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1.1. Introduction
    It was agreed to support an enhanced DL transmission by employing dual-layer beam-forming in Rel-9 which is extended transmission scheme from single-layer beam-forming of mode 7 in Rel-8. DM RS pattern based on CDM multiplexing of two layers was agreed, but in order to finalize DM RS related specification we would need to design the actual sequence used for DM RS. In this contribution, we take a further look into several possible reference signal sequences and related sequence mapping method for DM RS.
2.1. Orthogonality between RSs
    In general, DM RS for each layer can be multiplexed in several ways such as CDM, FDM and TDM. The agreed CDM multiplexing method as shown in [1], assumes that two consecutive REs in time domain are multiplexed by Walsh code. In this subsection, three methods of generating sequence for set of REs used for each CDM pair are proposed. The three proposals can be classified as;
· Walsh spreading of Layer Specific Sequence
· Apply Walsh spreading to layer dependent DM RS sequence for each layer
· Walsh covering of Layer Common Sequence
· Apply Walsh covering (element by element multiplication) to layer independent DM RS sequence for each layer
· Hybrid method (Walsh spreading of Layer Specific Sequence with Layer Common Sequence)
· Apply Walsh spreading to layer dependent sequence for each layer and multiply layer common sequence to all layers
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Figure 2- 1. Walsh Spread of Layer Specific Sequence (LSS)
Firstly, same DM RS sequence can be used for two different OFDM symbols where a set of Walsh code is multiplied. This allows different DM RS sequence between two layers to be used without destroying the orthogonal property. Each sequence used for each CDM DM RS layer is spread out by Walsh code as shown in the [Figure 2- 1]. In [Figure 2- 1] sequence ‘ai’ and ‘bi’ does not necessarily be different sequences, but having different sequences in each layer enables scattering of concentrated REs due to Walsh code and the precoding matrix. More detail on this issue is shown in Annex B. We will denote this method as “Walsh spreading”. Walsh spreading can be sensitive to dominant strong DM RS interference from other cells. Specific related formulation of received signal equation and the estimated channel for received Rx antenna point of view pointing out analysis of interference randomization effect and inter layer interference is shown in the Annex A. Walsh spreading reduces the effective sequence length and results in poor interference randomization effect from other cells. Additionally, Walsh spread DM RS results in interference from other cells to be concentrated in certain DM RS layers.
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Figure 2- 2. Walsh Cover of Layer Common Sequence (LCS)
Secondly, so called “Walsh covering” uses two different DM RS sequences applied to corresponding two OFDM symbols in which a set of Walsh code is multiplied. This means that Walsh code is multiplied to long DM RS sequence used for each layer as shown in [Figure 2- 2]. In that case, the DM RS REs from other cells are randomized most effectively and results in more randomized interference to other cells, as well as scattered interference to all layers in the Annex A. On the other hand, in order to keep orthogonality between CDM DM RS layers, same sequence must be used in all layers (Layer Common Sequence) and this may result in uneven power output for each antenna port depending on precoding matrix. Some Examples and analyses of uneven maximum power for each antenna port are shown in the Annex B.
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Figure 2- 3. Combination of Walsh Spread LSS multiplied by LCS for layer 1
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Figure 2- 4. Combination of Walsh Spread LSS multiplied by LCS for layer 2
Last one is a hybrid method which is a combination of “Walsh spreading” and “Walsh covering”. That is, the element-by-element multiplication is done with two methods so that Walsh spreading DM RS sequence (Layer Specific Sequence/LSS) is effectively scrambled by different DM RS sequence (Layer Common Sequence/LCS). This is shown in [Figure 2- 3] and [Figure 2- 4]. The potential interference randomization problem from Walsh spreading can be resolved due to the secondary RS sequence scrambling by LCS as shown in detail in the Annex A. The hybrid method can achieve all the advantages resulting from both two DM RS sequence methods, without any other negative effects. The advantages of the hybrid method are complete randomization of interfering signal and removal of potentially power concentrated OFDM symbols.

