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Introduction
In this contribution we discuss a block reference signal design that utilize cyclic time-shifts to separate channels in multi-layer data transmissions. A block RS design can provide MU-MIMO scheduling flexibility in terms of separating channels even when scheduling bandwidths are partially overlapping. The use of cyclic time-shifts is of particular interest for supporting spatial multiplexing where reference signals are transmitted within one OFDM symbol. One use case could be spatial multiplexing in conjunction with front loaded DM-RS transmissions for early decoding [1]. Concatenation of sequences can negatively impact CM and PAPR; an aspect addressed in this contribution.
Discussion
The construction of orthogonal reference signals via cyclic time-shifts of a base sequence is used in LTE UL to perform spatial multiplexing. A prerequisite for obtaining orthogonality via cyclic time-shifts is thus that reference signals are derived from the same base sequence. A base sequence in LTE refers to an extended Zadoff-Chu sequence of length given by the resource allocation and with root index given by sequence-group number and associated group index. In principle, the base sequence can refer to any sequence with desirable reference signal characteristics which typically means good auto- and cross correlation properties, constant amplitude in the frequency domain and time domain signals with CM or PAPR not worse than data.
Observation 1: Correlating two reference signals constructed via different cyclic time-shifts of same base sequence yields the desirable property of a pure cyclic phase rotation () in the frequency domain.
The property of obtaining a pure cyclic phase rotation when correlating two reference signals in the frequency domain is essential for separating channels in multi-layer transmissions via cyclic time-shifts. When this property is not fulfilled cross-layer RS interference will be introduced which may severely degrade the demodulation performance. In LTE UL, cross-layer RS interference would occur, as a consequence of , when RSs of different lengths partly overlap or when RSs fully overlap but have been derived from ZC sequences of different root indices.
The need to assign spatially multiplexed UEs with same resource allocation bandwidth and transmitted over same frequency resources for obtaining orthogonality via cyclic time-shifts can be relaxed by introducing a block RS design. In the block design considered here, the system bandwidth is as in LTE divided into a number of blocks in which transmissions of DM-RS/data refer to transmitting one or multiple blocks, i.e. transmissions with a scheduling granularity of one block. A major difference from LTE is though that a base sequence is assigned to each block instead of being assigned to the concatenated blocks. With this design, cyclic time-shifts can be assigned as in LTE but the overall base sequence is constructed by concatenating a set of shorter base sequences such that overlapping blocks will face the same short base sequences. Such block RS design leads to piecewise orthogonality in the sense that the desirable property of  is preserved even when transmissions partly overlap in the frequency domain. Spatial multiplexing with and without a block RS design is illustrated in Figure 1. On the left hand side of this figure, resource allocations fully overlap as a request for obtaining orthogonality via cyclic time-shifts of a base sequence in LTE. On the right hand side of this figure, a block RS design is considered which can relax the request of fully overlapping resource allocations since the UEs use the same base sequence within the overlapping blocks (but different cyclic shifts). Thus, the receiver matched filtering step will not introduce cross-layer RS interference.
Observation 2: With a block RS design, the desirable property  can be preserved even when resource allocations partly overlap.
In general, using the same short base sequence in all blocks could result in excessively high CM and PAPR so it is desirable to avoid concatenation of highly correlated sequences. One way of avoiding concatenation of highly correlated sequences would be to simply base the block RS design on QPSK and pseudo-random sequences with different seeds for each block. As this is similar to the design of DM-RS in LTE DL the CM and PAPR of the block RS would evidently be on pair with data transmissions in an OFDM based system. A second way of avoiding highly correlated sequences would be to use ZC sequences of equal lengths and assign each block with a unique root index. A precondition with such an approach is that the length of the ZC sequence exceeds the total number of blocks. In an LTE numerology with 1200 subcarriers this precondition would be fulfilled by dividing the system bandwidth into 25 blocks where each block then consists of short base sequences of 48 subcarriers that have been derived from ZC sequences of length 47 and with 25 root indices selected out of 46. In the context of LTE and CRS, a scheduling granularity of 4 RBs could be seen to be too large in some applications but with DM-RS such granularity could be needed for obtaining acceptable demodulation performance.
In Table 1, the relative CM and PAPR with respect to OFDM (QPSK, IFFT of length 2048) are depicted for a 48 subcarrier extended ZC sequence based block RS design with 25 blocks. In the block RS design, 25 non-equal root indices are selected from the set  where the average is then taken over a large number of possible block combinations. Two cases with block RS transmissions are considered, here referred in Table 1 to as “consecutive” and “non-consecutive”, respectively. In the “consecutive” case all 25 blocks are allocated whereas in the “non-consecutive” case 5 blocks out of the 25 blocks are allocated randomly for transmission. The block RS design are compared with the corresponding relative CM and PAPR obtained when using LTE UL DM-RS for a 100 RB allocation (averaged over the sequence-groups). As can be seen from this table, the relative CM and PAPR of the block RS will be degraded in comparisons with LTE UL DM-RS but will not be worse than OFDM based data transmission irrespective of whether blocks are concatenated consequtively or non-consequtively.
Observation 3: In an OFDM based system, a block RS design based on ZC sequences can generate time domain signals with lower CM and PAPR than data.
The numbers within parenthesis in Table 1 correspond to the case of transmitting one block in which the CM and PAPR are significantly lower than data. When RS and data are time-multiplexed within a TTI, an RS design with significantly lower CM and PAPR than the data enables RS power boosting without taking power from the data. One scenario where such power boosting could be beneficial is at the cell edge where coveraged limited UEs typically transmit data over small resource allocations.
Observation 4: For small resource allocations, a block RS design based on ZC sequences can generate time domain signals with CM and PAPR that are significantly lower than obtained with a block RS design based on QPSK.
Proposal 1: Consider a block RS design that can provide MU-MIMO scheduling flexibility in terms of separating channels via cyclic time-shifts even when scheduling bandwidths are partially overlapping
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Conclusion
In this contribution we discussed a concatenated block RS design that can provide MU-MIMO scheduling flexibility in terms of separating channels via cyclic time-shifts even when scheduling bandwidths are partially overlapping. The following observations were made:
Observation 1: Correlating two reference signals constructed via different cyclic time-shifts of same base sequence yields the desirable property of a pure cyclic phase rotation () in the frequency domain.
Observation 2: With a block RS design, the desirable property  can be preserved even when resource allocations partly overlap.
[bookmark: _GoBack]Observation 3: In an OFDM based system, a block RS design based on ZC sequences can generate time domain signals with lower CM and PAPR than data.
Observation 4: For small resource allocations, a block RS design based on ZC sequences can generate time domain signals with CM and PAPR that are significantly lower than obtained with a block RS design based on QPSK.
Based on the above observations, the following proposal was made:
Proposal 1: Consider a block RS design that can provide MU-MIMO scheduling flexibility in terms of separating channels via cyclic time-shifts even when scheduling bandwidths are partially overlapping
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