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1 Introduction
In 3GPP RAN1#84bis, uplink DMRS enhancement for Full-Dimension MIMO (FD-MIMO) has been discussed with the following agreements [1]:

Agreements:
· Evaluation assumptions on Slides 2 and 3(R1-163834). 
Conclusions:

· Consider the following possible DMRS enhancements in the evaluation:

· IFDMA DMRS with a comb number of 2 and/or 4

· More DMRS symbols (with or without larger OCC), e.g.:

· IFDMA DMRS subcarriers with PUSCH REs, or 

· across 2-subframe pairing

· Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH

· Frequency domain OCC

· Other solutions are not precluded 

· Companies are to state their Rel-13 baseline scheme. 

In this contribution, we present our initial evaluation results on uplink DM-RS enhancement for improving orthogonality for partly overlapping BWs allocation for FD-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 two UEs can be paired for MU-MIMO operation while they could have different transmission bandwidth.
According to the current OCC/CS table in [2], shown in Table 1 also, 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 minimum CS separation of two. For MU-MIMO with different RB allocation for paired UEs, up to two UEs can be co-scheduled with a total number of layers up to 8, i.e. 4 layers per UE with minimum CS separation of 3.
Table 1: Mapping of CSI to OCC/CS according to 36.211
	Cyclic Shift Field in 

uplink-related DCI format [3]
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For FD-MIMO, the number of eNB’s Rx antenna ports is assumed to be up to 64, and it is desirable that more orthogonal RS sequences can be supported for higher order uplink MU-MIMO, e.g., supporting up to 4 co-scheduled UEs with unequal BW allocation. In RAN1 #84bis, several alternatives for uplink DM-RS enhancement were proposed for further study and evaluation [2]. We will briefly discuss the benefit and potential issues of each alternative in the following.

· IFDMA DMRS with a comb number of 2 and/or 4

The IFDMA approach was firstly discussed in in Rel-10 framework. With a comb number of 2 and 4, up to 4 and 8 UEs with partially overlapping BW allocation can be supported by combining with OCC2 across two DMRS symbols. Backward compatibility can be supported by assigning different OCC to the legacy UE and Rel-14 UE to maintain the orthogonality, but in such case the maximum number of co-scheduled UEs is reduced to 3 and 5 for comb 2 and 4, respectively. One issue with IFDMA DMRS is the bandwidth limitation since the length of DMRS sequence is divided by the repetition factor. For busty traffic with small RB allocation, IFDMA may not be a good solution since the sequence orthogonality cannot be maintained for a reduced DMRS sequence. Another issue is channel estimation performance loss when IFDMA DMRS is used for UL SU-MIMO. For example, the maximum channel CIR time span would decrease from 16.67us (1/4/15KHz) to 4.17us (1/4/60KHz) for rank 4 SU-MIMO with comb 4 DMRS. If uplink synchronization is not ideal then the allowed maximum time span will be further reduced. 
· IFDMA DMRS subcarriers with PUSCH REs

By introducing more DMRS symbols in the subframe more orthogonal DMRS ports be accommodated with a larger OCC. However, there is also a significant increase on DMRS overhead. Interleaved PUSCH with DMRS on same symbol can be considered to maintain the same DMRS overhead. As shown in Figure 1 below, additional DMRS can be transmitted on PUSCH symbols with frequency interleaving with PUSCH REs. To maintain same DMRS overhead, PUSCH is also transmitted on DMRS symbols using IFDMA. However, compared to the previous approach there is no increase on DMRS multiplexing capability. If comb 2 is used according to Figure 2, the maximum number of orthogonal DMRS ports is still 4 same as the first approach of IFDMA DMRS with comb 2. It is also noted that if a legacy UE is scheduled, there is collision between PUSCH of the legacy UE and DMRS of a Rel-14 UE on same REs. The orthogonality to the legacy UE cannot be maintained which leads to DMRS channel estimation loss for Rel-14 UEs. 
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Figure 1: IFDMA DMRS subcarriers with PUSCH 

