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1. Introduction
In the RAN 1 #84b meeting a way forward on UL DMRS Enhancement for FD-MIMO was agreed [1], where the following possible UL DMRS enhancements are considered in the evaluation for partially overlapping PUSCH bandwidth allocation:
· IFDMA DMRS with a comb number of 2 and/or 4
· More DMRS symbols with larger OCC, e.g. IFDMA DMRS subcarriers with PUSCH Res
· Enhancement of DMRS sequence generation
In this contribution we provide our views and evaluation results on the above candidate DMRS enhancements.
2. Discussion 
The uplink MU-MIMO has been discussed since Rel-8. The Zadoff-Chu sequence is used for DMRS sequence generation. Different UEs with fully overlapping bandwidth allocation can use the same sequence with different cyclic shifts. However, if the UEs are allocated with partial overlapping bandwidth, different DMRS sequences may be applied so that their DMRS are not orthogonal with different cyclic shifts. In Rel-10, the UL DMRS has been enhanced by applying time domain OCC to support 2 orthogonal DMRS for MU-MIMO with partially overlapping bandwidth allocation. The two scheduled UEs with partially overlapping bandwidth can still have orthogonal DMRS by using different OCC codes. In Rel-13, the FD-MIMO was studied by which higher MU-MIMO dimension can be supported with even more receiving RF chains. In order to reap the gain of higher order MU-MIMO transmission, it is preferable to reduce the restriction of allocated bandwidth for co-scheduled UEs for more flexible scheduling decisions.
The IFDMA DMRS can be one option to create more orthogonal DMRS sequences among co-scheduled UEs with partially overlapping PUSCH. The co-scheduled UEs can be distinguished by different comb shift. By having repetition factor (RPF) N for orthogonal DMRS combs, number of orthogonal DMRS sequences with partially overlapping bandwidth is increased to 2 N. Then different UEs can be allocated with different comb shifts. There can be some drawbacks for this scheme. One is that there can be some restriction of small RB allocation as no DMRS sequence with the length of less than 12 is currently defined in the LTE specification. For example, if the RPF is defined to be 2 as the SRS structure, the IFDMA DMRS cannot be used when the UE is scheduled with 1 RB.  Another drawback is that it cannot support the co-scheduling with legacy UEs. In addition, current PHICH resource can be determined by the cyclic shifts and scheduled RBs, then the PHICH resource collision could happen if the UEs configured with different comb shift but the same cyclic shifts and starting RB index. To avoid this collision, the comb number should be taken into account for the PHICH resource allocation for IFDMA DMRS.
Proposal 1: For IFDMA based DMRS sequence generation, small RB allocation, such as one PRB, should also be considered.
Proposal 2: For IFDMA based DMRS generation, the comb number should also be taken into account for the PHICH resource allocation to avoid potential PHICH resource collision.
Another possible DMRS enhancement is to allocate more symbols for UL DMRS. Then longer OCC length can be applied. For example, there can be one additional symbols for DMRS in each slot, and in one subframe time domain OCC-4 can be used. However the overhead of the DMRS is increased significantly. If SRS is present in the same subframe, the overhead for the reference signal is roughly 35% that only small MCS can be supported.  Moreover, the orthogonality between the legacy UE and advanced UE cannot be achieved.
Proposal 3: Longer OCC based DMRS sequence can be considered if there is still throughput gain with the increased DMRS overhead.
Another possible solution is to enhance the DMRS sequence. There can be two methods for DMRS sequence enhancement: one is to utilize one DMRS sequence for the whole band; the other is to split the DMRS, where one DMRS sequence is used in the overlapping bandwidth and the other DMRS sequence is used in the rest of scheduled bandwidth. 
