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1 Introduction

It is expected the uplink reference signal (UL RS) shall be able to support reliable UL transmission with higher Doppler rates, UL SDMA application and the operation of UL coordinated multi-point transmission/reception (CoMP) according to the requirements for LTE-Advanced [1]. Some considerations on UL RS have been stated in [2, 3]. This document mainly focuses on the issue of PUSCH DM RS design for UL CoMP.
2 Requirement on the UL Demodulation RS in UL CoMP
In TR36.814 [1], the description of the UL CoMP is as follows:

Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated points. Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions can be coordinated among cells to control interference and may have some RAN1 specification impact.
In UL CoMP, the signal from one UE will be received by multiple cells, and only one of them is the cell that UE is registered, all the other cells are the adjacent cells assisting the signal processing. All the cells involved in severing the UE called the active CoMP set, and the UE registered cell is called anchor cell. The CoMP user and Non-CoMP user could be transmitted at the same time in normal subframes. So the PUSCH resource collision will occur in some scenario as showing in Fig.1:
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Fig. 1 Example of the DMRS in UL CoMP
Supposing UE1 is registered to Cell B, and UE1 is a UL CoMP user, its active CoMP set is Cell B and Cell C, i.e. the signal from UE1 can be received by Cell B and Cell C. The Cell B and Cell C construct an active CoMP set . In order to support CoMP MU-MIMO, Cell B and Cell C may share the orthogonal PUSCH RS resource [4]. For Cell C itself, the MU-MIMO involving CoMP users and Non-CoMP users should also be supported. The scheduler of Cell C may allocate the same time-frequency resource to UE2 which is not a UL CoMP user. This may lead to the PUSCH RS collision between UE1 and UE2 in Cell C. To make sure the demodulation performance, we have to carefully design the PUSCH DMRS both for UE1 and UE2. One rational way is to keep the cross correlation of the PUSCH DMRS of UE1 and UE2 very low to improve the channel estimation. We will show several schemes as follows when considering the PUSCH DM RS design for UL CoMP.
Scheme 1: orthogonal PUSCH DM RS

The PUSCH DM RS for CoMP user and Non-CoMP user is orthogonal to each other. No multi-user interference will be introduced into the channel estimation. This scheme could get the best performance of UL CoMP.
Scheme 2: non-orthogonal PUSCH DM RS
The PUSCH DM RS for CoMP user and Non-CoMP user is non-orthogonal. Because the cells within the active CoMP set share the same sequence group to make sure the orthogonality among the CoMP users, the cross correlation of the DM RS between CoMP user and Non-CoMP user is very high. So the multi-user interference will be very serious, sometimes the interference will eat up the gain achieved by the UL CoMP. This scheme will lead to the worst performance of UL CoMP. 
3 Investigation on the UL Demodulation RS in CoMP
This section will show some analysis about the PUSCH DM RS design schemes given in section 2.
Scheme 1: Orthogonal PUSCH DM RS 
There are two schemes to realize orthogonal PUSCH DM RS as follows: 
Solution A: FDM between CoMP user and Non-CoMP user
This scheme allocates resource exclusively for CoMP user, the resource occupied by one CoMP user can’t be allocated to the other users. However this scheme adds too much constraint on the scheduler of the CoMP which will lead to low spectrum efficiency. 
Solution B: CDM between CoMP user and Non-CoMP user

