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1. Introduction
Considering the new uplink transmission scenarios in LTE-A with multiple transmit antennas and non-contiguous resource allocation, the DMRS design should be reconsidered for LTE-A. New enhancements may be introduced to make sure that DMRS can work well in all of the scenarios of LTE-A. In RAN1#59 meeting, the following working assumptions were agreed for uplink DMRS:
· Aspects potentially impacting UL DMRS:
· UL SU-MIMO

· UL MU-MIMO

· UL CoMP
· DMRS sequence design for non-contiguous resource allocations
· Need to progress on question of need of OCC and/or IFDMA / FDM solutions.
In this contribution, we provide our views on UL DMRS design for LTE-A with analysis and simulation results.
2. Discussion
2.1. DMRS design for UL MIMO
In RAN1#57 meeting, cyclic shift separation is agreed to be the primary multiplexing scheme for UL MIMO transmission. However, some other solutions are not precluded to be supplement, such as OCC and/or IFDMA/FDM. Below we discuss the DMRS design for different UL MIMO scenarios.
SU-MIMO
The maximum layers number of UL SU-MIMO is four, and is smaller than the number of cyclic shifts (CS) in current specification. However, the orthogonality between DMRS ports is not very good in high SNR scenarios especially when the PUSCH bandwidth is small. From the simulation results in appendix (Figure1-2), better performance can be obtained with OCC enhancement to CS, while FDM only provide similar performance to CS from simulation results in [3].
MU-MIMO

In current specification, the orthogonality between multiplexed users in MU-MIMO relies on different CS of the DMRS sequence. This only allows MU-MIMO multiplexing between users with equal bandwidth allocation. From [2], MU-MIMO transmission with multiple bandwidths should be allowed for more flexible MU-MIMO scheduling and better performance. In this case, OCC can be introduced to preserve the orthogonality between two paired users with different BWs and the same root sequences in two slots. On the other hand, more than two users with different BWs can be paired by IFDMA, even with different root sequences. However, similar to SRS, IFDMA suffers from bandwidth limitation with divided DMRS sequence in Rel-8. The performance loss should also be considered while introducing additional DMRS combs in LTE-A.
Considering that introducing OCC doesn't cause damage and the specification impact is minimal, we propose that OCC can work together with CS for better orthogonality, and the necessity of IFDMA is FFS.
2.2. DMRS design for non-contiguous resource allocation
In LTE-A, frequency-non-contiguous resource allocation is supported in each CC (component carrier). Two DMRS designs can be considered in this case: 
Alt1: One DMRS sequence divided for multiple clusters.
Alt2: Individual DMRS sequence for each cluster. 
We compare the two schemes in the following aspects:
Table1 Comparison of Alt1 and Alt2
	Schemes
	Advantages
	Disadvantages

	Alt1
	· Lower CM property
· Lower channel estimation complexity.
	· Channel estimation loss when clusters are allocated with large frequency distance.
· Hard to flexibly support MU-MIMO with CS separation (cluster based orthogonality is unavailable).

	Alt2
	· Cluster level orthogonality of multiplexed UEs with different BWs is easy to obtain.
	· Slightly higher CM property
· Higher channel estimation complexity with separately channel estimation for each cluster.
· Performance loss with DFT  based channel estimation when clusters are narrowband with short DMRS sequences and many multiplexing CSs.


In the simulation results in appendix, we compare the performance of UL SU-MIMO based on Alt1 and Alt2 in different BWs. For a UE with scheduled resource of 10RBs, the resource is divided to two clusters of 5RBs and allocated in the lower edge and upper edge of the 5M/10M bandwidth. For Alt1, only one DMRS sequence with the length of 10RBs is used for joint channel estimation. For Alt2, two DMRS sequences with the length of 5RBs are used and the two clusters are estimated separately. It’s shown in figure3-4 that there is no performance difference between the two schemes, even when the frequency distance between the two clusters is up to 40RBs in 10M BW. On the other hand, MU-MIMO for paired UEs with different BWs can also be supported by Alt1 with the help of OCC. Hence, in our view Alt1 is slightly better, with lower CM property and less specification impact.
2.3. Downlink signaling for DMRS 
CS indication
There is only one CS index indicated by PDCCH for each UE in LTE R8. However, multiple DMRS ports are supported in LTE-A, and the CS indices should be DMRS-ports-specific to separate multiple ports by CDM. To reduce the signaling overhead and keep backward compatibility, the multiple CS indices can also be indicated by PDCCH implicitly. That is to say, we can only indicate the CS index of the first port as in Rel-8, and use predefined CS offsets for the other ports. For example, the other CS indices can be predefined with maximal CS offset among ports, and then the inter-layer interference could be kept small.
OCC pattern indication

If OCC is introduced as a DMRS enhancement, the indication of OCC index should also be considered. OCC can be exploited to preserve orthogonality among multiple ports for SU-MIMO or among users for MU-MIMO without knowledge of operating modes at UE. Therefore, the indication of OCC index should be UE-specific and consider both applications. Concretely, for SU-MIMO, different DMRS ports should be scrambled by different codes; for MU-MMO, DMRS ports of different users should be scrambled by different codes. Therefore, additional bit is needed in DCI format for indication of OCC patterns to make full use of OCC in both SU-MIMO and MU-MIMO scenarios. 
3. Conclusions
In this contribution, we discuss the DMRS designs for LTE-A uplink transmission. Both DMRS designs for UL MIMO and non-contiguous resource allocation are analyzed based on simulation results. We also provide some proposals about downlink signaling of UL DMRS. It’s summarized that:
· OCC can be an enhancement to CS for better orthogonality
· The necessity of IFDMA is FFS.
· One DMRS sequence divided for multiple clusters is better for non-contiguous resource allocation
· The multiple CS indices for DMRS ports can be indicated by PDCCH implicitly.
· Additional bit is needed in DCI format for indication of OCC patterns.
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Figure 1, Performance of CS+OCC for                                     Figure 2, Performance of CS+OCC for
2x2 rank2 transmission                                                           4x4 rank4 transmission
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Figure 3, Performance of different DMRS                          Figure 4, Performance of different DMRS
 designs for 5M BW                                                     designs for 10M BW
Table2 Simulation assumptions
	Parameter
 
	Assumption 

	Antenna configuration 
	2×2 4×4

	Antennae  Correlation 
	(0,0) 

	Bandwidth 
	5M

	Channel model 
	TU-6

	Codebook 
	Identity matrix for full-rank transmission

	MCS 
	Refer to 36.213 

	Channel code 
	Turbo code 

	HARQ retransmission number 
	4 

	Carrier frequency 
	2.0 GHz 

	Receiver 
	MMSE 

	CQI/PMI/SRS delay 
	5 ms 

	DMRS estimation 
	True 

	SRS estimation
	Perfect

	Codeword number 
	2

	Layer number
	2/4

	Scheduled resource  RB
	6 RBs 

	OCC pattern
	[1 1] for odd DMRS ports
[1 -1] for even DMRS ports

	Precoding granularity 
	6 RBs

	Pilot overhead 
	2 symbol for each subframe 

	UE mobile speed 
	3km/h