For the former method, if there is only one DMRS sequence in the whole band, all UEs can have the same base sequence no matter whether they are allocated with fully overlapping bandwidth or partially overlapping bandwidth. Then the UEs can be distinguished by different cyclic shifts and time domain OCC. However the PAPR for this type of DMRS sequence may be different from current DMRS sequence. Figure 1 illustrates one C.D.F of PAPR for the DMRS with all possible resource allocation in 1 Tx antenna SC-FDMA waveform in 20MHz bandwidth system. The DMRS sequence can be generated based on the configuration . The possible resource allocation include all possible starting RB index and all possible RB length. It can be observed that the PAPR for the fully bandwidth DMRS sequence is around 1 dB higher than Rel-8 DMRS sequence generation. 
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Figure 1: PAPR comparison of different DMRS sequence generation methods
For the latter method, the DMRS sequence can be split into two parts: one is used for the overlapping bandwidth; the other is used for the rest scheduled bandwidth. Then for the co-scheduled UEs with partially overlapping bandwidth allocation, the DMRS base sequence for the overlapping bandwidth can be the same. Then DMRS orthogonality among different UEs can be achieved by different cyclic shifts and OCC codes within the overlapping bandwidth. Meanwhile orthogonality between legacy UEs and advanced UEs can be supported if legacy UEs are allocated with smaller bandwidth among the co-scheduled UEs, as legacy UEs can simply use the Rel-8 DMRS sequence generation method.  However, more complex control signalling should be introduced to support DMRS sequence split. One possible solution is to use the similar way as uplink resource allocation type 1, where there can be two consecutive RB sets. For example, the first RB set can be defined from  to  and the second RB set can be defined from  to . Then combinatorial index r can be obtained by , where N can be the number of total RB or RBG.
Observation 1: The PAPR for the method to utilize full bandwidth DMRS sequence could be increased around 1 dB compared to Rel-8 DMRS sequence generation. 
Observation 2: The method for the DMRS sequence split could support orthogonality between the legacy UEs and advanced UEs if legacy UEs are allocated with smaller bandwidth among the co-scheduled UEs.
Proposal 4: If split DMRS sequence based approach is adopted, the control signalling design for the DMRS sequence split method should be taken into account.
3.  System level evaluations 
In [1], system level simulation assumptions have been defined. To evaluate the performance for different DMRS sequence generation methods, there can be two different approaches. The first one is to model the real interference for realistic channel estimation by different DMRS enhancements with proportional fair scheduler without any restriction. However, this approach may not generate enough scheduling decisions with partially overlapping bandwidth. The other approach is to introduce some scheduling restriction in the uplink scheduler to generate enough scheduling realization with partially overlapping bandwidth. The scheduling decision is introduced according to each DMRS enhancement method. And we assume the interference from the channel estimation can be completely removed by different DMRS enhancements with such scheduling restriction. In this contribution, we select the second approach to evaluate different DMRS enhancements.
The Rel-10 DMRS is taken into account as the baseline. So the uplink scheduler could schedule maximum 2 UEs with partially overlapping bandwidth allocation with the help of time domain OCC-2. For the IFDMA DMRS, the RPF 2 is selected, so there can be two scheduling restrictions: one is that there can be maximum 4 UEs with partially overlapping bandwidth allocation by time domain OCC-2 and two comb numbers; the other is that the UEs with 1 RB allocation cannot be co-scheduled with more than 2 UEs with partially overlapping bandwidth allocation as there can be no IFDMA DMRS sequence for 1 RB allocation. This means that the UEs with 1 RB allocation can only be co-scheduled with other UEs with partially overlapping bandwidth by using time domain OCC-2. For the DMRS split method, the scheduling restriction is similar as IFDMA DMRS, but it could have the DMRS sequence for UEs with 1 RB allocation. There can be maximum 4 different allocated bandwidth within one co-scheduled UEs pair. The UE 1 and UE 2 can have orthogonal DMRS by splitting the DMRS sequence into two portions, so can the UE 3 and UE 4. And time domain OCC-2 is used to achieve orthogonality between the group of UE 1 and UE 2 and the group of UE 3 and UE 4.
