3GPP TSG RAN WG1 Meeting #68bis
R1-121238
Jeju, Korea, 26th – 30th March 2012

Source: 

Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title: 



Further analysis of inter-CSI-RS-resource phase feedback
Agenda item: 

7.5.1.2
Document for: 

Discussion and Decision
1. Introduction
A Way Forward (WF) was proposed to support Joint Transmission (JT) by means of configurable inter-CSI-RS-resource Phase Indicator (PhI) feedback in the last RAN1 meeting [1]. This WF was supported by many companies, while there were also concerns expressed by several other companies mainly relating to performance gain, feedback overhead, high-rank operation, and the comparison with aggregated CQI.
In this contribution, we further analyze the necessity of introducing inter-CSI-RS-resource phase feedback on top of per-CSI-RS-resource feedback, and also summarize our views on the concerns listed above.
2. Discussions
1) Performance gain
Performance evaluations for CoMP scenario 1 in TR36.819 show that JT provides significant cell-edge gain over single-cell MIMO schemes, and also much more than CS/CB [2]. Such JT schemes are categorized into either coherent or non-coherent.
Non-coherent JT does not align the phase of the signals transmitted from the different transmission points and therefore does not need inter-point phase information; however, it is therefore difficult to support MU-MIMO effectively due to the lack of complete channel state information at the eNB. [3] showed a comparison of the performance gains from coherent and non-coherent JT, but it only considered antenna configurations with two transmit antennas per point. For larger antenna configurations (like 4 transmit antennas), non-coherent JT generally results in significant performance degradation due to inefficient usage of the spatial degrees of freedom. In other words, it means the intra-cell interference avoidance gain from non-coherent JT costs significant waste of radio resource in space. Such degradation increases as the size of the coordination set increases, e.g. from two to three. 

With proper enhancement in the granularity of the CSI feedback in one or more of the spatial and frequency dimensions, coherent JT can take full advantage of the spatial degrees of freedom provided by inter-CSI-RS-resource phase feedback, and thus exploit MU-MIMO gain efficiently [4]. We provide the performance comparisons between coherent JT and non-coherent JT for 4 transmit antennas in [5], and show obvious gain with inter-CSI-RS-resource phase feedback over the case without inter-CSI-RS-resource phase feedback.
Considering the working assumption in RAN1 to standardize a common feedback/signalling framework suitable for all scenarios that can support CoMP JT, DPS and CS/CB, we therefore propose that:

Proposal: Inter-CSI-RS-resource phase feedback should be supported in Rel-11.
2) Feedback enhancements and feedback overhead
Cross-polarized antennas were considered as the first-priority antenna configuration for enhanced CSI feedback due to their widespread deployment, small antenna size, improved diversity for downlink and uplink, etc. This antenna configuration faces challenges in benefiting from advanced MIMO schemes like MU-MIMO and CoMP due to the fact that the design of the PMI codebook and feedback granularity in the current LTE specifications were designed primarily for co-polarized antennas. If codebook enhancements are introduced for cross-polarized 4-tx configurations, for example following the two-stage feedback framework defined successfully in LTE Rel-10 for 8 tx, then tha gains of coherent JT will become even more evident and it will be even more important that inter-CSI-RS-resource phase feedback is supported. 
3) Aggregated CQI
As shown in [6], a new CQI definition specific for CoMP is not absolutely necessary. On the one hand, uncertainty of CQI prediction makes it unclear if a newly defined CQI justifies the feedback overhead, and  some eNB implementation approaches may be able to properly adjust the CQI used for scheduling and link adaptation by taking account of the available per-CSI-RS-resource CQIs. Outer-loop adaptation could also help to make the CQI adaptation work effectively, similar to the way that the SU-MIMO CQI is also used for MU-MIMO in LTE Rel-10.

However, on the other hand, aggregated CQI is relevant for certain CoMP modes. It can be derived based on all the aggregated channels observed from the configured non-zero power CSI-RS resources in the cooperating set. Aggregated CQI feedback could improve the CQI estimation accuracy at the network side for a joint transmission schemes. However, the transmission scheme selected at the network side may be different from the specific one assumed by the UE in deriving the CQI. If the network side chooses another transmission scheme, there would be mismatch between the aggregated CQI fed back and the actual CQI. In this case, per-CSI-RS-resource CQI feedback could become a better choice because the network’s attempt to derive aggregated CQI for a given transmission scheme might be able to be more accurate than the UE’s attempt. 
In any case, whether aggregated CQI is adopted to be fed back by the UE or not, it is complementary to inter-CSI-RS-resource phase feedback. If aggregated CQI is fed back by the UE, it would naturally be derived conditioned upon the inter-CSI-RS-resource phase feedback. Moreover, if inter-CSI-RS-resource phase feedback were not provided, it is not clear what assumption should be used by the UE for the phase alignment to derive the aggregated  CQI. Thus the provision of inter-CSI-RS-resource phase feedback  is in fact a prerequisite for aggregated CQI. derived individually based on the per-CSI-RS-resource CSI feedback and/or additional inter-CSI-RS-resource phase information. Therefore, we propose in [7]:
Observation: Inter-CSI-RS-resource phase feedback is a prerequisite for aggregated CQI. 
4) High-rank operation of inter-CSI-RS-resource phase feedback
The concern on the high-rank operation of inter-CSI-RS-resource phase feedback is not so clear since the required phase alignment can be determined for each stream in the same way as for the first stream.
3. Conclusion
In this contribution, based on our further analysis of inter-CSI-RS-resource phase feedback, we summarize our views and proposal as follows:

Proposal: Inter-CSI-RS-resource phase feedback should be supported in Rel-11, in order to be consistent with the working assumption to standardize a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB.

Observation: Inter-CSI-RS-resource phase feedback is a prerequisite for aggregated CQI.
______________________________________________________________________
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