· OCC4 across two subframe pairing

A larger OCC can also be achieved by spreading across two subframe pairing while maintaining same DMRS symbols per subframe. As shown in Figure 2, four DMRS symbols of two continuous subframes can be spread by a length of 4 OCC and the number of orthogonal DMRS ports is increased to 4. However, it is assumed that DMRS is transmitted on the same REs in two continuous UL subframes via scheduling restriction. For UL TX, phasing continuity across two subframes is needed, and TPC will be also same for the two subframes. It is noted that this approach cannot be applied for some TDD UL-DL configurations where there is no continuous UL subframe. 
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Figure 2: OCC4 across two subframe pairing

· Enhancement on sequence generation
Currently the DMRS sequence is generated from one root ZC-sequence with the same length as the assigned bandwidth. To generate orthogonal DMRS sequence for MU-MIMO, it was proposed to split the DMRS sequence into overlapping part and non-overlapping parts which are generated independently. The potential issue with this approach is increase of PAPR of DMRS and also more signaling overhead is also required to indicate the overlapping and non-overlapping parts. 
3 Performance Evaluation
In this section, we provide initial system evaluation results to show the performance benefits of the DMRS enhancements. According to [3], the overhead assumption for evaluation is 8RBs for PUCCH and 2 SC-FDMA symbols per 5ms for SRS. Due to the restriction on RB assignment to be times of 2, 3 and 5, the maximum RB allocation for 10MHz system bandwidth is 40 RBs. Table 2 shows the peak data rate for different category UEs according to simulation assumption. 
Table 2: Peak date rate for different category UEs according to [3]

	
	         CAT 4
	          CAT 5

	Subframe w/ SRS
	18.336 Mbps
	29.296 Mbps

	Subframe w/o SRS
	19.848 Mbps
	29.296 Mbps

	Average
	19.243 Mbps
	29.296 Mbps


For performance comparison, the Rel-10 DMRS is used as the baseline. In order to support more than two co-scheduled UEs with partially overlapping bandwidth, the bandwidth of the co-scheduled UEs can be aligned. For example, for 4 co-scheduled UEs, a group of two UEs will be assigned with same bandwidth, and another group of two UEs is assigned with another bandwidth, which can be different from the first. Although the bandwidth alignment may add some restrictions on UL scheduler, more UEs can be multiplexed and co-scheduled. 

For enhanced DMRS schemes, we evaluate IFDMA DMRS with comb 2, OCC4 across two subframe pair and also more DMRS symbols per TTI. Table 3 and 4 show the performance gain of enhanced DMRS schemes over the baseline for 8RX and 16Rx under 3D UMa 200m ISD.
Table 3.  Performance gain @ 3D-UMa, 200m ISD, 8RX
	
	λ = 2 packets/second
	λ = 4 packets/second

	
	RU %
	5% UPT
[Mbps]
	50% UPT 
[Mbps] 
	Mean UPT
[Mbps]
	RU %
	5% UPT
[Mbps]
	50% UPT 
[Mbps] 
	Mean UPT
[Mbps]

	Baseline
	25.88%
	12.99
	28.37
	26.69
	55.1%
	7.09
	19.9
	19.63

	IFDMA          w/ comb2
	26.58% (2.71%)
	12.7        (-2.23%)
	28.37   (0.0%)
	26.61       (-0.28%)
	53.63% (-2.67%)
	7.48 (5.43%)
	20.73 (4.15%)
	20.28 (3.28%)

	OCC4 across two SFs
	26.49% (2.37%)
	12.6        (-3.0%)
	28.17       (-0.7%)
	26.34       (-1.32%)
	53.55% (-2.82%)
	7.63 (7.65%)
	20.73 (4.15%)
	20.43 (4.04%)

	More DMRS symbols
	26.36% (1.84%)
	11.3        (-13.0%)
	28.17       (-0.7%)
	26.36       (-1.23%)
	55.12% (0.03%)
	7.04          (-0.69%)
	19.8        (-0.49%)
	19.61       (-0.12%)


