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1. Introduction
In the RAN 1 #85 meeting the requirement of specification enhancement on UL DMRS Enhancement for FD-MIMO was agreed [1], where the IFDMA with OCC2 and the DMRS sequence enhancement are agreed to be the candidate schemes as following agreement.
· Specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, i.e. one of IFDMA with OCC2 or new DMRS sequence design
In this contribution we provide our views on the above candidate DMRS enhancements.
2. Discussion 
Since Rel-8, the Zadoff-Chu sequence has been used for DMRS sequence generation. Different cyclic shifts can be used to distinguish the UEs with fully overlapping bandwidth allocation. However, when UEs are allocated with partial overlapping bandwidth, their DMRS cannot get orthogonal although configured with different cyclic shifts. The time domain OCC-2 has been used since Rel-10, where two UEs with partially overlapping bandwidth allocation can be distinguished by different OCC codes. However since Rel-13 the FD-MIMO has been studied, where higher MU-MIMO dimension can be observed in uplink. It is preferable to support more than 2 orthogonal DMRS for MU-MIMO so that some restriction of allocated bandwidth for co-scheduled UEs can be released. The IFDMA with OCC-2 and DMRS sequence enhancement can be two schemes to support more than 2 orthogonal DMRS for MU-MIMO.
2.1 IFDMA with OCC-2
Based on the IFDMA, different UEs with partially overlapping bandwidth allocation can be distinguished by different frequency offsets. There can be maximum 2N orthogonal DMRS sequences if OCC-2 is enabled and comb number is set to be N. Then  bits may be needed in the control signalling to configure the frequency offset and 1 additional bit may be used as a switcher for the IFDMA based DMRS. So if comb number is set to be 2, which is similar as SRS, 2 bits indicator needs to be added in the control signalling. 
There can be some issues for this IFDMA based approach. One issue is that the UEs with IFDMA based DMRS cannot be co-scheduled with the legacy UEs with partially overlapping bandwidth allocation, as their DMRS cannot be orthogonal [2]. Another issue is that in small RB allocation case, the orthogonality of cyclic shifts for IFDMA based DMRS may be impacted. Hence the channel estimation performance loss for the IFDMA based DMRS can be one issue in high rank case. As discussed in [2], the maximum channel CIR would get decreased to half of Rel-10 DMRS if comb 2 IFDMA is utilized. Some simulation results are shown in section 3.
Further the IFDMA based DMRS can have some impact on the interference estimation for the neighbour cells. As shown in Figure 1, the UE 1, UE 2 and UE 3 have been allocated partially overlapping bandwidth from TRP1, UE 4 has been granted the same resource from TRP 2 and UE 5 and UE 6 are transmitting PUSCH to TRP 3. Then the IFDMA based DMRS can be utilized in UE 1, UE 2, UE 3, UE 5 and UE 6. The Rel-10 DMRS can be utilized in UE 4. If the power boosting for the IFDMA based DMRS is not enabled and the network is synchronized, in TRP 2, the interference observed in DMRS REs can be half of that in PUSCH, which would have some impact on performance of TRP 2 uplink MIMO receiver. If 3dB power boosting for IFDMA based DMRS is enabled, the IoT for DMRS and PUSCH can keep the same. However if the network is asynchronized, some PUSCH REs would suffer 3dB higher interference than other PUSCH REs. Then it would be difficult for the MIMO receiver, e.g. MMSE-IRC, to estimate the interference if the IFDMA based DMRS is utilized.

Figure 1: one scenario for UL transmission
Proposal 1: IFDMA based approach cannot be a promising solution to enhance the DMRS, because it would have no benefit for legacy UE, can result in some channel estimation performance loss and have some impact on interference measurement.
2.2 DMRS Sequence Enhancement
There are two ways to enhance the DMRS sequence: one is to utilize a wider DMRS sequence; the other is to split the DMRS. For the first method, to keep the same EPRE between DMRS and PUSCH, the UE can use one sub-sequence from the wider DMRS sequence. However the PAPR would increase significantly. [3] If different EPRE between DMRS and PUSCH can be allowed, the UE could transmit a wider DMRS sequence. Then the UEs with partially overlapping resource allocation would transmit the same DMRS sequence with different cyclic shifts and/or OCC codes. However as the EPRE for DMRS is lower than PUSCH, there can be some channel estimation performance loss. 
For the DMRS splitting method, the DMRS sequence can be split into two parts: one is used for the overlapping bandwidth; the other is used for the other 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 and different UEs can be distinguished by different cyclic shifts and OCC codes. Figure 2 illustrates one example for this scheme, where 5 UEs with partially overlapping bandwidth allocation can be supported. If OCC-2 can be used, there can be 10 UEs with partially overlapping bandwidth allocation. Further, UE 5 can use the Rel-10 DMRS sequence. Hence the DMRS splitting based method can partially support the legacy UE.


