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1. Introduction

At the RAN1#66 meeting, it was agreed in DL MIMO SI to study CSI feedback for single point transmission scenarios A/C (A: Macro cell, C: Outdoor small cell) with higher priority compared to mutli-point transmission scenario B [1]. On the other hand, CSI feedback also will be studied in CoMP WI (assuming Scenarios 1/2/3/4). During email discussions, concerns were raised regarding the need to strive for a unified CSI feedback framework between DL MIMO SI (scenarios A/C) and CoMP WI (scenarios 1/2/3/4) [2]. However, in CoMP WI it is already agreed to develop multi-point transmission schemes assuming that the UE reports CSI feedback based on the assumption of single-user transmission. In addition, performance-wise there is still a need to clarify whether there is a need for any new CSI feedback design, in particular PMI feedback (codebook design) that is specific to CoMP and multi-point transmission or per-point feedback would be sufficient for both single point and multi-point transmissions.

In this contribution, we discuss the aspects to be addressed by PMI feedback for single point transmission scenarios A/C and provide our views on the need for PMI feedback enhancement for multi-point transmissions in Rel-11.
2. PMI Feedback Enhancement for Single Point Transmission (Scenarios A/C)
In the following, we summarize our views on PMI feedback enhancement for single point transmission scenarios A and C: Scenario A corresponding to macrocell and C corresponding to outdoor small cells [1]. 

· Scenario A
In the future, the macrocell will continue to be a key differentiator for mobile operators. Thus, given its importance, the majority of operators emphasized the need to study macrocell scenario (scenario A). The expectations are that some moderate gains which are larger than what has been observed in Rel-10 will be achieved by further CSI feedback enhancements. From the practical deployment perspective, 2 Tx and 4 Tx antenna configuration are prioritized in Rel. 11. Rel-10 provides gains for DL MIMO in the macrocell for 4 Tx closely spaced co-polarized antennas by introducing DM-RS and CSI-RS. However, only limited gains were identified for 4 Tx cross-polarized antennas [3][4]. The repetition of discussions on topics that were discussed and for which only limited gains were identified by the majority of companies during Rel-10 should be avoided. 
In Rel-11, to ensure sufficient moderate gains for MU-MIMO transmission compared to SU-MIMO, PMI feedback enhancements would be required in terms of both extension to subband feedback (higher feedback granularity) and the introduction of larger size codebooks. However, MU-MIMO performance in general would be limited by the CSI mismatch errors due to changes over the time (mobility) and/or frequency (frequency selectivity). These degradation factors tend to be dominant especially for macrocell. On the other hand, for scenario C (described in more details later), higher gains would be expected by PMI feedback enhancements because of the smaller delay spread, lower channel correlation, and lower mobility. One possible wayforward on how to proceed on PMI feedback optimization is to consider scenario A as a secondary design target after scenario C. This has the benefit of making Rel-11 PMI feedback enhancements for small cells (scenario C) applicable to the macrocell (scenario A). This also would avoid too much optimization for small cells and at the same time ensure that a unified design framework between the small cells and the macrocell is established.
· Scenario C

Differently from the macrocell scenario that has been intensively studied since Rel-8 for CSI feedback enhancements, CSI feedback enhancement for small cells is new to 3GPP and brings new study aspects. Small cells can be characterized, compared to the macrocell, by smaller delay spread, lower channel correlation, lower mobility, which present different characteristics and thus would motivate larger gains from further per-point CSI feedback enhancements (e.g, increasing PMI feedback bits) compared to the macro cell. In [1], simulation assumptions for scenario C have been agreed. Scenario C is sub-categorized as:
· Scenario C1: This corresponds to the case of using the same frequency band as the macrocell (i.e., non-protected small cells). It is true that in this case the spectrum is indeed efficiently reutilized. However, overlaying small cells on already existing macrocells would create serious interference, mobility management, and impact to legacy UEs issues should be seriously considered.
· Scenario C2: This corresponds to the case of using different frequency bands for small cells differently from the macrocell (i.e., protected small cells). Different frequency bands would only be used by small cells and thus there is no spectrum efficiency loss from splitting the frequency bands used for the macrocell and small cells.
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Figure 1 – Outdoor small cells with localized antennas (Scenario C).

Which sub-category of deployment would be favorable highly depends on the spectrum allocation/availability to each country or operator in addition to the operator deployment strategy. The geometries for small cells would depend on whether the small cells are being under the the macrocell umbrella or not and whether the small cells are adopting low or high cell range expansion (CRE) offsets. Thus, new CSI feedback design would need to take into account these conditions.
In addition, ITU UMi channel model was agreed as the baseline channel model for simulations for scenario C. However, it is important to make sure that this model captures well enough the actual scattering environment for small smalls, which is characterized by lower channel correlation (sufficiently large AOA/AOD anglular spread). In case it does not, some change/refinement of the channel model is needed. One possible refinement is to assume larger antenna spacing in the simulation assumptions for scenario C.
3. PMI Feedback for Multiple Point Transmission (Scenarios 1/2/3/4/B)
In CoMP WI, multiple scenarios 1/2/3/4 are studied and for each scenario multiple CoMP transmission schemes are considered [2]. Candidate PMI feedback for different CoMP transmission schemes is as follows:
· Joint transmission (JT):