This scheme is a CDM method as shown by the blue box in Fig.1 (b). eNB allocates the same sequence group for all the users within the active CoMP set. This can be achieved by the parameter
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 configured by higher layer as in LTE, at one slot the sequence-group used by these cells is identical as the example showing in Fig.1 (a), Cell B, C, D are assigned Group#1 and shift@0, shift@3, shift@6 respectively at the current slot. This scheme also need coordinated scheduler within the active CoMP set to guarantee the CoMP user and Non-CoMP user have the same resource allocations to obtain the benefit of minimized interference from the orthogonal DMRS. In this way, all the users within the active CoMP set use the same root sequence with different cyclic shifts. Just as the example in Fig.1 (b), the DMRS of UE1/UE2/UE3 are orthogonal. However, the general deployment of UL CoMP consists of many cells (>3), such method will impose tight restrictions on the scheduler and make scheduler inflexible.
Scheme 2: Non-orthogonal PUSCH DM RS
The UEs from the different cells within the active CoMP set share the same sequence group, but with different numbers of RB allocation, this will lead to serious inter-cell interference, since the sequences of different lengths they used are from the same sequence-group which are selected based on high cross-correlation criterion. As the example in Fig.1 (b), the DMRS of UE7/UE8/UE9 will produce high interference. For this high-interference scenario, a further analysis is given below.

Assume the DMRS of UE7/UE8/UE9 are with 3RB/4RB/9RB allocations respectively as shown in Fig.1 (b). And the sequences and the cyclic shifts they used at the current slot are list in Table 1. The cross-correlation between these sequences is shown in Fig.2. High cross-correlation values are generated: the peak cross-correlation is 0.98 between 3RB RS and 4RB RS, 0.96 between 3RB RS and 9RB RS, 0.68 between 4RB RS and 9RB RS, which will affect the channel estimation and degrade the BLER performance as showed in Appendix. The reason can be seen from the bottom figure of Fig. 2, when 3RB RS is interfered by 4RB RS in the single-path channel, the eNB can not separate the interference RS at all. 
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Table.1 Info of sequences used by UE7/UE8/UE9
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Fig. 2 cross-correlation between the RSs of UE7/UE8/UE9


Although no constraint has been put on the scheduler as in section 3.1, high interference can be seen in this situation. There are two solutions to solve the problem described above as follows:
Solution A: Interference Randomization
Some interference randomization could be introduced to alleviate the interference here. No constraint on the scheduler is a very obvious advantage of this solution. Some new optimized PUSCH DM RS schemes could also be introduced for the UL CoMP.
Solution B: Shift Coordination
If shift coordination method between the sequences of different lengths could be found, the high interference could also be avoided. To achieve this target, we must carefully consider the sequences lengths, resource overlapping modes, cyclic extension……. This method seems too complicated to implement with low cost.
4 Conclusion  

Based on the above discussion, when the uplink CoMP is introduced into the LTE-A, DM RS should be carefully designed considering the interference coordination and the scheduler flexibility. Therefore it is necessary to investigate the DM RS design in LTE-Advanced.
5 Text Proposal on Uplink Reference Signal

--- Start text proposal ---
6.3 
Uplink Reference Signal
Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated points. Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions can be coordinated among cells to control interference and may have some RAN1 specification impact. Taking the DMRS interference issue introduced by Uplink CoMP into consideration, uplink DMRS design should be considered in LTE-A. (Editors note: This can be refined as for the downlink section)
--- End text proposal ---
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7 Appendix
BLER performance can be degraded about 2dB when the two RSs produce high cross-correlation. The simulation assumption is listed in Table 2, and the sequences used by the 3RB RS and 4RB RS are list in Table 1. In this comparison, another two sequence-pairs of 3RB RS and 4RB RS from the different sequence-groups are selected with peak cross-correlation of 0.46 and 0.57.  
Table 2. Simulation parameters

	Parameters
	Value

	Carrier frequency
	2GHz

	Bandwidth
	5MHz

	Modulation & Channel  coding
	QPSK, Turbo R=1/2

	Desired RB
	3RB

	Interference RB
	4RB(1 dominant interference)

	SNR
	10[dB] (Fixed)

	Channel estimation
	DFT based interpolation with Hanning window

	Channel model/speed
	TU6 / 30km/h

	Number of antennas
	Tx1, Rx 2 (MMSE receiver)
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Fig. 3 BLER performances under different peak cross-correlation values
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