3GPP TSG RAN WG1 Meeting #50
R1-073628
Athens, Greece, August 20 – 24, 2007
Source:
Panasonic 
Title:
Frequency dependent PUSCH DM-RS generation method with considering eNB-specific allocation
Agenda Item:
7.2.2
Document for:
Discussion and Decision
1. Introduction

In this paper, we show the BLER performance difference between cell-specific DM-RS allocation and eNodeB-specific DM-RS allocation. We confirm a way forward in Kobe meeting, eNB-specific sequence allocation, has performance benefit. 

In next step, we discuss the orthogonality problem when transmission frequency band offset and cyclic shift sequence are particular relation in eNB-specific sequence allocation. We propose to have the limitation on the sequence selection relating the number from DC subcarrier in order to avoid this orthogonality problem.
2. Discussion

2.1. Cell-/eNB-specific DM-RS allocation
The same DM-RS sequence and different cyclic shifts allocation among frame synchronized cells/sectors, i.e. eNodeB-specific RS sequence group allocation, has been proposed in several contributions [1] 

 REF _Ref174879104 \r \h 
[2] 

 REF _Ref174868370 \r \h 
[3] . In the Kobe meeting, this sequence allocation was agreed to be supported by implementation manner, namely the same RS group is allocated based on cell-specific signaling and different shifts is used for different cells of the same eNodeB (e.g. if same RS group assigned to the multiple cells) [4] .
· Cell-specific sequence allocation

Different root sequences are allocated among cells/sectors of the same eNodeB and different cyclic shifts of the same root sequences are used within a call (Figure 1(a)).
· eNB-specific sequence allocation

Same root ZC sequence is allocated among cells/sectors of the same eNodeB and different cyclic shifts are allocated among cells. (Figure 1(b)).
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Figure 1 Cell-specific and eNodeB-specific sequence allocation.
From the link level evaluation in Appendix A, eNB-specific RS group allocation achieves around 1 dB better BLER performance at 10% BLER than that of cell-specific allocation for all bandwidths (i.e. 1, 2, 3 and 6RBs) evaluated. Therefore, we propose a way forward of eNB-specific sequence allocation should be a firm agreement. 
2.2. Orthogonality of eNB-specific DM-RS allocation
In eNB-specific allocation, the orthogonality of reference signal among cells relies on the orthogonality of zero-correlation zone of the cyclic shift sequence set. Therefore, this allocation can be applied only to cells with frame synchronization.
The orthogonality of cyclic shift set of the same base sequences requires not only the synchronization in time domain (i.e. frame synchronization) but also the synchronization in frequency domain. The latter requirement has not been discussed so far. Assuming two neighboring cells, we envisage two possible combinations of transmitted frequency band between a UE in cell#1 and a UE in cell#2 with inter-cell interference as shown in Figure 2.
· Case A: UE in cell#1 and UE in cell#2 are allocated on the same frequency band (Figure 2(a)).
· Case B: UE in cell#1 and UE in cell#2 are allocated on the different frequency band but partially overlapped (Figure 2(b)).
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(a) Case A: same band location among cells

(b) Case B: different band location among cells


Figure 2 different relation of transmitted frequency band between cells.

In case A, the orthogonality of two cyclic shift sequences is guaranteed. The delay profiles of each cyclic shift, are occurred within the detection windows of each cyclic shift sequence as Figure 3(a)
Meanwhile, in case B the orthogonality among cyclic shift sequences is not guaranteed, if the frequency independent Zadoff-Chu sequence in equation (1) is used for RS sequence generation. Namely, the delay profile of a cyclic shift sequence is shifted corresponding to the offset of transmitted frequency band, and then the large cross-correlation (interference) is occurred within the window of other cyclic shift sequence as illustrated in Figure 3(b).
	Frequency independent Zadoff-Chu sequence (defined in frequency domain)
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(1)
, where r is root ZC index, m: cyclic shift index, : cyclic shift step, NZC: sequence length.
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Figure 3 Orthogonality collapse of cyclic shift sequences among cells
In order to guarantee the frequency domain synchronization of the reference signal among cells, we propose the frequency dependent RS generation in equation (2), where slight restriction is added to original reference signal equation (e.g. Zadoff-Chu sequence). This restriction is that a start point of the coefficients of ZC sequences is related with the distance form base-subcarriers (e.g. DC sub-carrier)
	Frequency dependent Zadoff-Chu sequence (defined in frequency domain)
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   (2)
, where Noffset is the number of subcarriers from base sub-carrier (e.g. DC sub-carrier)
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Figure 4 An example illustration of frequency dependent RS generation method (in case of 2RBs)
2.3. Link level evaluation

In this section, we evaluate BLER performance of eNB-specific allocation in case B as Figure 2(b). Different simulation condition from evaluation in Appendix A is shown in Table 1. The other condition is same as Table A-1.

