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1. Introduction

In RAN#51, it was agreed to consider UL MIMO enhancements for Rel-11, especially the following points on UL RS:

· 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 share our views on UL RS enhancements relevant to the Rel-11 study phases.

2. Enhancements for UL RS

2.1. DM RS

During the Rel-10 discussions, it was proposed to introduce IFDMA for UL DMRS [3], [4], and it was discussed which additional orthogonal scheme would be introduced in Rel-10. Finally, OCC with CS was agreed as the Rel-10 enhancement aiming at efficient support of SU-/MU-MIMO, and IFDMA was not introduced because of reasons such as (1) CAZAC sequence design and (2) considerations of backward compatibility with LTE UEs. 

However as analyzed in Table 1, it is clear that IFDMA is beneficial for CoMP JR (Joint Reception) operation because coordination of root sequence between cells is unnecessary and/or DMRS can be orthogonalized even if unequal bandwidth RB allocation is performed. Moreover, IFDMA increases the capacity of UE multiplexing for unequal bandwidth RB allocation, and hence the ability of spatial inter-cell interference cancellation by CoMP JR can be improved, while only two UE multiplexing is possible by use of OCC. 

In addition, the most harmful drawback of IFDMA in Rel-10 was the lack of backward compatibility. However, OCC has already been adopted in Rel-10, and the backward compatibility, i.e. orthogonality with non-IFDMA signal, can be achieved by using OCC. We believe MU-MIMO/CoMP would be one of the important features in Rel-11, thus we propose that the feasibility of IFDMA in Rel-11 should be studied.

Proposal:

· Study the feasibility of IFDMA for DMRS considering efficient CoMP and MU-MIMO.

Table 1 Comparison of UL DMRS orthogonal schemes 

	factors
	orthogonal scheme

	
	CS (Rel-8)
	CS+OCC (Rel-10)
	CS+OCC+IFDMA

	(A) Orthogonality loss by delay spread
	Baseline
	Small
	Small

	(B) Orthogonality loss by Doppler frequency
	Baseline
	Large
	Same as CS

	(C) Affinity to frequency hopping
	Good
	Bad
	Good

	(D) Impact to Tx BW limitation
	No impact
	No impact
	High

	(E) Number of RS resources
	baseline
	double
	double

	(F) Orthogonality among different bandwidth / RB position
	Not orthogonal
	Orthogonal
	Orthogonal

	(G) Orthogonality with different root sequences
	Not orthogonal
	Orthogonal
(only when SGH is disabled)
	Orthogonal

	(H) Number of multiplexing between UEs with different BW/RB allocation/root sequence
	0
	2
	more than 2
(depend on RPF and delay spread)

	(I) Backward compatibility with Rel-8/9/10
	Yes
	Yes
	Yes
(need to assign different OCC)


2.2. SRS

In Rel-10, many mechanisms of dynamic aperiodic SRS (A-SRS) were discussed, but finally, only the simplest mechanism survived due to lack of time. Especially regarding frequency hopping for A-SRS, we believe this feature is mandatory to achieve efficient and backward compatible operations. Furthermore, the cell-edge gain by frequency hopping has already been shown in [2] even in the case of A-SRS. Therefore, the current A-SRS mechanism seems to be “incomplete”, thus A-SRS enhancement is mandatory work in Rel-11. 

In addition, we should keep in mind that the assumption is different from Rel-10. Namely, the main motivation for SRS enhancement for Rel-11 is support of MIMO. However in Rel-11, DL and UL CoMP would be the focus it is unclear that the Rel-10 mechanism can support these functionalities efficiently. Therefore in Rel-11, we should consider the best design much friendlier to CoMP operation. Therefore, we propose to resume the study of the following items to figure out whether they are beneficial for DL/UL CoMP operation:

· Trigger by DCI format 1A

· Only one-state is available to trigger A-SRS in Rel-11. 

· Considering the use of A-SRS for CoMP, it should be studied further whether multi-state is necessary or not.

· Frequency hopping with or without multi-shot SRS
· Frequency hopping is a mandatory feature for A-SRS, thus should be supported in Rel-11.

· The introduction of multi-shot A-SRS should be determined based on performance. The simulation assumptions (e.g. typical transmission interval and traffic model) should be aligned.

· Sounding via DMRS
· The main motivation to introduce this feature is how to treat the depletion of SRS resources. This would be more conspicuous because of inter-cell coordination of SRS resources. 
· Group Triggering of A-SRS

· This mechanism was not discussed in Rel-10 at all due to lack of time. The mechanism should be studied in Rel-11 taking DL/UL CoMP into account. 

3. Conclusion

In this contribution, we shared our views on UL RS proposed enhancements in Rel-11. Our proposals are summarized as following:

Proposals:

· DMRS

· Introduction of IFDMA should be studied for efficient CoMP/MU-MIMO support.

· SRS

· At least, frequency hopping should be supported in Rel-11.

· Otherwise, A-SRS would be left as incomplete feature.

· Study the enhancements taking DL/UL CoMP operations into consideration.
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