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1. Introduction
   In the previous meeting, followings are described as way forward on CoMP feedback[1]. 

· Individual per-cell CSI feedback is the baseline for feedback dependent schemes
· Complementary inter-cell feedback might be needed
· The detailed explicit, implicit or SRS-based feedback designs, if any, are FFS

· Explicit, implicit and SRS-based feedback mechanisms are not exclusive of each other
· Combinations of full or subset of above three are possible
   In this contribution, our additional view and proposal on CS/CB CoMP feedback will be shown. The purport of this contribution is that CSI feedback necessary in the simplest CoMP system shall be baseline of feedback for CS/CB CoMP.
2. Possibility of simple operation in CS/CB CoMP system
   We consider that applicable deployment scenarios are different between CS/CB and JP. Considering roughly, CS/CB seems to be applicable for distributed eNB system and JP seems to be applicable for centralized eNB system [2]. For example, Macro, Micro and Femto cell can be categorized into distributed eNB (or HeNB). Relay Nodes can be also categorized into distributed eNB. The main feature of distributed eNB system is that each eNB is positioned far from its adjacent eNBs. Inter eNB connections (X2 interface[3]) are realized based on Stream Control Transmission Protocol (SCTP) of transport layer in flat network architecture. Therefore, when a lot of eNBs generate transactions for inter-eNB coordination, it seems to be difficult to guarantee transportations of transactions with low-delay because transactions will concentrate at gateway or router. In the case of coordination with RN, delay guarantee of transactions becomes more difficult because radio backhaul link between donor-eNB and RN is added. 
   If real-time coordination is necessary, transactions for inter-eNB coordination should be realized on lower layer to reduce delay. However, it is not cost effective to construct additional cable lines only for real-time coordination on lower layer. Thus, real-time coordination is preferable to be realized in centralized eNB system. In centralized eNB system, transactions for real-time coordination can be transported by utilizing bus in the centralized eNB apparatus because plural baseband units of eNBs are concentrated at one site. The centralized eNB system seems to be applicable for at least JP CoMP system (maybe also CS/CB CoMP system) because JP CoMP can not eliminate transactions for inter-eNB coordination in principle. 
   If real-time coordination is not necessary, we should consider whether transactions for inter-eNB coordination are really necessary or not. As discussed in this contribution, transactions for the coordination are not necessary in CS/CB CoMP system when each eNB (or relay) regularly controls its transmission power profile (TPP) in time/frequency/spatial domain(s) following pre-defined rule. Therefore, we consider that CS/CB CoMP can eliminate transactions for inter-eNB coordination. If each eNB follows pre-defined rule, each eNB can operate alone toward achievement of CS/CB CoMP without taking care for behaviour of adjacent eNBs(or relays). And the UEs' load of both measurement and feedback will be little because the UEs' load regarding feedback information necessary for inter-eNB transactions can be eliminated.
   According to above discussions, CS/CB CoMP system can be simply realized by eNB operating alone. And UEs' load for inter-eNB coordination can be minimized because eNBs operating alone does not need any transactions with adjacent eNBs.
3. Discussions on the simplest operation of CS/CB CoMP system
   When several eNBs avoid inter-cell interference (ICI) by coordination, each eNB adjusts its own TPP so as to avoid ICI in time/frequency/space domain(s), typically by adjusting spatial beam patterns. Adjustment of TPP among eNBs is the essential point to mitigate ICI. However if each eNB is allowed to adjust its power profile with perfect freedom, operation for mitigating ICI will be difficult because each eNB needs to get knowledge of TPP (e.g. beam patterns) of its adjacent eNBs, and the amount of signalling about TPP between adjacent eNBs will be increased.

   To reduce both processing complexity and the amount of signalling for coordination, it seems to be effective to restrict degree of freedom about controlling TPP of each eNB. As extreme example, no signalling for coordination with adjacent eNBs is necessary when TPP of each eNB is controlled without any freedom. In other words, it is a necessary condition for elimination of signalling that each eNB regularly controls its own TPP following the pre-defined rule. Processing complexity is also expected to be lowered by following the pre-defined rule. Therefore, CS/CB operation based on the pre-defined rule seems to be the simplest.
   The operation based on the pre-defined rule is also superior in aspect of channel quality estimation. Estimation error of channel quality, especially about cell edge UEs which strongly receive ICI, is also important issue. In CS/CB CoMP system, variance of ICI power is expected to be larger than the conventional non-CoMP system because ICI power can be changed by adjusting TPP, and the variance brings estimation error of channel quality.