Table 4.  Performance gain @ 3D-UMa, 200m ISD, 16RX
	
	λ = 4 packets/second
	λ = 6 packets/second

	
	RU %
	5% UPT
[Mbps]
	50% UPT 
[Mbps] 
	Mean UPT
[Mbps]
	RU %
	5% UPT
[Mbps]
	50% UPT 
[Mbps] 
	Mean UPT
[Mbps]

	Baseline
	51.25%
	10.44
	23.26
	22.62
	76%
	5.62
	15.39
	16.05

	IFDMA          w/ comb2
	50.65% (-1.2%)
	10.84 (3.79%)
	23.81 (2.38%)
	23.09 (2.1%)
	75.65% (-1.18%)
	5.86 (4.25%)
	16.0 (4.0%)
	16.5 (2.82%)

	OCC4 across two SFs
	50.33% (-1.8%)
	10.99 (5.22%)
	23.95 (2.99%)
	23.21 (2.61%)
	75.56% (-0.81%)
	5.91 (5.17%)
	15.94 (3.58%)
	16.48 (2.66%)

	More DMRS symbols
	50.86% (-0.8%)
	10.13      (-3.04%)
	23.12       (-0.58%)
	22.52       (-0.45%)
	77.98% (2.37%)
	5.13          (-8.72%)
	14.6        (-5.11%)
	15.24       (-5.03%)


As seen from the table, IFDMA DMRS with comb 2 shows similar performance to OCC4 across two subframe pair. It is observed that up to 5.4% and 7.6% throughput gains are achieved for cell edge user throughput at 3D-UMa, 8RX and 50% loading. But in other cases, they only provide a slightly better performance than the baseline. For more DMRS symbols per TTI the performance is severely degraded due to additional DMRS overhead. 
Observation 1: DMRS enhancements such as IFDMA with comb 2 do not provide significant performance gain compared with Rel-10 DMRS baseline scheme.

Figure 3 plots the MU-MIMO layer statistics for IFDMA DMRS with comb 2, λ = 6 packets/s and 16Rx. As shown in the figure, the majority of the number of co-scheduled UEs is limited to 2, and and the ratio of co-scheduling more than two UEs is no more than 25%. This may potentially explain why the performance gain of DMRS enhancement is not significant. Further log statistics for number of UEs per cell is plotted in Figure 4. It can be seen that only up to 8% in total TTIs are with more than 4 UEs for scheduling.
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Figure 3: Number of MU-MIMO layers                       Figure 4: Number of UEs for scheduling
Observation 2: The majority of the number of co-scheduled UEs in the evaluation is limited to two, and the ratio of co-scheduling more than two UEs is no more than 25%.
It is noted also that ideal time and frequency synchronization are assumed in the simulation. The relative difference between UEs local oscillators and non-ideal uplink synchronization will deteriorate the orthogonality of the uplink DM-RS. The impact could be more serious for IFDMA DMRS with a comb 2 or 4. Therefore, based on these observations, we have the following proposal:
Proposal 1: Rel-10 UL DRMS is sufficient for FD-MIMO, and co-scheduling more than 2 UEs with unpaired bandwidth allocation can be supported by implementation based solution.

4 Conclusions
In summary, we discuss potential enhancements for uplink DM-RS for supporting higher order MU-MIMO. From the system evaluation results we have the following observations:
Observation 1: DMRS enhancements such as IFDMA with comb 2 do not provide significant performance gain compared with Rel-10 DMRS baseline scheme.

Observation 2: The majority of the number of co-scheduled UEs in the evaluation is limited to two, and the ratio of co-scheduling more than two UEs is no more than 25%.
Based on we have the following proposal:

Proposal 1: Rel-10 UL DRMS is sufficient for FD-MIMO, and co-scheduling more than 2 UEs with unpaired bandwidth allocation can be supported by implementation based solution.
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