Figure 2: one example for DMRS splitting
For the control signalling of the DMRS splitting based approach, 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 M can be the number of total RB or RBG. Denote K to be the minimum RB allocation granularity, the bit width for the DMRS splitting based method can be given as Table 1, where it can be observed that if 2 RBs scheduling granularity is supported, the control signalling would get increased in at most 1 bit and for some bandwidth, there would be no additional control signalling overhead. To support fallback to Rel-10 DMRS, additional 1-bit switcher may be necessary, which is similar to IFDMA based method. Therefore generally at most 2-bit additional control signalling overhead would be needed to support minimum 2 RBs scheduling granularity. 
Table 1: bit width for DMRS spitting based RA
	Bandwidth [MHz]
	RA type 0 bit width
	RA type 1 bit width
	K
	DMRS Split RA bit width
	K
	DMRS Split RA bit width

	1.4
	5
	6
	1
	6
	1
	6

	3
	7
	7
	2
	7
	2
	7

	5
	9
	10
	2
	9
	2
	9

	10
	11
	12
	3
	10
	2
	12

	15
	12
	13
	4
	11
	2
	14

	20
	13
	14
	4
	12
	2
	15



Observation 1: The control signalling overhead for DMRS splitting would get at most 2 bits increased if 2 RBs scheduling granularity is supported. 
Proposal 2: The DMRS splitting based method can be a simple and prospective method to enhance the uplink DMRS, which could partially support the legacy UEs and not cause channel estimation performance loss.
3. Simulation
Different DMRS structure may result in different channel estimation performance. In section, the channel estimation performance of Rel-10 DMRS and IFDMA based DMRS for SU-MIMO and MU-MIMO cases in different fading channel types and allocated bandwidth case is shown from Figure 1 to Figure 9. In SU-MIMO case, only the AWGN is included. In MU-MIMO case, it is assumed that there can be two UEs with the same DMRS base sequence and different cyclic shifts. The detailed simulation assumption is illustrated in Appendix. The channel estimation Mean Square Error (MSE) is collected from the DMRS symbols only, where the time domain channel estimation algorithm is utilized.
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Figure 1: SNR vs. MSE EPA-5Hz Allocated bandwidth = 6RB
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Figure 2: SNR vs. MSE EVA-70Hz Allocated bandwidth = 6RB
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Figure 3: SNR vs. MSE ETU-70Hz Allocated bandwidth = 6RB
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Figure 4: SNR vs. MSE EPA-5Hz Allocated bandwidth = 25RB
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Figure 5: SNR vs. MSE EVA-70Hz Allocated bandwidth = 25RB
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Figure 6: SNR vs. MSE ETU-70Hz Allocated bandwidth = 25RB
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Figure 7: SNR vs. MSE EPA-5Hz Allocated bandwidth = 50RB
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Figure 8: SNR vs. MSE EVA-70Hz Allocated bandwidth = 50RB

[image: ]
Figure 9: SNR vs. MSE ETU-70Hz Allocated bandwidth = 50RB
It can be observed that compared with Rel-10 DMRS, there can be some channel estimation performance loss by IFDMA based DMRS. The IFDMA based DMRS sequence length is smaller than Rel-10 DMRS, so that the maximum channel CIR time can get decreased and the duration of each time domain channel sample can get increased, which may have some impact on the time domain channel estimation performance. In some cases, such as higher EVA and ETU, the performance loss can be above 3 dB, so even the power boosting can be applied to the IFDMA based DMRS, there can be still some performance loss. 
Observation 2: There can be some channel estimation performance loss by IFDMA based DMRS, compared to Rel-10 DMRS, especially for higher delay spread channel model.

4. Conclusions
In this contribution we have provided our views on the UL DMRS enhancements. From the discussion, we have achieved the following observations and proposals.
Observation 1: The control signalling overhead for DMRS splitting would get at most 1 bit increased if 2 RBs scheduling granularity is supported. 
Observation 2: There can be some channel estimation performance loss by IFDMA based DMRS, compared to Rel-10 DMRS, especially for higher delay spread channel model.
Proposal 1: IFDMA based approach cannot be a promising solution to enhance the DMRS, because it would have no benefit for legacy UE, can result in some channel estimation performance loss and have some impact on interference measurement.
Proposal 2: The DMRS splitting based method can be a simple and prospective method to enhance the uplink DMRS, which could partially support the legacy UEs and not cause channel estimation performance loss.
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Appendix – Simulation Assumption
	Parameter
	Assumption

	Channel Model
	EPA, EVA, ETU

	Number of allocated RBs
	6, 25, 50

	Antenna Configuration
	1x1

	Channel Estimation Algorithm
	Time domain channel estimation with filtering

	MIMO Mode
	SU-MIMO, MU-MIMO

	Group hopping
	disabled

	Sequence hopping
	disabled

	Cyclic shifts
	Victim UE: Ncs = 0, interference UE: Ncs = 6

	Virtual cell ID
	0
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