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1. Discussion

The LTE downlink cell-specific reference signal sequences corresponding to antenna port 0 to 3 should, according to [1], be based on “pseudo-random” sequences, in some cases in combination with orthogonal sequences. The number of pseudo-random (PR) sequences has been agreed to be 504 (out of which 168 are used when combined with orthogonal sequences). However, the following issues are still open in the specification:
· The time-domain periodicity of the PR sequences

· The frequency-domain structure for the different LTE downlink bandwidths

· The details of the PR sequence generation

· The relation between the PR sequences of the different antenna ports

1.1. Time-domain periodicity

Taking into account that the downlink reference signals are needed for channel estimation for PBCH detection and only frame timing is known before the BCH has been decoded, it seems reasonable to assume that the downlink reference signals, and thus also the pseudo-random sequences, have a time-domain period of one frame.
1.2. Frequency domain structure

The downlink reference signals should be well-defined for any downlink transmission bandwidth ranging from the minimum LTE downlink bandwidth, corresponding to six resource blocks, up to the maximum bandwidth, corresponding to 110 resource blocks. It is proposed that the pseudo-random sequences are defined assuming a downlink bandwidth corresponding to 110 resource blocks, i.e. a total sequence length of 40×220 = 8800. In case of a smaller bandwidth, only the reference symbols corresponding to resource blocks within the actual transmission bandwidth are being transmitted.
1.3. Detailed sequence generation

In terms of more detailed sequence generation, we proposed to reuse the generator used for the WCDMA downlink scrambling codes [2]. The WCDMA downlink scrambling-code generator can generate 262143 sequences (out of which a subset is used). It is proposed that these sequences, more specifically the sequences with index 0 to 503 truncated to length 8800, are used as the LTE reference-signal pseudo-random sequences. It is further proposed that these sequences are mapped to the reference-signal resource elements frequency-domain first.

Note that, for MBSFN subframes, only a subset of the elements of the reference-signal sequences (corresponding to the reference symbols in the first OFDM symbols) would be transmitted.
1.4. Reference-signal sequence for antenna port 1

There does not seem to be any reason to have different reference-signal sequences on antenna port #1 and #0 within a cell. Thus it is proposed that, within a cell, the reference-signal sequence of antenna port 0, including the pseudo-random sequence, is reused for antenna port 1. 

1.5. Reference-signal sequences for antenna port 2 and 3

Similar to antenna port 1, it is proposed that the reference-signal sequence for antenna port 0, including the pseudo-random sequence, is reused for antenna port 2 and 3. However as the number of reference symbols on antenna port 2 and 3 is only half that of antenna port 0, only reference symbols i(440 + k, where i=0, … 19 is the slot number and k=0, …, 219, should be transmitted on antenna port 2 and 3.

1.6. MBSFN reference signals

It is proposed that the same set of sequences is also used for the MBSFN reference signals. In this case, the reference signals should depend on the MBSFN area ID (range TBD). Furthermore, as MBSFN transmissions for a given MBSFN area are typically limited to a certain subframe, it would make sense to limit the MBSFN reference-signal sequence to a single cell.
2. Proposals
The following is proposed for the pseudo-random sequence  used as part of the cell-specific downlink reference signals

· The sequences have a time-domain period of one frame 

· The sequences are defined based on a downlink bandwidth corresponding to 110 resource blocks, i.e. have size 40×220 = 8800 symbols. In case of smaller downlink transmission bandwidths, only the reference symbols corresponding to the resource blocks within the actual transmission bandwidth are transmitted

· The sequences are generated based on the WCDMA downlink scrambling code generator and mapped in the frequency-domain first.

· The same sequences are used for antenna port 0, 1, 2, and 3 with only half the elements actually being transmitted fort antenna port 2 and 3.

For the MBSFN reference signals the same set of sequences are used. 
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