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1. Introduction
Current Study Item Description for Enhanced Uplink Transmission for LTE also mentions reference signal enhancements for cell-edge users among other topics [1]: 
To improve the cell-edge user throughput in uplink, mechanisms are needed to support a better orthogonality among DM-RSs of neighbor cells, which will benefit both uplink single cell scheduling as well as uplink CoMP.
[…]

The SI should fulfill the following objectives:

· Study and evaluate enhancement of the uplink reference signals, e.g.
· Frequency hopping with or without multi-shot SRS

· Aperiodic sounding based on non-precoded DMRS

· RS enhancement for cell-edge UEs, e.g., Orthogonal DMRS among cells  
In this contribution, we present our view related to the development of mechanisms for inter-cell orthogonal DM RS for cell-edge UEs in LTE Release 11. In here, we limit our considerations to the non-CoMP case. Inter-cell orthogonal DM RS in the case of UL CoMP is discussed in [2]. 
2. Performance evaluation and discussion
The cell edge throughput was simulated for single cell scheduling with Rel’10 UL DM RS arrangements:  

· Inter-cell orthogonal DM RS: single sequence group is used in multiple cells. DM RS are configured so that adjacent cells have orthogonal DM RS allocation.    

· Inter-cell non-orthogonal DM RS: cell-specific sequence group hopping patterns are used.
The main simulation parameters are given in Table 1. Network is assumed to be synchronized, and UL timing differences are not modeled. The fixed BW allocation aligned over the cells is used in both DM RS arrangements to simplify performance comparison. It should be noted that simulations contain transmission as well as detection of modulated symbols in presence of modulated signals from other cells, containing reference signals. Thus, channel estimation based on the DM RS is accurately modelled in simulations. Further, the used practical channel estimation method does not assume full knowledge of the second order statics of radio channel. 
Table 1. Simulation assumptions
	Parameter
	Values used for evaluation

	Environment
	3GPP Case 1 and Case 3

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB
	2 

	UL power control
	alfa=0.8, Po=-84 for Case 1, Po=-88 for Case 3

	UL receiver type
	MMSE-IRC

	Channel estimation
	Practical filter, length 24 sub-carriers

	BW allocation
	6 PRB per UE, aligned over the cells


The relative gain from inter-cell orthogonal DM RS in case of IRC receiver is shown in Figure 1. Orthogonal DM RS provides a tangible performance gain for cell edge throughput for both cases. The gain is larger for Case 3, in which cell edge SINR is lower and channel estimation has more impact to the throughput. 

Inter-cell orthogonal PUSCH DM RS is supported already in Rel’8 by sequence shift pattern configuration and use of cyclic shifts. However, the use of cyclic shifts imposes a significant restriction: both the bandwidth and frequency location of the allocated resources – i.e., PRB allocation – must be aligned over the cells when using orthogonal DM RS configuration. Thus, the use of cyclic shifts in inter-cell orthogonal manner imposes additional scheduling restrictions over the cells. The restrictions are relaxed in Rel’10 with introduction of UE specific orthogonal cover code, but OCC dimensions as such are not really sufficient for inter-cell orthogonal DM RS over multiple cells. On other hand, inter-cell orthogonal DM RS is not important for all UEs in the cell, and scheduling restrictions do not need to be followed for those UEs. However, inter-cell interference randomization for DM RS is then degraded due to disabled sequence group hopping and use of same sequence group in multiple cells. 
The shown gains are tangible, justifying for further studies e.g. on simple mechanisms supporting inter-cell DM RS coordination and flexible use of orthogonal DM RS over multiple cells that are missing from Rel’10. On other hand, the shown gains are not sufficient enough to justify for large standardization impacts. Hence, we propose that investigations on inter-cell orthogonal DM RS focus on mechanisms that have rather modest standardization impact, matching with the significance of expected performance gains. 
The shown results are limited to two simulation cases, and they prove that tangible gains can be achieved with inter-cell orthogonal DM RS. However, further evaluations e.g. on said Rel’10 DM RS limitations are highly beneficial in the early phase of related investigations.   
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Figure 1. Relative cell-edge throughput gain from orthogonal DM RS for IRC receiver in 1x2 antenna configuration.

3. Conclusions

In this contribution, we considered potential performance gains from inter-cell orthogonal DM RS arrangements for cell-edge UEs in a non-CoMP case. In the light of shown cell-edge gains shown, we propose following: 

Proposal: Investigations on inter-cell orthogonal DM RS focus on mechanisms that have rather modest standardization impact. 
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