3GPP TSG RAN WG1 Meeting #49
                                                                              R1-072285
Kobe, Japan, 7 – 11 May, 2007

Source: 


Nokia, Nokia Siemens Networks, Motorola, Broadcom Corporation
Title:
Specification needs for the support of small delay CDD/PSD based precoding 
Agenda Item:

7.10.1
Document for:
Discussion and Decision
1. Introduction
During the RAN1#48 meeting, the support of CDD based precoding using slow phase variations (also known as small delay CDD) with a single delay value, has been agreed as a working assumption [1] and reflected in latest specifications [2]. The application of the small delay value per UE can be semi-statically allocated by the eNodeB.
This contribution investigates whether standardization is needed in order to support the slow phase variation/small delay CDD feature in LTE E-UTRAN is investigated.
2. Discussion
Small delay CDD guarantees a slightly frequency selective channel in order to gain from multi-user diversity by using multi-user frequency-dependent packet scheduling (FDPS). Some multi-user scheduling gain provided by small delay CDD has been shown in case of flat-fading channels, a large user population, and for small codebook sizes in [3, 4, 5, 6] besides others. 
In addition to the small delay, also a large delay CDD, only applicable to transmission with rank>1, has been included as a working assumption [1,2]. The CDD value is semi-statically allocated in order to e.g. allow allocation of a large delay in case of higher speed scenarios, as suggested in [7,8].
During the discussion on the RAN1 email reflector related to the small delay values to be included in [2], it has been mentioned that the eNodeB may implement small delay CDD implicitly without standardization. Since this delay must be much smaller than those in the high multipath channels for which LTE terminals will be designed, this could be done without affecting the terminal channel estimator design by introducing the small delay/slowly varying phase shift on an antenna bases for all channels that are relying on channel estimation from common reference signals as well as the common reference signals themselves. We denote this small delay CDD operation by “implicit small-delay CDD” in this context. Due to the introduction of the small cyclic delay/slowly varying phase shift also on the common reference signals, the slightly increased frequency selectivity is included in the channel estimates and therefore, the applied cyclic delay or slowly varying phase is automatically included in the network and terminal operation without any kind of signaling. But still, for high speed terminals the eNodeB can semi-statically introduce large delay CDD [1,2] in addition to the cell specific small cyclic delay or slowly varying phase shift. 
As discussed before, small delay CDD can be operated without any kind of specification/standardization. The advantages of not standardizing small delay CDD are as follows:

· The feature of small delay CDD does not need to be standardized. This is in line with the general LTE targets of keeping LTE simple with as little features as possible.

· No standardization effort is needed to be spend on the defining the final single delay value during Stage 3. Moreover, there is no need to semi-statically allocate the small delay to the terminals (and to have the corresponding signaling support that small delay CDD would require).

· Lower signaling overhead once the small delay does not need to be signaled to each UE individually. (The signaling would be only needed for high speed terminals using large delay CDD.) 

· The operator can chose the specific small delay – different small delays can be used in different cells and/or by different operators.

· Uniform and non-uniform incremental small delay CDD is automatically supported for more than 2 TX antennas. This would mean that different delays can be selected individually for each antenna by the operator for each individual cell.
· Cyclic delay diversity as well as Phase Shift Diversity is supported [9].
· The single specified small delay for small delay CDD does not need to be taken into account in the terminal processing. This includes unnecessary multiplications of the CDD dependent phase shifts to the channel estimates in CQI estimation as well as data detection. This will simplify the terminal implementation. The impact of this extra complexity is magnified by the fact that small delay CDD is suitable only for a limited number of environments where there is insufficient multipath.
Taken the above-stated support of small delay CDD without any kind of standardization effort into account and considering the mentioned advantages, we would like to ask RAN1 to check if inserting small delay CDD into the E-UTRAN specifications is actually needed and useful. 
Please note that even without specifying small delay CDD the terminal speed dependent delay adaptation can be performed. In case the operator introduces some small delay implicitly (reference signals and data channel), the semi-static adaptation would switch between the small delay (e.g. normal operation mode) and large delay (with small delay on top, e.g. for higher speed UEs). In case the operator does not introduce the delay over D-SCH and reference signals, the semi-static adaptation between the two CDD modes would then switch between zero delay and the large delay mode. 
3. Summary and Conclusion
In this contribution, standardization of CDD based precoding using a small delay/slow phase variation CDD is considered, and not seen as a necessity. Considering that the small delay CDD can be supported for DL LTE without any kind of specification and further taking into account the advantages in freely selecting the delay/phase shift individually for each transmit antenna and cell as well as the lower signaling overhead and terminal complexity, we suggest to remove the small delay CDD feature from the specifications. 
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