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Discussion / Decision
1.
Introduction
Uplink coordinated multi-point reception is expected to have very limited impact on RAN1 specifications [1]. In [2] and [3], limitations of LTE Rel’8 uplink demodulation reference signal (DM RS) from the CoMP viewpoint were discussed, and the potential need for re-designing UL DM RS was pointed out. In this contribution, we consider the use of existing Rel’10 DM RS from the viewpoint of CoMP. This is a revised resubmission of R1-111739.  
2.  Rel’10 DM RS limitations for CoMP
Rel’10 allows for two PUSCH DM RS sequence group configuration schemes over adjacent cells: 

· different sequence groups or sequence group hopping patterns are used in adjacent cells. 
· same sequence group or sequence group hopping pattern is used in adjacent cells that are capable and configured to UL CoMP reception. A set of such cells is referred here as a UL CoMP cooperation set. 
When different sequence group hopping patterns are used in adjacent cells, DM RS cross-correlations between DM RS sequences are close to the one of random sequences. While this is acceptable in normal UL transmission, it can have degrading impact on the UL CoMP performance and limit the UL CoMP gain.

When the same sequence group is used in all cells within the UL CoMP set, the use of cyclic shifts provides a set of nearly orthogonal DM RSs. 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 using orthogonal DM RS. If the restriction is not followed, cross-correlations between sequences of different lengths from the same sequence group reach occasionally very high values [2].  These high cross-correlations were noted during Rel’8 work item, and such sequences were grouped into the same sequence groups. Thus, the use of Rel’10 DM RS in a inter-cell orthogonal manner imposes additional scheduling restrictions over the cells. Such scheduling restrictions can have degrading impact on the UL CoMP gain. On other hand, CoMP reception does not likely involve all terminals in the cell and there is no need to configure inter-cell orthogonal DM RS for those UEs. In that case, inter-cell interference randomization for DM RS is degraded and high DM RS cross-correlations are occasionally faced. 
Release 10 allows to use UE specific orthogonal cover code for orthogonalization of reference signals between two different bandwidth allocations with the restriction that sequence group hopping must be disabled. Although this kind of second-order flexibility is sufficient for UL MIMO operation within a cell, it is probably not enough for CoMP operations especially with large CoMP cooperation set.
3.  Performance comparison 
In this section, cell edge and average throughput performance is compared between UL CoMP DM RS designs of  

· single sequence group used in UL CoMP cooperation set 

· cell-specific sequence group hopping patterns.
The used simulation assumptions are aligned with [4] and main parameters are given in Table 1. The fixed BW allocation aligned over the cells is used in both DM RS designs.
Table 1. Simulation assumption

	Parameter
	Values used for evaluation

	CoMP Scenario
	1

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB
	2 

	UL power control
	Po=-84, alfa=0.8

	UL receiver type
	MMSE-SIC

	Channel estimation
	Practical filter, length 24 sub-carriers

	BW allocation
	6 PRB per UE, aligned over the cells


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, used channel estimation method does not assume accurate knowledge of the second order statics of radio channel. 
Cell edge and average throughput values are presented in Figure 1. It can be easily noted that the UL CoMP gain on cell edge nearly vanishes with the use of cell-specific sequence groups, that is, with use of non-orthogonal DM RS. Orthogonal DM RS, obtained with the use of single sequence group in a CoMP set, provides considerable performance gains over the use of cell-specific sequence groups not only on the cell edge but also in the average throughput. 
Thus, to achieve considerable UL CoMP gains, orthogonal or nearly orthogonal DM RS are needed within the UL CoMP cooperation set. Orthogonal DM RS can be obtained already with Rel-10 by the use of single sequence group  in a UL CoMP set – at the price of scheduling restrictions.
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Figure 1. CoMP gain comparison between single and cell-specific sequence groups
4.  UL CoMP evaluation aspects
Simulation results show that UL CoMP gain is very sensitive for inter-cell orthogonality of reference signal.  Further, it was pointed out that inter-cell orthogonal reference signal imposes significant scheduling restrictions. Hence, some standard related enhancements may be needed in order to get full benefits of UL CoMP deployment. However, a baseline UL CoMP operation with inter-cell orthogonal DM RS can be supported without any standardization impact.  
Main standard related CoMP enhancements for PUSCH are related to reference signal arrangement. Hence, the benefits are visible only via channel estimation improvements. Obviously, gain from inter-cell orthogonal reference signal cannot be evaluated at all when channel is assumed to be known at receiver site. Further, the performance gain can be expected to depend a lot on the channel estimation method itself. Thus, UL CoMP enhancements, especially those related to reference signals, need to be evaluated by using or assuming channel estimation method that is feasible in practise. For example, LMMSE channel estimation utilizing  all pilot samples and full knowledge of the second order statics of radio channel can not seen as a feasible estimation method.  
Further, the potential standard changes, e.g., those outlined in [2] and [3], need to be justified by performance benefits over the both  DM RS schemes mentioned, that is, use of single sequence group in UL CoMP set and use of cell-specific sequence groups. Traffic modelling would also be beneficial in order to obtain solid understanding on the effects of scheduling restrictions related to the inter-cell orthogonal DM RS scheme supported by Rel’10.
5.  Summary
In this contribution, we discussed the uplink Rel’10 DM RS limitations from the viewpoint of UL CoMP. We considered the Rel’10 DM RS design in terms of cell edge and average throughput performance. Simulation results show that in order to achieve considerable UL CoMP gains, orthogonal or nearly orthogonal DM RS are needed within the UL CoMP coordination area. 
In Rel’10, the orthogonal DM RS can be obtained by the use of single sequence group in a UL CoMP coordination area, at the price of scheduling restrictions. Thus, we see that 
· Rel’10 DM RS design supports a baseline UL CoMP operation with inter-cell orthogonal DM RS. However, due to the inherent limitations, there is potential for improvement justifying for further investigations.
· Evaluation of scheduling restrictions’ impact over the UL CoMP area would be highly beneficial in order to get solid understanding of  UL CoMP performance with Rel’10 DM RS and related limitations. We note that UL CoMP performance evaluations need to be made by assuming a practical channel estimation method at the receiver. 
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