indicate the OCC either for SU-MIMO or for MU-MIMO (the CSI can be re-mapped for MU-MIMO and implicit derivation from a single CSI can apply for SU-MIMO). Therefore, support of OCC for the PUSCH DM RS is beneficial in Rel.10, particularly for SU-MIMO.
3 IFDMA
The use of IFDMA for DM RS multiplexing is associated with a series of disadvantages which are outlined below:
a) Unlike OCC, IFDMA does not increase the degrees of DM RS orthogonality and is therefore unlikely to provide any performance benefits for SU-MIMO.

b) IFDMA is not backward compatible ( not be possible to pair Rel.8 UEs and Rel.10 UEs for MU-MIMO.
c) IFDMA reduces the sequence length and therefore reduces the number of available sequences. It will be very hard, if not impossible, to obtain 30 sequences with a sequence length of 6 (for 1 RB allocation with the smallest possible number of 2 combs) ( separate solution for 1 RB allocation. Also, the number of sequences for medium/large RB allocations would be reduced ( more difficult to select sequences with low correlations, smaller number of sequence lengths for which sequence hopping can apply. 
d) IFDMA limits the number of supportable BW allocations as the number of allocated RBs should be divisible by the number of combs. A complexity associated with having a variable number of combs (e.g. 2 or 3) depending on the number of allocated RBs should be avoided.

e) Interference suppression is reduced by 10log10(RPF) where RPF represents the number of combs, leading to worse channel estimation particularly for cell edge UEs for which channel estimation accuracy is most critical.

For the above reasons, and as orthogonal DM RS multiplexing among different cells of the same Node B (for intra-Node B CoMP) can be supported using Rel.8 mechanisms, there is no strong reason for the introduction of IFDMA. For inter-Node B CoMP, more study is needed for the complexity/benefits tradeoffs and even then it is likely that the existing tools are sufficient as far as the DM RS design is concerned. 
4 DM RS Sequence for Non-Contiguous RA
The possible options are shown in Figure 2.
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 Figure 2: Options for the DM RS Sequence for Non-Contiguous RA
The tradeoffs between the 2 options are:
a) Cubic Metric (CM): This aspect is meaningful only if the clusters have the same size. Option 1 offers smaller CM for the DM RS [2]. However, this is only meaningful if the CM for the data is smaller than the CM for the DM RS. With option 2 the CM for the DM RS is slightly larger than the CM for the data only with QPSK modulation.

b) UE multiplexing: Option 2 allows the same mechanisms for UE multiplexing for SU-MIMO and MU-MIMO as for contiguous RA. Option 1 practically does not allow CS-based DM RS multiplexing. Therefore, support of SU-MIMO and MU-MIMO is limited to DM RS multiplexing with OCC ( only rank 2 can be supported for SU-MIMO, only 2 UEs can be supported for MU-MIMO, and only low UE speeds are applicable.   

c) Both options have trivial implementation. Option 2 is already default for transmission in multiple CCs and for simultaneous PUSCH and PUCCH transmissions.
The difference in CM (only if the clusters have the same size and meaningful only when the modulation is QPSK) is trivial and is unlikely to have any effect on system throughput. Even for the worst case of equal cluster size, QPSK, and CM increase of about 2 dB [2], the CM has only a marginal effect of about 0.25 dB on the PUSCH BLER as shown in Figure 3. This is also straightforward to understand analytically as a DM RS power reduction by 2 dB (1 DM RS symbol per slot) practically translates to overall reduction of the SINR over the entire slot by 10log10(6.63/7) = -0.235 dB. Although nothing is needed to address the CM with option 2, the UE implementation may also introduce a random phase (which will be absorbed by the channel) for the DM RS and data transmission in the second cluster.
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Figure 3: PUSCH BLER with DM RS CM Penalty of 2 dB and without DM RS CM Penalty.
The inabilities of option 1 to practically support SU-MIMO with rank 4 and MU-MIMO for more than 2 UEs (and limiting these functionalities only at low UE speeds due to the exclusive use of OCC) make it ineligible from further consideration. Note that support of SU-MIMO with rank 4 and enhanced MU-MIMO multiplexing are the only reasons for considering OCC! Moreover, a 3-bit CSI was introduced in DCI format 0 in Rel.8 in order to provide the Node B implementation with the ability to support up to 8 MU-MIMO UEs; Rel.10 should at least maintain the Rel.8 capability. 

5 Conclusions

Based on the analysis and results in this contribution, the following conclusions can be made:
a) Orthogonal Code Covering (OCC) for the PUSCH DM RS should be supported in Rel.10.

b) There is no need to support IFDMA for the PUSCH DM RS multiplexing in Rel.10. 

c) Separate DM RS sequence for each cluster should be used with non-contiguous RA.
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