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1. Introduction 
This paper discusses some of the issues raised in other contributions on the design of the demodulation reference symbols (DRS) to support Dual layer Beamforming in LTE Release 9. In particular we consider:
· The modulation sequence [1]

· Forward compatibility [3]
· Use of the DRS as an amplitude reference [2]
· Frequency shift [5]
Some recommendations are made in conclusion.

2. Discussion
2.1
Modulation Sequence

In Release 8 the modulation sequence is defined slightly differently for Cell Specific RS (CSRS) and UE Specific RS (UESRS). The sequence initialisations are defined such that: 

The reference symbol sequence for the CSRS runs across the REs used for CSRS in one OFDM symbol across the system bandwidth, and depends on

· Slot number within radio frame

· OFDM symbol within slot

· Cell ID

· Cyclic prefix length

The reference symbol sequence for the UE specific RS extends across the REs used for UESRS within a slot for the whole bandwidth of a given PDSCH transmission, and depends on

· Slot number within radio frame

· Cell ID

· UE ID

The main purpose in both cases is to randomize with respect to interference from other cells.
In [1] it is noted that for Release 9, there would be an advantage for suppression of interference arising from MU-MIMO if a UE could be aware of the DRS sequence(s) used by transmissions to other UEs. One way of achieving this would be to make the DRS sequence independent of the UE ID. The same document also suggests consideration of the following:
· To avoid multiple short sequence (e.g. per PRB) the sequence is generated for the maximum bandwidth (either per OFDM symbol or per slot) and for any given PDSCH transmission the required sequence elements are used. 
· Different antenna ports (or CDM groups) would have different DRS sequences. 
· It could be configured for the initialisation of the DRS not to depend on the UE ID. 
Following these principles a UE would know what other interfering DRS sequences might be present, and could be informed more exactly with a little extra signaling. In the case that the DRS sequence does not depend on the UE ID, it could be fixed, semi-statically configured or dynamically configured (via PDCCH).
In [4], simulation results are presented under the assumption of cell specific scrambling and blind detection of a single co-scheduled UE. This is equivalent to the more general case that the UE knows the modulation sequence and spreading code of a possible interfering DRS but is required to determine the actual interference level itself. The conclusion in that contribution is that for the case considered (Rank 1 transmission to 2 UEs) close to ideal performance can be obtained without the need to signal the presence of the co-scheduled UE explicitly. 
However, other cases should also be considered, at least for co-existence purposes (e.g. Rank 2 transmission to 2 UEs, Rank 1 transmission to more 2 UEs). The additional spatial streams could be differentiated by modulation sequence or CDM spreading sequence.
2.2
Forward Compatibility
In [2] a potential problem is identified for MU-MIMO where the eNB has 8 Tx antennas, and a Release 9 UE is scheduled in the same resources as a later release UE (e.g. Release 10) receiving multiple spatial layers. There could be interference between the Release 9 data and some of the Release 10 DRS. It would be desirable, to avoid such interference, while being able to use the full 24REs for DRS to the Release 10 UE (i.e. to up 8 spatial layers in total). Thefeore it is proposed to provide for reservation of extra REs for these DRS in Release 9. These REs would not be available for data.
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Figure 1 from [2] illustrates forward compatible design for CDM based RS.
According to this proposal a Release 9 UE could be configured for any of the following options:-

· Receive DRS for one or two antenna ports in 12 REs

· Receive DRS for one or two antenna ports in 12 REs, and ignore an additional 12 REs
Similarly a Release 10 UE could be configured for any of the following options:-

· Receive DRS for one or two antenna ports in 12 REs
· Receive DRS for one or two antenna ports in 12 REs, and ignore an additional 12 REs
· Receive DRS for three to eight antenna ports in 24 REs
A further possibility (for both Release 9 and 10) would be to allow the use of the full number of DRS REs to improve channel estimation, particularly for high mobility UEs. The additional supported case would then be:

· Receive DRS for one or two antenna ports in 24 REs
Even if the possible presence of additional reserved RS locations is not supported in Release 9, it may be worth considering support of additional CDM spreading codes (e.g. over 4 REs), which would allow more flexible co-scheduling of Release 9 and Release 10 UEs.
2.3
Amplitude Reference

In general the power of the DRS can be set at the same level as for the data symbols transmitted on the same layer. In this case the UE can use the DRS directly as an amplitude reference. This approach is used in Release 8 for UESRS.