In the hybrid method it is also possible to have two ways of implementation.

· Fixed sequence LSS + random sequence LCS

· Random sequence LSS + random sequence LCS

The random sequence LCS effectively randomizes interference from other potential DM RS layer from other cells. LSS works to randomize values for each layer to reduce and remove power concentration and power nulling effects. For this a fixed sequence designed to avoid such cases or a random sequence can be used. An example of Walsh spread fixed sequence for LSS, which avoids complete RE nulling of REs of certain OFDM symbols and complete coherent power boosting of REs of other certain OFDM symbols (issue noted in Annex B) is shown in [Figure 2- 5]. The pi/4 shift fixed sequence in the second layer allows non-destructive sum of precoded DM RS signals from both layers assuming pi/4 shift QPSK constellations are the only elements used for precoding Detailed explanation is shown in Annex B.
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Figure 2- 5. Example of Layer Specific Fixed Sequence
3.1. RS sequence mapping method and sequence initialization
In this subsection, we propose a DM RS sequence mapping method. In general, the RB/RBs allocated for a certain UE can be a subset of entire RB for the system as shown in [Figure 3- 1].
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Figure 3- 1. Example of allocated RBs within the system bandwidth
It is possible to utilize the LCS DM RS sequence mapping which generates the DM RS sequence to be equal to the size of the allocated RB as in Release 8 Beam-forming Mode 7, but we may have some issues when the eNB schedules multiple UEs with different size of allocated RB by means of MU-MIMO, which is being considered as one of transmission schemes to be supported in Rel-9 by used of dedicated DM RS. As shown in [Figure 3- 2], if two spatial multiplexed UEs have different allocated RB size, the DM RS sequence used for each UE may not be orthogonal. This can lead to poor channel estimation and finally performance loss. To support orthogonal DM RS sequence for different UEs, we propose the similar sequence generation method used already for Release 8 CRS sequence generation.
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Figure 3- 2. Potential issue with sequence generation according to allocated RBs
The sequence used for LCS is generated for the entire system bandwidth so that sequence length is equal to the system bandwidth. Depending on which RB(s) is(are) allocated for data transmission of UE, the LCS will use some portions of the long sequence which is already mapped to the entire system bandwidth. In addition, the generated sequence will be mapped to all REs within a RB before mapping the rest of the sequence to the next RB. Generation and mapping method is shown in [Figure 3- 3]. Each sequence is frequency first mapped within in a RB and then mapped to next OFDM symbols containing DM RS REs by means of CDM. The Walsh spread Layer Specific Sequence mapping to maintain the orthogonality between layers and the Layer Common Sequence mapping to achieve full interference randomization are illustrated in [Figure 3- 4] and [Figure 3- 5], respectively.
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Figure 3- 3. Layer Common Sequence Mapping Methodology
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Figure 3- 4. Layer Specific Sequence Mapping within a RB
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Figure 3- 5. Layer Common Sequence Mapping within a RB

The Walsh spread Layer Specific Sequence used to keep orthogonality between layers can re-use the mapping and initialization of legacy Release-8 DRS other than the layer index values to differentiate sequences between layers. The Walsh spread LSS does not even have to have the same sequence generation starting point between layers in order to keep the orthogonality. This means that different MU-MIMO paired UEs may generate the Walsh spread Layer Specific Sequence independently without aligning the allocated RBs between them.
As for the Layer Common Sequence, in order to keep similar commonality between Walsh spread Layer Specific Sequence and Layer Common Sequence, we propose to keep almost similar mapping method. The only difference would be that Layer Common Sequence would be generated for the entire system bandwidth so that different MU-MIMO paired UE may generate the same sequence for a given RB. This will allow the orthogonality between layers to be kept while fully randomizing interference from other DM RS from other group of cells. Additional benefit of having similar mapping structure for Walsh spread LCS and LSS allows channel estimation of certain code multiplex RE pair to done sequentially as the entire DM RS sequence is generated on the fly.
The initialization of LCS does not necessarily have to be done per cell identity basis. The LCS can be even used for other possible transmission methods and thus it may be beneficial to have LCS initialized by some high layer signaled identity value signaled(or even broadcasted) to the UE.
4.1. Conclusion
Based on DM RS pattern almost agreed in [1], we have taken a further look into several possible reference signal sequence and RS sequence mapping for DM RS. The hybrid method between Walsh spreading and Walsh covering based on proposed mapping method for each subframe seems to be the best option. We believe this will allow robust inter-cell DM RS interference randomization as well as more efficient PA design. We propose to agree on following design guidelines.
· DM RS sequence generated by multiplication of two sequence (LSS and LCS) and Walsh code

