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1 Introduction
The working assumption on PUSCH DMRS enhancement in Rel.11 was agreed as follows [1]:
· UE-specific configuration of base sequence
· UE-specific configuration of CS hopping
· FFS whether the base sequence and CS-hopping are independently configured
· consider resulting UL DMRS capacity in either approach
· consider compatibility with inter-point interference randomization
· FFS whether configuration is semi-static or dynamic
· base sequence and CS hopping configurations may be different
· coexistence of legacy UEs should be taken into account
· consider signalling overhead of either approach
· consider resulting UL system throughput from either approach 
· Additional enhancements may be considered, e.g., study methods for inter-cell interference randomization and capacity enhancement, other methods for inter-cell orthogonality.
The UE-specific configuration of base sequence should be carefully considered since cell-specific base sequences have already been used by legacy UEs. In this contribution, we discuss potential ways to configure UE-specific base sequence to Rel.11 UE. 
2 Rel.8-10 cell-specific base sequence group
In Rel.8-10, 30 base sequence groups are defined and cell-specifically assigned. A sequence-group number u in a time slot ns is given by [2]
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where fgh(ns) is a group hopping pattern given as
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with c(i) being a pseudo-random (PN) sequence whose initial value is 
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 is the cell ID of the serving cell. fss is a sequence-shift pattern differs between PUCCH and PUSCH as
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with 
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 being a cell-specific parameter configured by higher layers.
It can be understood that up to 30 cells share the same hopping pattern fgh(ns) where each cell may have different sequence-offset value fss. For the sake of convenience, cluster of cells sharing the same hopping pattern is called cell-cluster in this contribution. Since there are totally 504 cells having different cell ID, 17 cell-clusters are deployed in the network.
The assignment of Rel.8-10 cell-specific base sequence group is summarized as follows:

· In each time slot, base sequences assigned to all the cells in the same cell-cluster can be different. Therefore, same base sequence is not likely to be used by neighboring cells and hence, strong interference due to DMRS sequence collision among neighboring cells can be avoided.
· Different hopping patterns are assigned to neighboring cell-clusters. Although the same base sequence is reused by neighboring cell-clusters, its interference is weakened by path loss. Furthermore, different hopping patterns make such interference being randomized. 
3 Rel.11 UE-specific base sequence configuration
3.1 Use cases and requirements for UE-specific base sequence configuration

In Rel.11, base sequences can be UE-specifically assigned to maximize the CoMP gain/capacity. In CoMP scenario 3 where each RRH in macro cell has its own cell ID, UE-specific base sequence assignment for DMRS makes fully utilizating DMRS orthogonality; by assigning the same base sequence to UEs served by different reception points (RPs), their DMRSs can be orthogonal and therefore can be multiplexed by cyclic shift (CS) or orthogonal cover code (OCC). In CoMP scenario 4 where all RPs in a cell share the macro cell ID, interference randomization effect can be utilized; by assigning different base sequences to different MU-MIMO UE groups in the same cell, interference among MU-MIMO UE groups can be randomized. However, as described in Sec.2, all the 30 base sequences have already been assigned to legacy UEs in a cell-specific manner and their hopping patterns have been carefully managed to prevent DMRSs from strong interference due to the sequence collision. Although sequence collision between cell-specific and UE-specific base sequences is unavoidable, extreme care for configuration of UE-specific base sequence is necessary. Figure 1 illustrates the use of UE-specific base sequence in CoMP scenario 4 where it is assigned to some of UEs in each cell. Other UEs including legacy UEs are using cell-specific base sequences of their own serving cells. Several requirements for UE-specific base sequence can be clearly seen:
1. At least, sequence collision with the cell-specific base sequence of the serving cell/RRH should be avoided at any time slot.

2. If possible, it is better to avoid the sequence collision with the cell-specific base sequences of the neighboring cells/RRHs as well. If not possible, sequence collision with cell-specific base sequence should not continuously stay on a specific cell/RRH.
3. fgh(ns) should be aligned to the cell-cluster the serving cell/RRH belongs to, in order to avoid irregular collision of sequence with the serving and/or surrounding cells/RRHs. 

