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1. Introduction

In RAN1 #56, it was decided to support Rel-10 Demodulation RS (DM-RS) which is transmitted only in the scheduled PRBs and layers where different layers can target the same or different UEs [1]. While in [2], it was agreed that the same DM-RS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10 and in Rel-9. There were not particular requirements for the UE-specific RS (URS) sequence in Rel-8 and therefore the Rel-8 URS is reinitialized in every subframe and simply one URS Gold sequence is mapped frequency-first within a UE’s PRB allocation in a similar manner as the PDSCH is mapped to REs [3].
In this contribution, we discuss some possible new requirements regarding Rel-9 DM-RS sequence initialization and mapping that would require modifications of the Rel-8 principles.
2. Discussion
2.1. Modulation of DM-RS PN Sequence
In [2], the CDM-based DM-RS was agreed. In this case the orthogonal code, which separates spatial layers, uses BPSK, e.g. one element of the Walsh code is used per RE. The orthogonal code shall be symbol-wise multiplied with a scrambling sequence and here there are two possible options with respect to the modulation of the scrambling sequence:

· QPSK: two bits of the scrambling sequence (I and Q) are used per DM-RS RE
· BPSK: one bit of the scrambling sequence is used per DM-RS RE

From the above options, we propose to use QPSK for backward compatibility with the Rel-8 URS scrambling where two bits I and Q are clocked out of the Gold code generator per URS RE.
2.2. Initialization and Mapping of DM-RS PN Sequence
The Rel-8 URS scrambling sequence is initialized with a value dependent on the C-RNTI (UE ID), PHY Cell ID and subframe number, then it is mapped to the PRBs allocated to a UE [4]. Therefore, the phase/content of the scrambling sequence depends on the UE ID and on the UE’s PRB allocation. In Rel-9, there are the following reasons to make the DM-RS scrambling sequence invariant to the UE’s ID and PRB allocation:

· CDM multiplexed DM-RSs among UEs assigned into different orthogonal DM-RS ports shall use a common scrambling sequence

There are several ways to achieve such an invariant property of DM-RS:

1. CRS-based initialization and mapping
The DM-RS scrambling sequence is reinitialized in every OFDM symbol like the Rel-8 CRS, the sequence is generated for the maximum LTE bandwidth (BW) then the relevant parts of the sequences implied by the UE’s PRB allocation are transmitted as illustrated in Figure 1. The number of used sequences is equal to the number of DM-RS-bearing OFDM symbols per sub-frame.
2. Modified URS-based initialization and mapping

The DM-RS scrambling sequence is reinitialized in every subframe like the Rel-8 URS, the sequence is generated and frequency-first mapped for the maximum LTE BW (or the max. BW of this cell) then the relevant parts of the sequence implied by the UE’s PRB allocation are transmitted as illustrated in Figure 2. From the UE and eNB point of view, only one sequence is used per subframe regardless of the number of FDM multiplexed UEs.    

3. Adding PRB number into the scrambling sequence initialization

The Physical Resource Block number (
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 in [4]) is included as an additional DM-RS initialization field beyond the Rel-8 URS initialization bits.  The number of used sequences is multiplied by the number of allocated PRB pairs.
From the above solutions, we propose to re-use either Rel-8 CRS mapping (1) or modify Rel-8 URS mapping (2) while including the PRB number into the initialization (3) is not preferred because it creates many short sequences.
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Figure 1 CRS-based mapping of DM-RS PN sequence
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Figure 2 Modified URS-based mapping of DM-RS PN sequence

