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1. Introduction
In RAN1#85, the following agreements have been reached regarding UL DMRS enhancements:
Agreements:

· UL DMRS Enhancement

· 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 discuss UL DMRS enhancement for eFD-MIMO in Rel-14 based on these conclusions.
2. Discussion 
In Rel-8, only contiguous frequency resource can be scheduled for uplink transmission to achieve low peak-to-average power ratio (PAPR). In Rel-10 of LTE-A uplink, multi-cluster transmissions based on clustered discrete Fourier transform-spread orthogonal frequency division multiplexing (clustered DFT-S-OFDM) is introduced as a transmission scheme. Multi-cluster transmission allows for flexible frequency selective scheduling, but also causes an increase of PAPR. In addition, OCC in time domain is introduced to support 2 UEs with orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation.  As more users will be scheduled by eNodeB under the deployment of FD-MIMO, the capacity for uplink transmission becomes more serious. MU-MIMO is an important technique to improve the uplink cell throughput, in [1], UL DMRS enhancements was evaluated and it was observed that it is beneficial to enhance MU-MIMO with BWs partially overlapping when more than 2 users.  In RAN1 85, it has been agreed that UL DMRS enhancement should be specified from one of IFDMA with OCC2 or new DMRS sequence design. In the following subsections we discuss these two enhancements for UL DMRS. 
2.1 Potential UL DMRS enhancement
Interleaved Frequency Division Multiple Access (IFDMA) 
Interleaved Frequency Division Multiple Access (IFDMA) is introduced for UL DMRS, the transmission comb number of UL DMRS can be two or four. Based on IFDMA and OCC, 4 or 8 users can be paired for MU-MIMO under orthogonal DMRS with partially overlapping BWs allocation. The Pros and Cons are showed as following:

Pros:

· The number of orthogonal DMRS with different bandwidths can be increased
· Backward compatibility
· UE can make power boosting when applying IFDMA 

Cons:

· The channel estimation accuracy may be degraded in large delay spread scenarios
· For comb numbers of 2 and 4, the minimum scheduling granularity increases to 2 RBs and 4 RBs
To evaluate the performance of IFDMA, we evaluate the MSE performance of DMRS channel estimation in UMi channel by link level simulation. In this simulation, three UEs were paired for MU-MIMO, the frequency position between three UEs was showed in Figure 1. User A and User B are orthogonal by OCC, but they will suffer interference from User C as only 2 orthogonal DMRS ports are supported for MU-MIMO with BWs partially overlapping based on current specification. For this non-orthogonal case, eNodeB can detect DMRS with/without advanced receiver, such as E-MMSE-IRC receiver. For IFDMA case, RPF 2 is used in the simulation, DMRS of user A and user B are transmitted in comb 0 and are orthogonal by OCC, DMRS of user C is transmitted in comb 1. In addition, UE can make power boosting when applying IFDMA. The simulation result is showed in Figure 1.  It can be observed that IFDMA with power boosting can improve the MSE performance of DMRS channel estimation.
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Figure 1: MSE of DMRS channel estimation
Observation 1: IFDMA with power boosting can improve the MSE performance of DMRS channel estimation. 
Enhancement on sequence generation
New approach to generate pilot sequence can be introduced. The pilot sequence of overlapping part and non-overlapping part are generated independently. So the orthogonality of each part can be achieved easily by cyclic shift or OCC.  Moreover, sequence generation can be done in resource specific manner so that it is easier to align the sequences among multiple users.  The Pros and Cons are showed as following:

Pros:

· The DMRS orthogonality among different UEs can be achieved by different cyclic shifts and OCC codes within the overlapping bandwidth
Cons:

· The CM of DMRS is increased
· More signaling overhead may be required to support more orthogonal DMRS ports

For the DMRS sequence split approach, when number of multiplexed UEs is so large that the a lot of split sequences are generated, e.g., more than 3, the signaling overhead to indicate the split sequences in DCI is quite large. Moreover, the spec impact is also large as a lot of new DCI signaling is required. Further, if a Rel-14 UE and a legacy UE are paired with unequal bandwidth, the legacy UE can only be scheduled in the smaller BW covered by the Rel-14 UE, which is a quite unnecessary constraint for the legacy UE. Additionally, the orthogonality between generated sequence and the legacy sequence in adjacent cells may be degraded. 
Based on above discussion, we preferred IFDMA with RPF 2. 
Proposal 1: IFDMA with RPF 2 should be considered for UL DMRS enhancement
2.2 Signaling for IFDMA
There are two alternatives to indicate comb index of IFDMA:

Alt 1: Indicating comb index by independent signaling
Alt 2: Indicating cyclic shift/OCC/comb index jointly by 3bits or 4bits in uplink DCI
For Alt 1, PHICH resource collision could happen if the UEs configured with different comb shift but the same cyclic shifts and starting RB index. 

For Alt 2, signaling overhead can be kept the same as legacy UE if using current 3bits cyclic shift field in uplink DCI. One design case is given in Table 1 under the principle that using different comb index for adjacent CS values. For the Rel-14 UEs with the same OCC, different comb indices are utilized for adjacent CS. One example of the 4-bit indication is shown in Table 2. In Table 2, four new CS states are added, i.e., 1, 5, 7 and 11. The design principle is when the state of the CS state is even, the respective Comb index is 0, otherwise, the Comb index is 1. Following this principle, the adjacent CS indices use different Comb indices when OCC is not enabled. Therefore joint indication of CS/OCC/Comb can help to optimize the orthogonality of the DMRS sequences. 
Table 1 3-bit joint indication for CS/OCC/Comb
	Cyclic Shift Field in 

uplink-related DCI format [3]
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Table 2 4-bit joint indication for CS/OCC/Comb
	Cyclic Shift Field in 

uplink-related DCI format [3]
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Proposal 2: The scheme of indicating cyclic shift/OCC/comb index jointly by 3bits or 4bits in uplink DCI can be considered for IFDMA
3. Conclusion
In this contribution, we discuss the UL DMRS enhancements for Rel-14. From the above discussion, we have the following observation and proposals:
Observation 1: IFDMA with power boosting can improve the MSE performance of DMRS channel estimation.
Proposal 1: IFDMA with RPF 2 should be considered for UL DMRS enhancement.
Proposal 2: The scheme of indicating cyclic shift/OCC/comb index jointly by 3bits or 4bits in uplink DCI can be considered for IFDMA.
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5. Appendix
Table A.1: Link level simulation assumptions

	Parameter

	Assumption

	Channel model
	UMi

	UE speeds
	3km/h

	DMRS bandwidth
	UE A: 16RB, 
UE B: 8RB, 
UE C: 4RB,

	Antenna configuration
	1x8

	DMRS estimation
	· LMMSE-IRC with uniform PDP
· E-LMMSE-IRC with uniform PDP
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