Under such an assumption, for FDM/TDM of DRS with multiple transmitted layers the DRS EPRE would typically be lower than the total power in the data REs, since the available data power will be divided between the layers. However, in such cases it could be advantageous to transmit the DRS at a higher power to provide more accurate channel estimates. For SU-MIMO with transmission rank greater than 1 and with equal power per layer it could be reasonable for the UE to assume that DRS are transmitted with the same EPRE as for data, and that there is an offset (i.e. 1/rank or 1/no_of_layers) between DRS power and the data symbol power on one layer.  Unfortunately, this assumption may not always be appropriate: The eNB may also wish to allocate unequal power levels per layer. Also, with MU-MIMO the UE does not necessarily know how many other layers are transmitted to other UEs at the same time. 
For pure CDM of DRS the power allocation to DRS can generally be the same as for the corresponding data layer, and the DRS EPRE will be equal to that of the total power in data REs. 
However, in both the above cases it may be advantageous to indicate to the UE an additional power offset between DRS EPRE and data symbol power. For both CDM and FDM/TDM, even with the assumption of an offset based on the number of data layers transmitted to the UE, this would allow “power boosting” for DRS. It would also support power allocation to more than one UE for MU-MIMO.

Since the DRS EPRE can in any case be fine-adjusted by the eNB (e.g. for unequal power allocation per layer), signaling a limited set of power offset values may be sufficient (e.g. the additional offset values could be limited to 0dB or -3dB). 
2.4
Frequency Shift

In Release 8 a cell specific frequency shift is applied to the CSRS (and UESRS) patterns. As noted in [5], this has not been discussed for DRS in Release 9, but the default assumption seems to be that there would be no frequency shift. Indeed the agreed DRS pattern is not particularly suitable for frequency shifting, although a 1 RE shift could be applied while still maintaining the properties of the DRS pattern.

A configurable choice of frequency shift could allow more scheduling options to be supported (e.g. Rank 2 transmission to 2 UEs, Rank 1 transmission to more 2 UEs as mention in section 2.1). It would also be compatible with the proposal to reserve additional REs in section 2.2. 
3. Conclusions
From the above options we propose the following:

· Modulation sequence: To support MU-MIMO interference suppression, the initialisation of the DRS sequence would be configured to either include the UE ID or not. 
· Spreading Code: The different DRS may be distinguished by CDM. In this case there would be 2 possibilities of code length 2, and up to 4 possibilities of code length 4. For maximum scheduling flexibility the CDM code should be dynamically configured. The spreading codes should ideally be chose for forwards compatibility with future releases.
· Forward Compatibility: To allow full scheduling flexibility when mixing Rel 9 and Rel 10 UEs using DRS: 
· A Release 9 UE could be configured for any of the following options:-

· Receive DRS for one or two antenna ports in 12 REs
· Receive DRS for one or two antenna ports in 12 REs, and ignore an additional (reserved) 12 REs
· A Release 10 UE could be configured for any of thefollowing options:-

· Receive DRS for one or two antenna ports in 12 REs
· Receive DRS for one or two antenna ports in 12 REs, and ignore an additional (reserved) 12 REs
· Receive DRS for three to eight antenna ports in 24 REs 
· Improved channel estimation for amplitude reference:

· For FDM/TDM of DRS the UE should assume a power offset between DRS EPRE and data symbol power equal to 1/number_of_layers. 
· Consider allowing “power boosting” of DRS, with an indication to the UE of an additional power offset between DRS EPRE and data symbol power. Since the DRS EPRE can in any case be fine-adjusted by the eNB (e.g. for unequal power allocation per layer), signaling a limited set of power offset values may be sufficient (e.g. the additional offset values could be limited to 0dB or -3dB). 
· Frequency shift: Consider the possibility of a configurable UE-specific frequency shift of DRS in Release 9. The agreed pattern would allow a 1 RE shift.
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