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1 Introduction

Based on the discussions during RAN WG1#59 and the decisions at RAN WG1#59bis, the remaining functionalities which may affect the UL DMRS design in Rel-10 are: 
a) UL SU-MIMO
b) UL MU-MIMO
c) UL CoMP
The open issues are whether to adopt Orthogonal Covering Codes (OCC) and/or IFDMA for the PUSCH DMRS transmissions. This contribution further considers these issues.

2 Orthogonal Covering Codes
It has been proposed to apply the {1, 1} and {1, -1} OCC to the 2 DMRS in the PUSCH sub-frame in order to:

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

a. At high SINRs, the DMRS leakage among the CS allocated to different antennas creates a floor for the DMRS 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.

2.1 SU-MIMO
Based on the results in [1], OCC is not needed for rank-2 transmissions. Therefore, in order to be able to support MU-MIMO with up to rank-2, for OCC/CS DMRS multiplexing, the 4 CS + 2 OCC combinations should be as in Table 1.
Table 1: Allocation of CS and OCC to Layers for Rank 4 Transmission.
	Cyclic Shift (CS)
	CS0
	CS1
	CS2
	CS3

	OCC {+1, +1}
	Layer 1
	Layer 2
	--
	--

	OCC {+1, -1}
	--
	--
	Layer 3
	Layer 4


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 DMRS multiplexing (the 4 CS were chosen to have maximal separation). It can be observed that the combination of CS and OCC for the DMRS multiplexing provides noticeable throughput gains at high SINRs as with CS-only DMRS multiplexing the CS separation is a quarter of an OFDM symbol. 
Proposal: Support OCC for rank-4 PUSCH transmissions using the mapping in Table 1.
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Figure 1: Link-Level Throughput for CS-only and CS+OCC DMRS Multiplexing for Rank-4 SU-MIMO.
2.2 MU-MIMO
Regarding the usefulness of OCC to support MU-MIMO with different transmission BWs (from at most 2 UEs), the results in [2] show gains of 15% in average throughput and of 5% in cell-edge throughput! In realistic setups and with the use of MCS/TPC adaptation to provide equal BWs to MU-MIMO UEs (which typically have similar BWs), the gains from supporting MU-MIMO from 2 UEs with unequal transmission BWs will be substantially smaller (if any). 
The application of OCC for MU-MIMO has the significant drawback that it precludes group sequence hopping and sequence hopping within a group. Note that because sequence hopping is cell-specific and applies to both PUSCH and PUCCH, disabling it will degrade the performance for all transmissions, including Rel-8 ones, SPS ones, and PUCCH ones that cannot benefit from MU-MIMO. Absence of sequence hopping can cause significant performance degradation as the cross-correlations among CAZAC sequences of different lengths can be large [3, 4]. Particularly for the length-12 and length-24 sequences, corresponding to 1 PRB and 2 PRB allocations associated with PUCCH and SPS transmissions, the cross-correlation can exceed 0.3 with 33% probability [5]. Moreover, because of synchronous UL retransmissions, HARQ will not be able to effectively resolve such collisions. Note that even if sequence planning not used, it is nearly impossible to guarantee low cross-correlations for all possible sequence length combinations especially considering varying propagation delays.
Therefore, although OCC for MU-MIMO may potentially offer some flexibility in pairing a small percentage of UL transmissions having different PUSCH BWs, even though the scheduler can always apply MCS/TPC adaptation and make the PUSCH BWs equal, it is disadvantageous for the vast majority of UL transmissions including Rel-8, SPS, and PUCCH ones and in general all UL transmissions for which MU-MIMO with different PUSCH BWs is not applicable. The simplest way to circumvent this problem is to make sequence hopping UE-specific instead of cell-specific.
In case that OCC is used in general in Rel-10, no additional explicit signaling needs to be introduced for OCC indication. Only CSI re-mapping to OCC/CS is needed (relative to the CSI mapping to CS in Rel-8). 
Proposal: OCC is enabled for MU-MIMO only if sequence hopping for Rel-8, SPS, PUCCH, and other UL transmissions can also be enabled.
Proposal: No additional explicit signaling to indicate OCC – re-use of existing 3-bit CSI suffices.

2.3 Additional Remarks on General OCC Usage
Although it has been argued that if OCC is used for SU-MIMO it should also be used for MU-MIMO as the use of either scheme is transparent, this is not entirely correct if OCC is only used with rank-4 for SU-MIMO (no benefit has been identified for rank-2) and MU-MIMO is limited to rank-2. 

Furthermore, several proposals were made in the previous meeting for the implicit CSI mapping to CS/OCC pairs in case OCC is used in general and not only with rank-4 SU-MIMO. Although some of these proposals also claimed that the respective CSI to OCC/CS mapping satisfied some optimality criteria, the full general impact of introducing OCC has not been considered. The general introduction of OCC and the respective CSI to CS/OCC mappings should consider at least the impact on all of the following:

a) Co-existence with Rel-8 UEs which can only use OCC {1, 1} and certain CS and, depending on the Rel-10 deployment stage, may be more or less numerous than Rel-10 UEs.

b) The CSI achieving “optimal” mapping to CS/OCC pairs should also simultaneously ensure that the respective PHICH resources are different (particularly in case of extended CP).

c) Maintain other optimality criteria such as maximum CS distances for the same OCC, etc. 

Therefore, whether to introduce OCC beyond rank-4 SU-MIMO should consider the tradeoff of possible gains not only with respect to the constraints on sequence hopping but also with respect to possible operating constraints and overall optimal operation of a system supporting both Rel-8 and Rel-10 UEs.  

3 IFDMA
The use of IFDMA for DMRS multiplexing is associated with a series of disadvantages which are outlined below:
a) Unlike OCC, IFDMA does not increase the degrees of DMRS 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 ( reduces the number of available sequences. 30 sequences with length 6 (1 RB allocation and 2 combs) cannot be obtained ( separate solution for 1 RB allocation. The number of sequences for medium/large RB allocations will also be reduced ( more difficult to select sequences with low cross-correlations and the RB allocations for which sequence hopping within a group can apply are reduced. 
d) IFDMA limits the number of supportable BW allocations as the number of allocated RBs should be divisible by the number of combs. The 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.
f) Orthogonal DMRS multiplexing among different cells of the same Node B (intra-Node B CoMP) can be supported using Rel-8 mechanisms. For inter-Node B CoMP, more study is needed for the complexity/benefit tradeoffs or whether the existing DMRS design tools are not sufficient. 

For the above reasons, introduction of IFDMA will be problematic while lacking a strong incentive. 
4 Conclusions

Based on the analysis and results in this contribution, the following proposals are made:
a) Support Orthogonal Covering Codes (OCC) for rank-4 SU-MIMO PUSCH transmissions.
a. There is no need to support OCC for rank-2 PUSCH transmissions.

b) If OCC is enabled MU-MIMO:

a. Sequence hopping can still be enabled for Rel-8, SPS, PUCCH, and other UL transmissions ( Sequence hopping is UE-specific instead of cell-specific.

b. The CSI to OCC/CS mapping should consider Rel-8 UEs, PHICH mapping, extended CP, etc.
c. No additional explicit signaling to indicate the OCC.
c) There is no need to support IFDMA for PUSCH DMRS multiplexing. 
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