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1 Introduction
In 3GPP RAN#71, the WID of Enhancements on Full-Dimension MIMO for LTE (eFD-MIMO) was approved with the following objectives for reference signal enhancements [1]:

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

In this contribution, we present our view on uplink DM-RS enhancement for improved orthogonality for partly overlapping BWs allocation for eFD-MIMO.
2 Discussion
In Rel-8, different cyclic shifts of a reference signal are used to separate the DM-RS for different UEs participating in the MU-MIMO operation. To maintain DM-RS orthogonality among different UEs, the transmission bandwidth of those UEs paired for MU-MIMO has to be identical to each other, which reduces the scheduling flexibility. In Rel-10, a combined OCC and CS allocation was specified. UEs with different transmission bandwidth can be paired together with orthogonal DM-RS if they are assigned different orthogonal cover codes. For example, one UE can be assigned OCC = [1 1] and the other UE can be assigned OCC = [1 -1]. Then these two UEs can be paired for MU-MIMO operation while they could have different transmission bandwidth.
The OCC/CS table in [2] is presented in Table 1 below. Related to MU-MIMO operation, the following observations are made.
· For DM-RS using the same OCC, it can support the maximum of six (or four) orthogonal RS resources with equal CS separation (e.g., CSI field values 000, 011, and 100 are allocated) and may be sufficient to support MU-MIMO of up to 3 (or 2) paired UEs with 2 layers per UE.
· If OCC is further utilized to separate the DM-RS, more orthogonal RS resources such as up to 12 (or 8) are supported for MU-MIMO of 6 paired UEs with 2 layers per UE, e.g., with CSI field {000, 001, 011, 100, 101, 110}.
· For MU-MIMO with respectively 3 layers and 1 layer per UE, the combined OCC/CS is used to separate the DM-RS for achieving a maximum CS separation of 3. Two paired UEs can be assigned different OCC, e.g., with CSI field {011, 110}, or different CS/OCC, e.g., with CSI field {000, 001}.
· The combined OCC/CS can also support MU-MIMO with 4/2 layers/UE or 4 layers per UE, the DM-RS of two paired UEs can be separated by the OCC, e.g., CSI field {011, 110} or by the CS/OCC, e.g., with CSI field {000, 001}. In both cases, a maximum CS separation of 3 is achieved for the RS sequence with same OCC.
In summary, for MU-MIMO with same RB allocation for paired UEs, the current OCC/CS mapping can support up to 6 UEs of 2 layers per UE with equal CS separation. For MU-MIMO with different RB allocation for paired UEs, up to two UEs can be co-scheduled with a total layers up to 8.
Table 1: Mapping of CSI to OCC/CS according to 36.211
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For eFD-MIMO, the number of eNB Rx antenna ports is assumed to be up to 64, and it is desirable that more orthogonal RS sequences can be supported for uplink MU-MIMO. Considering that 4 orthogonal DMRS ports using OCC4 was introduced in Rel-13 for downlink higher order MU-MIMO, it can be expected that a similar enhancement on increasing the number of orthogonal DM-RS ports is needed in the uplink, e.g., supporting up to 4 co-scheduled UEs with unequal BW allocation. 

However, it is noted that the uplink traffic load is much lower than the downlink. In most time, the TCP ACK is transmitted in the uplink which requires PUSCH transmission with small RB allocations. Therefore, it is unknown whether higher order uplink MU-MIMO could provide meaningful benefits as in downlink. According to the above discussions the current uplink DM-RS could support co-scheduling of up to 6 UEs with same BW allocation. It shall be sufficient to pair UEs with same but small RB allocations for MU-MIMO transmission without the needs to further enhance the DM-RS. 
Another potential limitation for the uplink is the impact of Doppler spread and frequency offset. The relative difference between UEs local oscillators and Doppler spread will deteriorate the orthogonality of the uplink DM-RS and thus degrade MU-MIMO performance. In downlink, there is no such issue since MU transmission is from the same eNB. 

Since there are only two DM-RS symbols in one subframe, it is not possible to directly apply OCC4 in the uplink for increasing ports orthogonality. The IFDMA approach which was discussed but not agreed in Rel-10 framework has the capability to support orthogonal RSs belonging to different ZC root sequences. Therefore, it can be considered as one candidate for DM-RS enhancement for unpaired BW allocation. However, the disadvantages associated to IFDMA shall be also carefully considered. It is well know that the major drawback of IFDMA is bandwidth limitation since the number of RBs mush be divided by the repetition factor. It is not suitable for PUSCH transmission with small RB allocation. If typical scenario for uplink MU-MIMO is bursty traffic with small RB allocation, then IFDMA shall not be considered. IFDMA is also a non-backward compatible technique. Depending on the Rel-14 deployment stage, the legacy UEs may be more numerous than Rel-14 UEs. Therefore, it is essential to maintain the orthogonality with the legacy UE and allow co-scheduling of the legacy UE with Rel-14 UE. 
Proposal: 
· Further study is needed to justify the benefit and need to enhance uplink DMRS for improved port orthogonality. 

· Potential uplink DM-RS enhancement shall target to support co-scheduling of more than 2 UEs with unpaired bandwidth allocation and allow multiplexing with the legacy UE. 

3 Conclusions
In summary, we presents our view on potential enhancements on uplink DM-RS for supporting higher order MU-MIMO for eFD-MIMO. Based on the discussion, we make the following proposal:

Proposal: 

· Further study is needed to justify the benefit and need to enhance uplink DMRS for improved port orthogonality. 

· Potential uplink DM-RS enhancement shall target to support co-scheduling of more than 2 UEs with unpaired bandwidth allocation and allow multiplexing with the legacy UE. 
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