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1 Introduction
During Orlando meeting, whether to adopt beamforming (BF) in LTE FDD mode was re-visited but no decision was made.   A couple of contributions were presented and discussed [1][2][3] which address the need of BF and the requirement for such operation. From these presentations, it is noticed that most companies who propose to adopt BF is in fact proposing adaptive BF based on direction of arrival (DOA), which normally requires large number of closely-spacing antennas or antenna array. In order for the UE to demodulate data in such adaptive BF system, dedicated RS symbols are generally needed. 

In this paper, we discuss some issues related to dedicated RS due to the introduction of such adaptive BF system. From the discussion, we feel that it is pre-mature at this stage to introduce such dedicated RS for data demodulation for an adaptive BF system based on the following reasons

1. The spec closing time is approaching, therefore leaving no time for a more thorough study and stable design. 

2. There are many open issues regarding such adaptive BF feature along with dedicated RS which are un-answered at this stage, such as the overhead, the impact on channel estimation, its co-existence with common RS, the accuracy of CQI measurement for adaptive BF transmission, the impact to the common RS based neighbour cell measurement etc. 

    Based on the above considerations, we feel that in order for LTE spec to be closed on time for current working stage, it is more appropriate to leave the introduction of BF along with dedicated RS to the future release.  
2 Discussion on Dedicated RS
In this section, we include some discussions on a number of issues due to the introduction of dedicated RS, along with discussion on a number of issues regarding such BF system.
2.1 Overhead
The purpose of introducing dedicated RS is that in an adaptive BF system, the beam should be steered to each UE and the direction of each beam could be adapted due to the movement of UE. Under such circumstances, it is very difficult to use the common RS to conduct the channel estimation for the equivalent channel. Using dedicated RS is therefore more realistic. The UE can use the dedicated RS to demodulate data and estimate the channel quality. 

However, introducing dedicated RS will add more overhead to the system. As estimated in [3] that dedicated RS could require up to 5% overhead, that then could bring the total overhead of combined common/dedicated RS to around 20% in a four transmit antenna system, which is not a small number to be ignored.  If we bear in mind that such adaptive BF system in general could bring some coverage gain in rural area, it is questionable then if the price paid for such gain is justified.  
2.2 Co-existence with Common RS

 
Even though some companies proposed to introduce dedicated RS for adaptive BF system, it is not clear if these dedicated RS will be co-existing with the common RS, or some or all common RS will be replaced by such dedicated RS. Regarding co-existence of common and dedicated RS in a sub-frame, there could be three options:

1. Keep all the common RS, and add dedicated RS. 
2. Keep the common RS for the first two OFDM symbols in order to decode the common control channel, while replace the rest common RS with dedicated RS

3. Remove all common RS, and only use dedicated RS

     Among these options, the first option can maintain the performance of channel estimation using the common RS, however, its total overhead including dedicated RS could be large. The second option maintains the channel estimation performance for decoding common control channel to some extent; it could see some performance loss due to limited number of available common RS especially for nomadic UEs. The third option is not feasible in the sense that the common channel such as PBCH, PCFICH and PMCH shall not entitle to adaptive BF transmission, and therefore requires common RS to decode. In addition the common RS may also be required for the neighbour cell measurement. Another scenario we may have to consider is the coexistence of MBSFN and unicast transmission. For such configuration, common RS have to be kept in order to maintain the performance for MBSFN. If BF is introduced for unicast transmission, extra overhead will be added to include the dedicated RS. 
2.3 Channel Estimation
The impact of channel estimation due to the introduction of dedicate RS can be looked upon with two folds: First is the channel estimation performance using the common RS, and the second is the channel estimation performance using the dedicated RS. 

For channel estimation using common RS, its performance won’t be impacted if all common RS are still maintained, however, as mentioned earlier, the overhead could be large due to the extra overhead from dedicated RS. If only common RS in the first two OFDM symbols are kept, while the rest common RS in a sub-frame are replaced by the dedicated RS, the performance of channel estimation obtained from using common RS will see degradation due to reduced number of available common RS for channel estimation especially for high speed UE. 
As for channel estimation from using dedicated RS, its performance depends on the chuck size assigned to that UE, as the larger the chunk assigned to one UE, the more dedicated RS could be available for the channel interpolation/extrapolation and therefore more accurate channel estimation.  In general the performance of channel estimation using dedicated RS will be inferior than that using common RS due to the limited resource assignment to a particular UE.
For coexistence of MBSFN and unicast configuration, the channel estimation performance could be degraded for MBSFN transmission if only part of common RS are kept. On the other hand, if BF is used for unicast transmission, due to the limited available number of dedicated RS, its channel estimation will not be as accurate as that using common RS if MIMO transmission is used for unicast.    
3 Discussion on Other Adaptive BF Related Issues
Other than some issues discussed above related to dedicated RS, there are a number of open issues regarding adaptive BF, which should be studied and clarified.
1. Common channel coverage. The main goal for those proponents of  adaptive BF is to enlarge the cell coverage, however, as raised before many time, if common channel, which shall not entitle BF transmission, could not reach the same coverage as shared data channel, how could a BF system functions properly? Some companies proposed some solutions for this issue, but convincible solution is yet to be seen.    

2. Number of  transmit antennas and deployment geometry. It is generally believed that adaptive BF system should employ large number (such as 8) of closely-spacing transmit antennas to get BF gain. However, such BF systems are quite different from the MIMO systems we have been working with, which assume to have 2 or 4 largely-spacing antennas. This difference impose many un-answered questions related  to the common RS design, requirement of the additional signalling, transmit diversity design and so on. It seems to us introducing such adaptive BF system is not simply to introduce some additional new features to the spec in addition to what we have been agreed so far, it is more like to design a new system which requires lots of extra time and effort. 
3. Terminal complexity.   Terminal complexity is a main concern from many terminal vendors. If this adaptive BF is adopted, the terminal will have to support both MIMO and BF and therefore the receiver complexity is increased. 
4. NodeB complexity.   The proposed DOA based adaptive BF requires calibration in both signal amplitude and phase at NodeB which increase deployment and maintenance cost at NodeB. 

4 Conclusion

In conclusion, we feel that even though such adaptive BF feature with dedicated RS could benefit for some rural deployment where coverage is an issue, the coverage gain it obtains might be limited due to unsolved issue such as common channel coverage. In addition, many open issues raised due to its introduction leave us to believe that it is more appropriate to postpone the adoption of this feature to the future release. That will serve two purposes: First, it will not delay the closing of this working stage, second, it will give more time to study this feature and find more promising solutions. 
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