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1. Introduction
For better support of downlink MIMO schemes, downlink control signalling should be carefully designed in order to handle error cases properly and minimize signalling overhead, thereby requiring feedback error handling mechanism and removing unnecessary states from PDCCH contents. In this contribution, we try to see some remaining points of downlink control signalling for SU-MIMO.

2. Consideration on PDCCH Design for SU-MIMO

· Feasibility condition for PMI confirmation
The PMI confirmation state which represents that sub-band PMI(s) recently fed back from the desired UE is applied to downlink MIMO transmission seems to be quite beneficial to reduce PDCCH payload overhead by replacing the multiple PMI indication, thus several contributions [2]-[7] have proposed to employ PMI confirmation state in PDCCH contents. However, it requires reliable UE feedback error detection mechanism, since if eNode-B has no PMI feedback detecting capability, significant system throughput loss may be caused by using erroneous PMIs different from them given from UE [7]. From the viewpoint of robust control signalling operation, error detectable UE PMI feedback seems necessary to apply PMI confirmation state on PDCCH. Keeping that in mind, CRC should be employed for frequency selective precoding reporting modes including mode 1-2 and mode 2-2 on PUSCH. 

· The necessity of fall-back mode
Under the condition that reliable error detection is provided for PMI feedback channel, eNodeB may experience unexpected error situation such as consecutive CQI/PMI feedback error, thus requiring complementary transmission mode and its indication. Therefore, the use of fall-back mode seems to be beneficial to keep higher UE throughput. As one of candidates of the fall-back mode, open-loop transmission mode such as TxD and OL SM irrespective of the rank seems appropriate because open-loop transmission scheme could work with long-term SNR for AMC such as geometry information which can be easily obtained from PDCCH coding rate adaptation without additional sophisticated CQI recalculation process. A default PMI also could be applied as a candidate for fall-back mode but it may require a wideband PMI feedback and an amount of MCS step-down for robust fall-back mode transmission. Therefore, open-loop transmission mode as a fall-back mode is preferable to handle unexpected feedback error case.
· Refinement of 2Tx codebook
In the LTE spec, 2Tx codebook includes antenna selection vector for rank-1 since it can provide performance gain under uncorrelated channel by transmitting whole power to a specific antenna having better channel quality. In addition, the identity matrix is also included in the codebook in order to fulfil the nested property of the codebook in combination with antenna selection vectors. However, the antenna selection scheme couldn’t be implemented properly and violates constant modulus condition agreed as a working assumption for precoding. Therefore, it is preferable to move out the antenna selection vectors in 2Tx codebook to reduce the PMI feedback overhead and not waste implementation effort. Keeping that in mind, the current 2Tx codebook can be redefined as table 1.

Table 1: Codebook for transmission on antenna ports 
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In table 1, the identity matrix (i.e., index 0 in rank 2) is only used for open-loop spatial multiplexing as agreed in RAN1 #52bis. In addition, it doesn’t violate the nested property working assumption if we preclude the possibility of using the identity matrix in closed-loop SM since rank-1 open-loop scheme should be SFBC. Therefore, in table 1, only 4 vectors and 2 matrices should be used for 2Tx rank-adapted SM with channel dependent precoding and the identity matrix should be used for open-loop SM only without PMI feedback.
3. Conclusion
As a summary, our view on downlink control signalling for SU-MIMO is as follows:

· For PMI confirmation, CRC should be employed for frequency selective precoding reporting modes including mode 1-2 and mode 2-2 on PUSCH.
· Fall-back mode seems to be necessary for handling a PMI feedback error case and the open-loop transmission mode is highly recommended.

· For reducing PMI feedback overhead, further refinement of 2Tx codebook is necessary as shown in table 1 and the index_0 (i.e., identity matrix) in rank-2 should be used only for open-loop SM.
References
[1]
R1-081102, “Outcome of offline discussions on PDCCH contents,” Ericsson
[2]
R1-074001, “PMI Downlink Signaling for E-UTRA,” Motorola
[3]
R1-074072, “Downlink PMI indication for SU-MIMO,” Samsung
[4]
R1-074225, “Considerations on DL signaling for support of SU- and MU-MIMO,” ZTE
[5]
R1-074227, “MIMO precoding information in PDCCH,” Huawei
[6]
R1-080022, “Way forward on downlink PMI indication,” Samsung, ZTE, Huawei, LG Electronics
[7]
R1-080248, “Investigation on PMI Indication Schemes for Single-User MIMO Precoding in E-UTRA Downlink,” NTT DoCoMo
[8]
R1-080341, “MIMO related DL control signaling,” Ericsson
[9]
R1-081266, “Further Consideration on 2Tx Open-loop SM,” LG Electronics
[10]
R1-081253, “PMI-field compression in PDCCH contents for 4 Tx MIMO,” LG Electronics

































































































































PAGE  
1

_1239098050.unknown

_1246175189.unknown

_1246184771.unknown

_1239608372.unknown

_1239098082.unknown

_1239097950.unknown

_1239097977.unknown

_1239098000.unknown

_1239097925.unknown