The detail parameters are shown in Appendix. To observe more partial overlapping bandwidth allocation impact, the reference scheduling bits per subframe have been pre-defined. Then the number of required RBs for each UE can be determined by the reference scheduling bits per subframe and the instant Spectrum Efficiency (SE). The number of allocated RBs can be determined by the required RB and the power headroom. The number of allocated RBs for each UE should not exceed the number of required RB in order to reduce inter-cell interference. Meanwhile it should not exceed the maximum possible transmitting RBs which is determined based on the power control. There can be two types of defined scheduling bits per subframe: one is 160 bits per subframe which is used to model some small package such as VoIP or TCP ACK; the other is 15000 bits per subframe which is used to model some normal traffic type. In the system level simulation, 10% UEs with the 160 bits per subframe limitation and 90% UEs with the 15000 bits per subframe limitation are assumed. Note that the reference scheduling bits per subframe are used to estimate the number of allocated RBs in one subframe and after the number of RB is determined, the real scheduling TB size may exceed the reference scheduling bits per subframe to achieve higher throughput. For example, for the 160 bits per subframe user, which may be allocated 1 RB in one subframe and with MCS 28, it may be able to transmit more than 160 bits in one subframe.
Table 1-6 illustrate the system level simulation results for UMa and UMi scenario with Q=8/16/32. It could be observed as the number of TXRUs increases, higher mean user throughput can be observed and more gain can be achieved from IFDMA based DMRS and DMRS sequence split method. Some performance loss can be observed from the 5% CDF throughput in the case of UMa and Q=8, which can represent the small RB users’ performance loss, which are configured to be scheduled in a reference 160 bits per subframe. However for larger number of TXRUs case (Q=16 and Q=32), some performance gain can be observed. Considering Rel-10 LTE DMRS as baseline, more performance gain could be observed from the DMRS sequence split method compared to IFDMA based DMRS.
Table 1: System Level Simulation Results for UMi, Q=8
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Table 2: System Level Simulation Results for UMi, Q=16
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Table 3: System Level Simulation Results for UMi, Q=32
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Table 4: System Level Simulation Results for UMa, Q=8
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Table 5: System Level Simulation Results for UMa, Q=16
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Table 6: System Level Simulation Results for UMa, Q=32
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Observation 3: More performance gain can be achieved from the DMRS sequence split method compared to IFDMA based DMRS when Rel-10 LTE DMRS is considered as baseline.
4. Conclusions
In this contribution we have provided our views and evaluation results on the UL DMRS enhancements. From the discussion and system level evaluation, we have achieved the following observations and proposals.
Observation 1: The PAPR for the method to utilize full bandwidth DMRS sequence could be increased around 1 dB compared to Rel-8 DMRS sequence generation. 
Observation 2: The method for the DMRS sequence split could support orthogonality between the legacy UEs and advanced UEs if legacy UEs are allocated with smaller bandwidth among the co-scheduled UEs.
Observation 3: More performance gain can be achieved from the DMRS sequence split method compared to IFDMA based DMRS when Rel-10 LTE DMRS is considered as baseline.
Proposal 1: For IFDMA based DMRS sequence generation, small RB allocation, such as one PRB, should also be considered.
Proposal 2: For IFDMA based DMRS generation, the comb number should also be taken into account for the PHICH resource allocation to avoid potential PHICH resource collision.
Proposal 3: Longer OCC based DMRS sequence can be considered if there is still throughput gain with the increased DMRS overhead.
Proposal 4: If split DMRS sequence based approach is adopted, the control signalling design for the DMRS sequence split method should be taken into account.
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	Parameters 
	Values 