· Layer Specific Sequence is to be spread by Walsh code
· Further discussion on exact generation method of Walsh spread LSS may be needed (e.g. fixed sequence or PN sequence)

· Layer Common Sequence is to scramble the LSS
· LSS and LCS generation both based on per-subframe

· LCS generation for the system downlink RB size, and allocated RB uses sub-portion of the long generated sequence
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Annex A.
If we formulate the received signal equation and the estimated channel for Rx antenna port point of view, following [Equation A-1] can be presented. From [Equation A-1] and [Figure A- 1], we can see that the estimated effective channel coefficient has only one dominant interference coefficient. Similar to the Walsh spreading, if we formulate the received signal equation and the estimated channel for Rx antenna port point of view, following [Equation A-2] can be presented. From [Equation A-2] and [Figure A- 2], we can see that the estimated effective channel coefficient has four interference coefficients such as z1, z2, z3, and z4 where the randomized coefficient may cancel each other out and have greater randomization effect compared to [Equation A-1]. [Figure A- 1] and [Figure A- 2] shows DM RS transmission and reception and channel estimation process of a certain frequency subcarrier and OFDM symbols containing DM RS.
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Figure A- 1
[Equation A-1]
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From [Equation A-1] we can see that spatial layer interference from other cells only contribute interference to certain spatial layer. This means that depending on the transmission of data of other cells interference from other cells can be concentrated on particular layer effecting channel estimation far more than other methods.
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Figure A- 2
 [Equation A-2]
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From [Equation A-2] we can see that inter-layer inference from other cells are spread out across all layers due to more interference randomization factors compared to [Equation A-1], this method can achieve full interference randomization possible.
Finally, we can see that we can achieve the same interference randomization effect as Walsh covering for the hybrid method as shown in [Equation A-3], and [Figure A- 3].
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Figure A- 3
 [Equation A-3]
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Annex B.

Having the same DRS sequence for code division multiplexed two layers (possibly even four layers) can suffer from transmit power difference between adjacent OFDMs under certain precoding environments as shown in [Figure B- 1] and [Figure B- 2].
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Figure B- 1
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Figure B- 2
In [Figure B- 1], we assume that only layer common sequence is utilized. This means that the same sequence is used in each layer. In addition we assume that precoding matrix [ +1, -1, +1, -1; +1, +j, -1, +1 ] is used as an wideband precoding for a UE accupying most of the bandwidth. The maximum transmit power difference due to precoded Walsh code combining may have up to +1dB ~ -1.25dB power difference compared to other OFDM symbols as shown in [Figure B- 2]. In potential event for LTE Advanced, where 4 layers could be code multiplexed, the potential maximum transmit power difference is increased further to +2.4dB ~ -1.24dB.
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Figure B- 3
If we allow sequence used in each layer to have difference sequence values, then the power concentration and power nulling effect is randomized as shown in [Figure B- 3]. The problematic cases may only happed to certain frequency subcarrier and OFDM symbol positions where the precoding matrix and the sequence happen to have full constructive sum or full destructive sum. Since the sequence value changes over frequency and time the full constructive or destructive sum is effectively randomized and the worst case scenario (constructive or destructive sum happening across entire bandwidth) can be avoided. So in order to avoid this power concentration of specific antenna ports the sequence from each layer should be different so that the power concentration is scattered among different REs, and effectively removed.
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