· Coherent transmission

· Aggregated PMI feedback
· Per-point feedback + inter point phase information
· Non-coherent transmission: Per-point feedback
· Coordinated scheduling / beamforming (CS/CB) (including dynamic point blanking): Per-point feedback
· Dynamic point selection (DPS) (including dynamic point blanking): Per-point feedback
Thus, except joint transmission, the other CoMP transmission schemes require only per-point feedback. For coherent joint transmission, however, gains are still to be clarified compared to non-coherent joint transmission. As shown in [5], non-coherent joint transmission (with aggregated CQI and without inter-point phase information) achieves similar performance to that for coherent joint transmission under the assumption of full buffer. To understand the gain difference between single point transmission using per-point PMI feedback and multi-point transmission using aggregated multi-point PMI feedback, we compare “4 Tx precoding” and “2 Tx precoding with soft combining of two points”, as depicted in Figure 2 and explained in the following.
(a) 2 Tx soft combining based operation: This is based on Rel-8 2 Tx SU-MIMO with simple soft combining (simultaneous 2 Tx transmission from two Tx points regardless of path-loss to the UE).
(b) 4 Tx MIMO based operation: UE benefits from further closed-loop precoding gain for 4 Tx MIMO. 
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Figure 2 – “4 Tx MIMO” (multi-point transmission) vs. “2 Tx soft combining” (single point transmission).
Figure 3 shows the link throughput comparison between 2 Tx soft combining and 4 Tx MIMO operations, where the received power difference between two transmission points each with 2 Tx antennas is varied as a parameter through Figures 3 (a) to (d). The throughput performance is compared for values of received power difference between antenna ports pairs {0,1} and {2,3} set to 0 dB, -3 dB, -10 dB and -100 dB. Simulation assumptions for link level evaluations are described in the Appendix.
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                 (a) 0 dB                                      (b) -3 dB
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Figure 3 – 4 Tx MIMO vs. 2 Tx soft combining with different received power difference values (dB).
1. As we can confirm from Figure 3, compared to “2 Tx precoding with soft combining”, “4 Tx precoding” provides almost no degradation for -10 dB and -100 dB received power difference.
2. These results also show that when at the UE the received power difference between two 2Tx transmission points is 0 dB (equivalent to 4Tx single point transmission), 4 Tx precoding gain can be larger than 2 Tx precoding (soft combining). Thus the gains for multi-point PMI feedback over single point PMI feedback are limited to the case of small path-loss difference (0 dB to -3 dB) among different transmission points. Such multi-point transmission is somehow equivalent to a larger size single point transmission; therefore, PMI feedback optimization for multi-point transmission would not be needed, as optimization for a larger size single point transmission (i.e., 4Tx) would be sufficient. In addition, the gains are limited to small path-loss difference; thus, gains from larger size point transmission are also limited in terms of average gains compared to soft combining.
3. On the other hand, the gain difference between 4 Tx precoding gain for 0 dB path loss in Figure 3 (a) and for -3 dB path loss in Figure 3 (b) is less than 1 dB. This means that codebook designed for single point transmission (4 Tx) still performs sufficiently well for multi-point transmission (2 Tx x 2) for a difference path-loss up to 3 dB. 
4. Thus, PMI feedback optimized for single point transmission would provide sufficient performance for both single point and multi-point transmissions. Given this, instead of optimizing PMI feedback for multi-point transmission, point selection would be more important to enable switching among two 2 Tx transmission and single 2 Tx transmission depending on the path-loss difference and the fading conditions. For such point selection/switching schemes, per-point PMI feedback would be sufficient.
4. Conclusion
In this contribution, we discussed the aspects to be addressed by PMI feedback for single point transmission scenarios and provided our views on the need for PMI feedback enhancement for multi-point transmissions in Rel-11. Our current views are summarized as follows:

· For multi-point transmission, except coherent joint transmission, other multi-point transmission schemes need only per-point feedback. On the other hand, link level performance gains of coherent joint transmission compared to non-coherent joint transmission might be limited for the case of small path-loss difference among the transmission points. Thus, PMI feedback optimized for single point transmission would provide sufficient gains for coherent multi-point joint transmission. 
· Furthermore, system level performance of coherent joint transmission might achieve similar performance compared to non-coherent joint transmission without inter-point phase information [5]. Thus it is not clear whether there would be a need for PMI feedback optimization for multi-point transmission and for coherent multi-point joint transmission. Further evaluations are necessary.
· PMI feedback enhancements in Rel-11 should focus on single point transmission. In particular, the focus should be on Scenario C, characterized by lower channel correlation, lower mobility and delay spread, which would require a new codebook design to enhance capacity for MU-MIMO.

· It is important to make sure that the UMi channel model assumed for simulation assumptions for scenario C captures well the lower channel correlation (large enough AOA/AOD anglular spread) characterizing small cells with low antenna height surrounded by scatterers. If the current UMi does not have enough angular spread, we need to refine the channel model for scenario C by for example assuming larger antenna spacing.
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Appendix – Link level simulation parameters
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