TSG RAN WG1 Meeting #50






 



      R1-073513
Athens, Greece, August 20-24, 2007
Agenda Item:
7.2.5
Source:
Huawei
Title:
Cell-specific mapping of distributed virtual resource blocks.
Document for:
Discussion and decision
1 Introduction

The mapping of virtual resource blocks of distributed type (DVRBs) on resource elements (REs) should be simple, provide diversity and be compatible with the Space-Frequency Block Code (SFBC) [1].  Another desirable feature is that the mapping serves to mitigate inter-cell interference by interference randomization. There are NDPRB physical resource blocks for distributed transmission (DPRBs) in a slot. A DVRB pair is mapped on the REs in Nd DPRB pairs, unless Nd > NDPRB, in which case a DVRB pair is mapped on the REs in NDPRB DPRB pairs [1]. The value of Nd has not yet been agreed.
In our previous contribution [2] a simple mapping scheme was presented based on the notion of cell-specific sub-channels. An important feature of the mapping is that it is valid for any set of physical resource blocks (PRBs) that a DVRB is mapped onto. It was recently proposed on the WG1 reflector that the mapping should be defined on DVRB pairs onto DPRB pairs, where the DPRB pair consists of two PRBs on the same sub-carriers in the two slots of a sub-frame. The mapping of DVRBs in [2] is easily changed into mapping of DVRB pairs.
The mapping of DVRB pairs is compatible with SFBC for transmit antenna diversity due to grouping of REs on adjacent sub-carriers in an OFDM symbol. The number of REs in such a SFBC group should equal the number of symbols in the SFBC block transmitted on the same antenna, i.e. two for two transmit antennas and two or four for four transmit antennas, depending on the adopted transmit diversity scheme. 
If a RE in a SFBC group is allocated to the reference signal the remaining REs in the group cannot carry the modulation symbols of a complete SFBC block and hence cannot be used for data transmission. To avoid such a waste of resources the SFBC groups must not include REs allocated to the reference signal. Since the mapping of the reference signal is not fixed but depends on frequency shift or frequency hopping the SFBC groups and hence the sub-channels are not to be fixed on the resource grid. 

The number of SFBC groups in an OFDM symbol varies depending on whether the reference signal is present in the OFDM symbol or not, which makes a two-dimensional labelling of the SFBC groups inappropriate. We have therefore adopted the same labelling of the REs as in [3] considering only REs that are not used for other purposes than PDSCH so that the SFBC groups are guaranteed not to include REs for the reference signal.  

A DVRB pair is mapped on Np sub-channels located in Np DPRB pairs where Np = min(Nd, NDPRB). Each of the sub-channels is associated with a different sequence from the cell-specific set of sequences. 
A simple mapping requires a simple way to generate the cell-specific sequences. Furthermore, the mapping should provide interference randomization so that the mapping of two VRBs of distributed type in different cells should only have a small overlap, i.e. a small number of hits. In the OFDM study item [4], Costas sequences [5] were proposed for the distributed transmission. Similarly, we propose to derive the sub-channels in E-UTRA from Costas sequences. A Costas sequence and a sequence obtained from it by a shift of the elements and a shift in the value domain have a Hamming correlation of at most one, i.e. they have at most one hit. This property suggests that mappings of two DVRB pairs with sub-channels derived from Costas sequences with different cell-specific cyclic shifts of both the elements and of the values of the sequences may have a small number of hits providing good interference randomization for the distributed transmission.
The frequency diversity is mainly obtained by mapping the DVRB pairs on PRB pairs spread in frequency. Time diversity and additional frequency diversity are obtained from the randomness of the Costas sequences.
2 Cell-Specific Sets of Sub-Channels
The N resource elements not allocated to the control channel or the reference signal in a DPRB pair are labeled from 0 to N-1, in increasing order of first sub-carrier index and then OFDM symbol index. The N resource elements are then divided into NS= N/S SFBC groups, each one formed by S subsequent resource elements where S equals the number of modulation symbols in a SFBC block transmitted on a single antenna.   
Each DPRB pair is partitioned into Np sub-channels, where Np is the number of DPRB pairs containing the REs a DVRB pair is mapped onto. The ith sub-channel in the partition is defined as the set of resource elements in µi SFBC groups:

{si(0), si(1),…, si(µi-1)}, i = 0, 1, …, Np-1,

where
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is the largest integer less than or equal to x, 
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is the smallest integer greater than or equal to x, and 
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 is the ith sequence of length µi in a cell-specific set of sequences. This cell-specific set contains Np disjoint sequences 
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 with unique elements taking values from the alphabet
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The cell-specific sequences 
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 in a cell are obtained from a cell-specific permutation vector πs so that s0 is the first µ0 elements of πs, s1 is the subsequent µ1 values of πs, etc. In that way the sequences 
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 are guaranteed to be disjoint and to have elements from the alphabet 
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. The permutation vector should be cell-specific and be easy to generate for all cell IDs. 
Figures 1, 2, and 3 illustrate the labeling of the resource elements, the labeling of the resource element groups, and an example of a sub-channel. 
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Figure 1 Resource element labeling
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Figure 2 SFBC group labeling for different reference signal positions.
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Figure 3 Example sub-channel given by si={0,3,6,12,24,35,48,51,59,63,65} for different reference signal positions.
The permutation vector πs is derived from a Costas sequence with a cell-specific cyclic shift of the elements and a cyclic shift of the values of the sequence. This allows for simple generation of a large set of cell-specific permutation vectors with a small number of hits between the vectors. 
The permutation vector πs of length NS  is obtained from a Costas sequence z of length P where P+1 is the smallest prime greater than NS.  The Costas sequence z has P unique values in the range from 1 to P and is obtained from the Welch construction: 
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where α is the smallest primitive element of GF(P+1). 