It should be noted that all above methods require that the UE C-RNTI is removed from the DM-RS scrambling initialization for rank 1 transmission, while it is not necessarily required for rank 2 transmission. This removal has the adverse effect of limiting the number of MU-MIMO UEs to the number of orthogonal DM-RS ports i.e. two. Another MU-MIMO UE above this pair will have to use the same DM-RS sequence and REs as some other UE. This might cause an SFN type of effect on these pilots and a channel estimation phase mismatch. The Rel-8 URS-based MU-MIMO [5] does not have any limitations on the number of multiplexed UEs. In order not to lose this benefit, we consider two alternative ways to mitigate this issue:
1. The UE C-RNTI is included or excluded from the DM-RS initialization depending on a bit in DCI signaling. In this case depending on the bit’s value it would be possible to support both:

· Orthogonal DM-RS-based MU-MIMO with two paired UEs

· Quasi-orthogonal DM-RS-based MU-MIMO without any limitation on the number of paired UEs (the same as supported in Rel-8).
In case of quasi-orthogonal DM-RS-based MU-MIMO, the invariant RS structure is not ensured, which means that MU interference suppression is not possible, but the UE is not expected to do that anyway with this setting.
2. Two scrambling IDs are defined per cell for the purpose of DM-RS scrambling sequence initialization. A bit in DCI signaling is used to select which of the two scrambling IDs is actually used for the DM-RS scrambling initialization. With this option, it would be possible to support both:

· Orthogonal DM-RS-based MU-MIMO with two paired UEs

· Quasi-orthogonal DM-RS-based MU-MIMO with a maximum of four paired UEs

The both above solutions assume that there are two spare bits in DCI 2A in case of rank 1 transmission as discussed in [6], one of the bits is used to indicate the orthogonal port number.
2.3. DM-RS PN Sequences in Releases Beyond Rel-9
In this section, we briefly discuss some further modifications to the DM-RS scrambling, which might be required in future releases of LTE and which should be backward compatible with Rel-9.

· DM-RS scrambling for different DM-RS CDM groups 
In order to avoid correlated inter-cell interference due to the same sequences transmitted on different sets of resource elements, as already explained and proposed in [7] and in [8], it might be desired that different antenna ports of a cell use different scrambling sequences. This can be achieved by including the DM-RS port index or the DM-RS CDM group index into the initialization of the DM-RS scrambling.
· DM-RS scrambling for CoMP

As mentioned in [9], a DM-RS should be scrambled by a sequence that is common to all the cells participating in CoMP. UEs with different serving cells might need to have a common DM-RS scrambling sequence in case of MU operation based on the orthogonal CDM DM-RS. In theory what is needed is a generalized cell ID representing the set of cells participating in the transmission, but how exactly to define and signal this is FFS. The following FFS ways can be envisioned to support CoMP:
· Semi-static signaling of the CoMP ID to be used for the purpose of DM-RS sequence initialization

· Deriving the CoMP ID based on the PCIs of the cells in the configured CoMP measurement set e.g. by a hashing function

· Deriving the CoMP ID based on DCI signaling e.g. indicating the actual transmission points or a single transmission point to be used for DM-RS initialization

3. Conclusion

In this contribution, we discussed some modifications of DM-RS initialization and mapping compared to the Rel-8 URS baseline. We presented viable options to enable DM-RS scrambling invariant to the UE’s PRB allocation. We also discussed the issue of removing the UE ID from the DM-RS initialization and its impact on the Rel9 beamforming operation. In summary:
· URS scrambling sequences in Rel-9, in case of dynamic allocation of two orthogonal DRS ports to two rank-1 transmissions into the same PRB, should be cell-specific but UE ID and PRB allocation invariant, so in this case C-RNTI should not be used for initialization of the sequences.

· Rel-9 URS sequence generation could be based on the algorithm used for CRS in Rel-8 or the Rel-8 URS algorithm can be modified to be PRB invariant.
· Multiple scrambling sequences (e.g. two) are needed within one cell if multiplexing of more than 2 UEs within one PRB is to be supported. This can be handled by introduction of a secondary scrambling ID or by including the UE ID into the initialization of the sequences. DCI-based signaling could be used to select between the two scrambling IDs or to select if the initialization of the sequences includes the UE ID.
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