Table 1 Simulation condition for evaluation (2)

	Parameter
	Value

	Bandwidth
	2RB (24 sub-carriers)

	Frequency offset between desired and interference signals
	1RB (12 sub-carriers)

	ZC sequence length
	23

	ZC sequence index(r)
	r =10

	Cyclic shift index (m)
	Desired RS: m=0
Interference RS: m=1,2,3,4,5 


Figure 5(a) shows the BLER performance when using frequency independent RS generation as equation (1). Different cyclic shifts of the same ZC sequence are allocated to cell#1 and cell#2. CS index m of interferences signal is used as parameter. From the results, BLER performance is drastically deteriorated when CS index m=6 is allocated to neighbor cell. CS index with bad performance vary corresponding to frequency offset of two reference signals and cyclic shift offset between two cyclic shift sequences.
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Figure 5 BLER performance of eNB specific allocation w/o frequency dependent RS generation
Figure 6 shows the BLER performance when using frequency dependent RS generation as equation (2). In Figure 6(a), different cyclic shifts of the same ZC sequence are allocated to cell#1 and cell#2. CS index m of interferences signal is used as parameter. Figure 6(b) shows the BLER performance with cyclic shift hopping. The other simulation condition is same as the previous evaluation.

From the results, BLER performance degradation due to frequency shift is solved completely. In addition, for BLER performance with CS hopping, proposed ZC generation achieves around 0.7dB better performance than conventional one. 
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 (a) BLER w/o cyclic shift hopping            (b) BLER with cyclic shift hopping

Figure 6 BLER performance of eNB specific allocation with frequency dependent RS generation
3. Conclusion

We discussed Cell-specific and eNB-specific DM-RS allocation and we investigated an issue of eNB-specific allocation, i.e. orthogonality of cyclic shift sequences among cells due to transmission frequency band offset. 

We propose the following frequency dependent RS generation is applied to retain the orthogonality of cyclic shift sequence set among cells/sectors.
	Frequency dependent Zadoff-Chu sequence (defined in frequency domain)
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(2)
, where Noffset is the number of subcarriers from base sub-carrier (e.g. DC sub-carrier).
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Appendix A: BLER performance of Cell-specific and eNB-specific RS group allocation
We confirm BLER performance between of cell-specific and eNodeB-specific allocation as shown in Figure 1 
Simulation condition is shown in Table A-1. Interference signal is added both data and reference signal part to evaluate the BLER performance degradation due to interference. Random sequence hopping and cyclic shift hopping are applied, however RS sequence collision, i.e. same base sequence allocation for cell-specific allocation and same cyclic shift allocation for eNB-specific allocation, are avoided.

SINR vs. BLER performance with QPSK R=1/2 is shown in Figure 3. The interference RS is different base sequences in cell-specific allocation and different cyclic shifts of the same base sequence in eNB-specific allocation, respectively. Case A (i.e same band location among cells) is assumed as transmitted frequency band between cells.

The results show that eNodeB-specific allocation achieve around 1 dB better BLER performance at 10% BLER than that of cell-specific allocation for all bandwidths (i.e. 1, 2, 3 and 6RBs) evaluated.

Table A-1 Simulation condition.
	Parameter
	Value

	RS generation method
	Cyclic-extension of ZC sequence

	Bandwidth
	1, 2, 3, 6RB (12, 24, 36, 72 sub-carriers)

	ZC sequence lenght
	11, 23, 31, 71 (for 1,2,3,6RB, respectively)

	RS sequence index
	Randomly hopped

- different index between desired and interference RS (cell-specific)

- Same index between desired and interference RS (eNB-specifc)

	Cyclic shift index
	Randomly hopped

- different index between desired and interference RS  (eNB-specifc) 

	Number of multiplexed UEs
	2 (both DM-RS and data are interfered)

	Number of available cyclic-shift
	6

	Cyclic shift separation method
	Simple rectangular mask is used after IDFT in time domain

	IoT
	6 dB

	Channel model
	Typical Urban 6-path (mobility: 30km/h)

	Modulation and coding scheme
	QPSK R=1/2, 16QAM R=1/2

	HARQ
	No
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Figure 7 BLER performance of cell-specific and eNB specific sequence allocation (case A).
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