The smallest primitive elements of GF(P+1) for different values of P are given in Appendix A.

Cell-specific sequences zc are obtained by cyclic shifts of the elements and of its values: 
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where c is the physical-layer cell identity (cell ID). By construction, the sequence zc has P unique values in the range from 0 to P-1 and is a permutation vector of length P. Next,  zc is shortened in P- NS steps such that the correlation properties are preserved as much as possible. In each step the element in the sequence with the largest value is removed. It is replaced by the last element of the sequence unless it is itself the last element of the sequence. Hence, after each step the remaining sequence is a permutation vector.

The resulting permutation vector of length NS is the desired permutation vector πs for the cell with cell ID c.
3 Selection of Sub-Channels

A virtual resource block pair of distributed type is mapped on the set of all resource elements in Np sub-channels, located in Np different DPRB pairs. Each of the sub-channels is associated with a different sequence from the cell-specific set of sequences.
It is not yet decided whether NDPRB is known to the UE or not. In the following we give two algorithms for selecting the sub-channels one for NDPRB known to the UE and one for NDPRB not known to the UE.
3.1 NDPRB known to the UE

The DVRB pairs are mapped evenly over the range of DPRB pairs to maximize the frequency diversity. The kth  DVRB pair is mapped on the sub-channels s0  in the l0th DPRB, s1  in the l1th DPRB, etc, where li is given by
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For the kth DVRB pair, two sub-channels with different indices i1 and i2 are guaranteed to be mapped on different DPRB pairs l1 and l2, since 0 ≤ i1, i2 < Np ≤ NDPRB implies that 
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 as shown in Appendix B and thus l1 ≠ l2. Hence the Np sub-channels will be located in Np different DPRB pairs. The mapping (3) is illustrated in Figure 4. Note that NDPRB need not be a multiple of Np.
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Figure 4 Mapping for Np=Nd=3, NDPRB=8. 
3.2 NDPRB not known to the UE

If NDPRB is not known to the UE the DVRB pairs and DPRB pairs are grouped such that there are Nd DVRB pairs in each group of DVRB pairs and Nd DPRB pairs in each group of DPRB pairs as indicated in [6]. Thus in this scheme NDPRB must be a multiple of Nd. Every DVRB pair in a group of DVRB pairs is mapped on the REs in all DPRBs in one group of DPRB pairs. More specifically, the kth DVRB pair in the nth group of DVRB pairs is mapped on the sub-channels s0 in the l0th DPRB in the nth group of DPRB pairs,  s1 in the l1th DPRB in the same group of DPRB pairs etc, where li is given by 
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It is clear from (4) that all the sub-channels are located in different DPRB pairs. The mapping is illustrated in Figure 5 for Nd =3. Since there are at least Nd DPRBs, Np = Nd. The even DVRB pairs form one group of DVRB pairs and the odd DVRB pairs form another group of DVRB pairs. The grouping of the DPRB pairs is analogous. 
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Figure 5 Mapping for Np=Nd=3.
4 Numerical Evaluation
The proposed mapping is evaluated in terms of the probability function of the number of hits between two VRB pairs mapped on the same PRB pairs in two different cells. Simulation parameters are given in Table 1. The number of symbols for the control channel n is 1, 2, and 3 with equal probability. For the non cell-specific mapping, the permutation vector πs is πs(k)=k,  0, 1, …, NS -1, for all cells.

Table 1 Simulation parameters

	Parameter
	Value

	Np
	2,3,6

	Number of antenna ports
	2

	Number of symbols for control channel, n
	1
	2
	3

	Number of SFBC groups, NS
	72
	66
	60
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Figure 6 Probability distribution of the number of hits between two VRB pairs in two different cells, Np =2
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Figure 7 Probability distribution of the number of hits between two VRB pairs in two different cells, Np =3
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Figure 8  Probability distribution of the number of hits between two VRB pairs in two different cells, Np =6  

The probability functions of the number of hits are shown in Figures 6-8 for Np=2, 3, and 6, respectively. From the Figures it is clear that the number of hits is mostly of the order of NS/Np for the proposed mapping, whereas it varies considerably for the non cell-specific mapping. 

The probability of more than NS,max/2=36 hits is shown in Table 2.

Table 2 Probabilities of large number of hits

	Np
	Probability of more than 36 hits

	
	Proposed mapping
	Non cell-specific mapping

	2
	16.3%
	50.0%

	3
	2.0%
	33.3%

	6
	1.5%
	13.0%


It is clear from the Table that the probability of having a large number of hits is reduced dramatically by the proposed mapping, compared to a mapping which is not cell-specific. 
5 Conclusion

Cell-specific mapping using Costas sequences gives a small probability of having a large number of hits between DVRB pairs in different cells and hence mitigates inter-cell interference. The mapping is simple and provides both time and frequency diversity.
It is proposed that the mapping of distributed virtual resource blocks described in Sections 2 and 3 is adopted in TS 36.211.
Appendix A
The smallest primitive elements α of GF(P+1) used in (1) are tabulated in Table 3.
Table 3 Smallest primitive elements of GF(P+1)
	P+1
	11
	13
	17
	19
	23
	29
	31
	37
	41
	43
	47
	53
	59
	61
	67
	71
	73
	79
	83

	α
	2
	2
	3
	2
	5
	2
	3
	2
	6
	3
	5
	2
	2
	2
	2
	7
	5
	3
	2


	P+1
	89    
	97    
	101
	103
	107
	109
	113
	127
	131
	137
	139
	149

	α
	3
	5
	2
	5
	2
	6
	3
	3
	2
	3
	2
	2


Appendix B

If i1 and i2 are two different sub-channel indices, 0 ≤ i1, i2 < Np then 
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Proof: Let 
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