   When the estimated spectral efficiency is greater than the real efficiency, the real efficiency can be achieved by hybrid ARQ. But several retransmission subframes depending on the amount of the estimation error will be wasted, so the opportunity of data transmission toward other UEs will be stolen. When the estimated efficiency is less than the real efficiency, the real efficiency will not be achieved enough because conservative MCS against the real efficiency will be utilized. The problems mentioned above appear more explicitly by large variance of ICI. Thus, the variance of ICI may bring degradation of system spectral efficiency.
    However, ICI variance is the essential factor to improve cell edge spectral efficiency in CS/CB CoMP system. (Note: This is NOT applicable for JP CoMP system because UE needs to stably receive strong signals including signals treated as ICI in the conventional non-CoMP system.) The key point of the improvement is accurate prediction of the real spectral efficiency. For accurate prediction, it is preferable for each eNB to regularly control its own TPP following the pre-defined rule as mentioned above. If there is uncertainty about TPP of the future subframe for data transmission at the subframe for channel quality estimation, UEs will need to feedback additional information (e.g. indicator of dominant interference beam, multiple CQI [7], etc.) in proportion to ICI possibility based on degree of freedom about future TPP. Additional information may improve system spectral efficiency according to degree of freedom, but both feedback overhead and processing complexity will be also increased.
   As conclusion of this section, the simplest CS/CB operation based on the pre-defined rule has the following benefits.

· No transaction for coordination between inter-eNBs is necessary.

· There is no uncertainty of ICI regarding transmission power profile. Therefore, no additional feedback assuming any uncertainty is necessary.
   Additional feedback may bring system performance improvement, so the simplest feedback should be as baseline achieving the minimum performance.
4. Proposal of feedback scheme for simple CS/CB CoMP 
   To eliminate uncertainty of ICI regarding TPP, each eNB needs to regularly control its own TPP following the pre-defined rule. There are three kinds of pre-defined rules.
· Subframe interlace specific pre-defined transmission power profile
· Subband specific pre-defined transmission power profile

· Interlace and subband specific pre-defined transmission power profile

   The first rule means that all eNBs (at least in the same CoMP set) have different TPP per subframe interlace in frequency and/or spatial domain(s). TPP does not need to be specified as air interface specification because it is just an implementation matter. So degree of freedom to decide pre-defined TPP for system operator is still remaining. The same transmission power profile shall appear in a certain subframe cycle, and the cycle should be equalized among all eNBs (at least in the same CoMP set). If not equalized, uncertainty of ICI will appear.
   Each UE estimates channel quality by utilizing reference signal (CS-RS or CSI-RS) transmitted from its serving eNB. However, it is preferable for UEs to estimate interlace specific channel quality because ICI power of each subframe in the interlace cycle will be different (significantly different at cell edge UEs). By the same reason, it is not preferable to average channel quality of several continuous subframes. After estimation, each UE feeds back CQI to its serving eNB. If the system is operated following the first rule, it is preferable for each UE to feed back interlace specific CQI.

   The second rule means that all eNBs (at least in the same CoMP set) have different TPP in spatial domain among subbands. In this rule, it is preferable not to change TPP in time domain for accurate estimation. Each UE estimates channel quality by utilizing reference signal transmitted from its serving eNB. However, UE needs to estimate individual channel quality for each subband because ICI power will be different among subbands. After estimation, each UE feeds back subband CQI to its serving eNB. If the system is operated following the second rule, it is preferable for each UE to feed back subband CQI as well as Rel.8[4].
   The third rule is the combined rule of both the first one and the second one. Therefore it is preferable for each UE to feed back interlace and subband specific CQI to its serving eNB.

    According to above discussions, three kinds of feedback information necessary to operate the simplest CS/CB CoMP system are:
· subframe interlace specific CQI,

· subband CQI as well as Rel.8 or

· subframe interlace specific subband CQI.

   Our proposed system concerning this CQI feedback was described in R1-090600[5]. In our proposed CS/CB CoMP system, we consider that signalling except for these kinds of CQI feedback is NOT necessary because TPP of each eNB is pre-defined.
5. Conclusions
  We consider that CSI feedback for CS/CB CoMP should be simple while fulfilling LTE-Advanced requirements [6]. If following CQI feedback can achieve the requirements, we consider that following kinds of CQI are enough as CSI feedback for simple operation of CS/CB CoMP system. Our proposal is that the following set of CQI shall be baseline for CS/CB CoMP feedback.
· subframe interlace specific CQI,

· subband CQI as well as Rel.8 or

· subframe interlace specific subband CQI.
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