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1	Introduction
The progress of the UL IRC WI [1] work has reached the stage to define and specify detailed assumptions [2] for simulation work.  The DMRS sequences for serving and interfering cells have not been defined in the simulation assumption [2].  Although the choice of DMRS might not have significant impact on MMSE-IRC performance, it is an important parameter for conformance test of BS MMSE-IRC.
In the last RAN4 meeting, many agreements have been reached in the ad-hoc meeting [3]. On DMRS, it is agreed that 
· DMRS bases sequence:
· Use the different base sequences for serving UE and interference UEs.
In this paper, we provide some analysis on the background of UL DMRS design.  Our views on the choice of UL DMRS sequences are provided for MMSE-IRC tests for UE in serving and interfering cells.

2	UL demodulation reference sequence (UL DMRS)
The LTE’s UL DMRS (demodulation reference symbol) sequence is based on cyclic extension of Zadoff-Chu sequences. From 36.211 [4], the definition of UL reference signal sequence is provided here (Section 5.5.1 of 36.211):




Reference signal sequence  is defined by a cyclic shift  of a base sequence  according to 





where  is the length of the reference signal sequence and. Multiple reference signal sequences are defined from a single base sequence through different values of .


… the base sequence  is given by



where the  root  Zadoff-Chu sequence is defined by



when the length of the base sequence is equal to or greater than .


The base sequence is a cyclic extension of Zadoff-Chu sequence with length of .  Each base sequence is uniquely identified by , which defines the group number  and base sequence number  (0 or 1) within the group.

There are 30 groups of base sequence in LTE, where the sequence-group number .  Within each group, different phase-rotated sequences are used with different cyclic shift .
The sequence-group number  in one slot , as specified in 36.211 [4], is determined by the group hopping pattern  and sequence-shift pattern , as

Only the sequence-shift pattern  is related with cell ID, which is determined by

and

where  is configured by higher layers. 
Note that the sequence-group number  is determined by the group hopping pattern and the sequence-shift pattern.  The sequence-shift pattern  is directly related with cell ID; and it is also configurable by network.  Therefore, the sequence-group number  is under control of eNB network.
In summary, the UL DMRS sequence is based on cyclic extension of Zadoff-Chu sequence.  Each DMRS sequence is a cyclic shift (with cyclic shift ) of a base sequence.  One DMRS base sequence belongs to one of the 30 sequence-groups. We also observe that:
Observation 1:	The sequence-group number is related to the cell-ID and it is assigned by the network.

2.1	Cross-correlation property of inter-cell UL DMRS
Zadoff-Chu sequence has very good cross-correlation property.  The cross-correlation of two different base sequences typically has relatively low but still non-zero values.  However, the DMRS sequences of different cyclic shifts from the same base sequence can be completely orthogonal; meaning that the cross-correlation between two DMRS sequences is zero.  Usually there are 12 orthogonal DMRS, given that the cyclic shift , for .
The perfect DMRS cross-correlation indicates that there will be no DMRS interference over an AWGN or frequency non-selective channel.  For UL IRC algorithm, where channel estimation is based on the DMRS symbol, this ensures good channel estimation performance.
Since the DMRS sequence-group number  is controlled by the network, with cell planning, the network can ensure that
· The sequence-group for PUSCH (with cell-ID and sequence-shift pattern) can be kept same for neighbor cells.
· If sequence-group hopping is enabled, the cell-ID of neighbor cells can be configured so that the same group-hopping pattern is used for neighbor cells.

However, for some network scenarios, different sequence-group numbers may be applied for neighbor cells.  Different sequence-group numbers may be assigned for neighbor cells.  
Proposal 1:	For homogenous network scenario, use same sequence-group number for serving and interfering cell DMRS.
Proposal 2:	For het-net scenario, use different sequence-group number for serving and interfering cell DMRS.

3	Conclusions
This contribution provides some analysis on the DMRS selection for MMSE-IRC.  In summary, the UL DMRS sequence is based on cyclic extension of Zadoff-Chu sequence.  Each DMRS sequence is a cyclic shift (with cyclic shift ) of a base sequence.  One DMRS base sequence belongs to one of the 30 sequence-groups. We also observe that:
Observation 1:	The sequence-group number is related to the cell-ID and it is assigned by the network.
Based on the observation, for the MMSE-IRC tests, we propose that
Proposal 1:	For homogenous network scenario, use same sequence-group number for serving and interfering cell DMRS.
Proposal 2:	For het-net scenario, use different sequence-group number for serving and interfering cell DMRS.
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