4. Sequence collision among UE-specific base sequences in different cells/RRHs should also be avoided.
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Fig.1.  The use of UE-specific base sequences in CoMP scenario 4.
3.2 Possible UE-specific base sequence configuration
Several assignment methods of UE-specific base sequence are elaborated in this section. The simplest way is to introduce a higher-layer configurable virtual cell ID, referred to as X, and overwrite 
[image: image8.wmf]cell

ID

N

 of Eqs. (1)~(3) by X. Another way is to modify Eq. (1) for UE-specific base sequence to satisfy all the requirements listed above. Details are described below:
Alt.1. The 
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 is overwritten by the UE-specifically indicated X where X is chosen within the range of 0~503.

By indicating X, sequence-shift value fss and/or hopping pattern fgh(ns) can be different from those cell-specifically assigned to the serving cell. In order to avoid strong interference due to sequence collision, the same value of X as 
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 of the serving cell or neighboring cells should not be used. Furthermore, it is better not to use different fgh(ns) from the one cell-specifically used for the serving cell to avoid sequence collision irregularly to cell-specific base sequences. Therefore, the number of available X in practice is small. In CoMP scenario 3, since cell-specific base sequences are assigned not only to macro cells but also to RRHs, the number of available X is more limited. Furthermore, if the configuration of  X is not coordinated among UEs using UE-specific base sequences in different cells and the same X is configured to the UEs, they strongly interfere with each other. 
Alt.2. The 
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 is overwritten by the UE-specifically indicated X where X is chosen 504 and beyond.
In this case, different hopping pattern from existing one is derived when X is beyond 504 according to Eq(2). However, from inter-cell interference point of view, only the same effect as Alt 1 with choosing X which is the same as a cell ID in the different cell-clusters can be achieved. Therefore, configuring X beyond 504 cannot satisfy the 1st and 3rd requirements listed above.
Alt.3. Using a modified equation for base sequence assignment instead of Eq. (1).
As 30 sequences have already been used, sequence collision is unavoidable. Therefore, avoiding continuous collision with a base sequence used for a specific cell’s/RRH is the best way. For instance, following equation can be used:
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where 
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 is a sequence-group number which is UE-specifically assigned and 
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 is a sequence-shift pattern of the UE-specific base sequence. 
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 is aligned with the serving cell/RRH. 
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 is an arbitral function of ns satisfying 
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 for any ns, e.g.,
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where 
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. z can be configurable parameter if needed. In this example, thanks to the term ns in 
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, the same sequence as the one cell-specifically used in neighboring cells/RRHs is not continuously used; in other words, the cell-specific base sequence which collides with the UE-specific base sequence is changed slot-by-slot. Additionally, the UE-specific base sequences used in different cells/RRHs can be different if the value of fss is different. Therefore, interference due to sequence collision can be randomized. On the other hand, if fss of Eq. (3) is aligned among different cells/RRHs by properly setting ss, the UE-specific base sequence can be the same to be orthogonalized among different cells/RRHs. If z is a UE-specific parameter, such randomization/orthogonalization can be UE-specifically realized since it enables UE-specific sequence-shift offset. 
Instead of slot-by-slot hopping, subframe-by-subframe hopping can also be used to utilize the orthogonality by OCC, e.g.,
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4 Conclusion 

We elaborated potential configurations of UE-specific base sequence. Conclusion is summarized as follows:
· A simple configuration of UE-specific base sequence, e.g., replacing 
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 by UE-specifically indicated virtual cell ID is not sufficient for uplink DMRS since strong interference is caused by sequence collision with cell-specifically used DMRS in the serving cell or neighboring cells. In addition, even if replacing 
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 by a value beyond 504, additional effect can not be obtained. 
· We propose to modify sequence-shift value fss as 
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 for UE-specific base sequence, where 
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 is the sequence-shift hopping pattern in time. Group hopping pattern fgh(ns) of the UE-specific base sequence is identical to the cell-specific pattern of the serving cell/RRH. The proposal has the following properties:
· UE-specific base sequence does not collide with the cell-specific base sequence used in the serving cell/RRH at any time slot since 
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 is always different from the cell-specific fss while fgh(ns) is identical.
· UE-specific base sequence changes the value of sequence-shift value 
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 slot-by-slot. Therefore, strong interference due to sequence collision to surrounding cells/RRHs does not stay on a specific cell/RRH. The sequence-shift value 
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 can be changed subframe-by-subframe as well.
· Among UEs in different cells/RRHs in the same cell-cluster, if the cell-specific values of fss are aligned/not aligned, their UE-specific base sequences can be the same/different. By using a parameter z, such operation can be done in a UE-specific manner.
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