	Scenarios
	3D UMi/UMa

	BS antenna downtilt
	100 degree

	BS antenna element configurations
	[M=4, N=8, P=2, Q=8/16/32] 

	BS antenna polarization
	Cross-polarized

	UE attachment
	RSRP based

	Carrier Frequency 
	2GHz 

	Network sync 
	Synchronized 

	System bandwidth 
	10MHz (50RBs) 

	UE distribution
	10 UEs per sector

	Wrapping method 
	57 sectors with Geographical distance based 

	Handover margin 
	3dB 

	Traffic model 
	Full buffer

	UE speed
	3 km/h

	Scheduler 
	PF with scheduling bit limitation

	SRS error modeling 
	Table A.1-2 in 36.897

	Receiver 
	MMSE-IRC receiver 

	Channel estimation
	Ideal

	Hybrid ARQ 
	Maximum 4 transmissions, CC 

	Transmission scheme 
	1xMR SIMO (MR=Q) 

	Waveform
	SC-FDMA

	Maximum UE TX power 
	23dBm 

	Overhead 
	8RBs for PUCCH 

	SRS configurations 
	5ms of channel sounding RS period (infinite SRS capacity), 4ms of channel sounding delay 

	PDCCH configurations
	infinite UL grant capacity

	Power control 
	P0=-80dBm, alpha=0.8 

	Metrics 
	Mean, 5%, 50%, 95% UPT 

	Number of Tx antenna at UE 
	1 antenna 

	Hybrid ARQ 
	Maximum 4 transmissions, CC 
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UMi, Q=16

baseline LTE DMRS 0.1494 100.00% 2.92528 100.00% 10.34115 100.00% 3.483467421 100.00%

IFDMA DMRS 0.14876 99.57% 3.31756 113.41% 11.3209 109.47% 4.275751754 122.74%

split DMRS sequence 0.16095 107.73% 3.77948 129.20% 11.6966 113.11% 4.670560193 134.08%

5% throughput[Mbps] 50% throughput[Mbps] 95% throughput[Mbps] Mean throughput[Mbps]


image4.emf
UMi, Q=32

baseline LTE DMRS 0.20854 100.00% 3.38336 100.00% 9.8702 100.00% 3.943062316 100.00%

IFDMA DMRS 0.21813 104.60% 3.96096 117.07% 12.48995 126.54% 4.950705649 125.55%

split DMRS sequence 0.26665 127.87% 4.20684 124.34% 12.50815 126.73% 5.30137893 134.45%

5% throughput[Mbps] 50% throughput[Mbps] 95% throughput[Mbps] Mean throughput[Mbps]
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UMa, Q=8

baseline LTE DMRS 0.12126 100.00% 2.11624 100.00% 9.10877 100.00% 2.666550807 100.00%

IFDMA DMRS 0.115365 95.14% 2.15468 101.82% 9.530345 104.63% 2.980840246 111.79%

split DMRS sequence 0.11524 95.04% 2.20514 104.20% 9.62972 105.72% 3.065023123 114.94%

95% throughput[Mbps] Mean throughput[Mbps] 5% throughput[Mbps] 50% throughput[Mbps]
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UMa, Q=16

baseline LTE DMRS 0.17982 100.00% 2.7086 100.00% 10.9661 100.00% 3.269104632 100.00%

IFDMA DMRS 0.1868 103.88% 2.98448 110.19% 12.38555 112.94% 3.939415193 120.50%

split DMRS sequence 0.1985 110.39% 3.12038 115.20% 12.3689 112.79% 4.175790877 127.74%

5% throughput[Mbps] 50% throughput[Mbps] 95% throughput[Mbps] Mean throughput[Mbps]
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UMa, Q=32

baseline LTE DMRS 0.30547 100.00% 3.30944 100.00% 9.16652 100.00% 3.745086842 100.00%

IFDMA DMRS 0.29489 96.54% 3.81484 115.27% 12.18425 132.92% 4.570079158 122.03%

split DMRS sequence 0.33991 111.27% 3.78247 114.29% 12.3162 134.36% 4.767291702 127.29%

5% throughput[Mbps] 50% throughput[Mbps] 95% throughput[Mbps] Mean throughput[Mbps]
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image2.emf
UMi, Q=8

baseline LTE DMRS 0.09188 100.00% 2.3165 100.00% 7.478055 100.00% 2.760901404 100.00%

IFDMA DMRS 0.095385 103.81% 2.40943 104.01% 8.232635 110.09% 3.037089281 110.00%

split DMRS sequence 0.10931 118.97% 2.46225 106.29% 8.584575 114.80% 3.151962088 114.16%

5% throughput[Mbps] 50% throughput[Mbps] 95% throughput[Mbps] Mean throughput[Mbps]


