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1 Introduction

Some guidelines [1] for downlink UE-specific demodulation reference signal (DMRS) have been agreed upon:

· Estimates of RS overhead for evaluations (assuming normal CP)

· DM-RS
· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)
· Rank 2 transmission: 12 REs per RB to be confirmed
· Rank 3-8 transmissions: max 24 REs (total) per RB
· Strive for same REs per antenna port in  each Rank
· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)

· DM-RS in support of up-to 8 transmission layers will need to be defined

Given the above guidelines, this contribution explores the DMRS RE placement in RB assuming the v-shift functionality is enabled. 

2 DMRS RE placement and v-shift

The v-shift parameter is defined in LTE R8 to offset the CRS tones on frequency domain so that the CRS signals from neighbouring cells would not collapse on each other even in the asynchronous network. If v-shift is enabled for DMRS in LTE R10, the same principle and goal should apply. Because the typical cellular system has at least three cells adjacent to each other, the total number of DMRS RE available to single cell should be at most one-third of total number of RE available to DMRS design if it is desirable to offset DMRS among cells. 

In general, offsetting the DMRS can be done in frequency-domain only, time-domain only, or both time and frequency domains. However, due to the uncontrollable randomness of timing difference among eNB’s in the asynchronous network, it is difficult to achieve the goal of v-shift function if any kind of time domain offsetting is involved. Therefore, only v-shift on frequency domain is proposed for DMRS if v-shift function should be enabled. Because DMRS is designed on per-RB basis, there should be at most four DMRS RE available to one cell for every DMRS time symbol if v-shift function should be enabled. 

Even though not formally agreed, it seems to be a common assumption from many companies to avoid using R8 CRS symbol to carry R10 DMRS. If this assumption continues to be valid, the normal CP subframe can have at most seven symbols per subframe to carry DMRS, based on the conditions that:

· Three PDCCH symbols are assumed because most likely the LTE-A system is deployment for 
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. So the case of four PDCCH symbols would not be considered here in design of DMRS.  
· Four R8 CRS ports are maintained. Even though the antenna virtualisation is proposed to allow reduction of “signalling-specified” number of CRS ports, it is so far only a vendor or operator specific choice, not a mandatory R10 technique. 

If the number of DMRS RE per time symbol for each cell is no larger than 2, there could be at most 14 DMRS RE available to normal-CP RB. Based on the current performance study of higher order MIMO transmission, 14 DMRS RE per RB is far from enough to provide good channel estimation results for up-to 8-layer transmission. Therefore, there are mainly two scenarios in developing DMRS pattern with enabled v-shift function. 

1) There are 3 DMRS RE’s per DMRS symbol for each cell.

In this case, there are at most 21 DMRS RE locations available for normal-CP and at most 18 DMRS RE locations for extended-CP. It remains questionable whether these numbers are sufficient for channel estimation in 8-layer transmission. In addition, if these three DMRS RE locations are evenly distributed over frequency domain (one DMRS RE for every four subcarriers), the collapse between R8 CRS and R10 DMRS from neighbouring cells becomes inevitable in the asynchronous network, which neutralizes the effect of v-shift function.
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                           (a) pattern-A                                               (b) pattern-B

Figure 1 DMRS RE locations with 4 DMRS RE per symbol
2) There are 4 DMRS RE’s per DMRS symbol for each cell.

This numerology matches the R8 CRS RE placement as well as the R8 UE-specific RS placement in extended-CP subframe. Given the maximum number of DMRS RE equal to 24, at most 6 time symbols in subframe are needed to carry DMRS. In order to avoid the collision between R8 CRS and R10 DMRS, both types of RS should be assigned to the same set of subcarriers for each cell. All the design criteria so far contribute to narrow down the choices on DMRS RE locations. Two choices under normal-CP as shown in Figure 1 deserve the attention. 
a) Pattern-A as in Figure 1 (a): The DMRS are carried on symbols {
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} in both even-numbered and odd-numbered slots. Pattern A has symmetric DMRS RE locations in the two slots per subframe, which leaves more chances for symmetric DMRS patterns on different ports/layers over 2-D span of each RB and therefore more chance for UE hardware reuse. 
b) Pattern-B as in Figure 1 (b): The DMRS are carried on symbols {
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} in both even-numbered and odd-numbered slots, as well as on symbols {
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} in odd-numbered slots. Pattern-B has all DMRS RE locations in pair of two side-by-side RE over time domain, which is good for CDM-based DMRS design. In addition, pattern-B supports PDCCH over 4 symbols. 
In the normal-CP subframe, the 9-th symbol with pattern-A or 3rd symbol with pattern-B carries no DMRS or CRS. Therefore this symbol can be used to transmit CSI-RS.

3 Conclusions

This contribution shows that the choices on DMRS RE locations can be narrowed down under the following assumption:
· The v-shift functions is enabled with the same operation principle as in Rel-8, i.e, DMRS RE placement should avoid collisions between DMRS as well as between DMRS and CRS from neighboring cells. 
The candidate locations of DMRS RE shown in Figure 1 are preferred assuming v-shift function should be enabled. In other words, the DMRS RE assigned to each layer should be picked from the shadowed RE’s in Figure 1. 
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