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1
Introduction
This contribution discusses some of the system-level aspects and scheduling implications of the downlink coordinated multi-point (CoMP) joint processing (JP) transmission schemes provisioned in [1]. The addressed topics in this contribution are: a) The selection of the CoMP reporting/cooperating cell set (CRCS) and/or CoMP transmission point set (CTPS) [1][4], and b) The baseline assumptions for the scheduling mechanism needed to harness the promising CoMP JP gains both for average cell spectral efficiency and user spectral efficiency.
2
Considerations about CoMP cell sets selection
Main goal for the application of CoMP transmission techniques is the mitigation of inter cell interference in urban cellular like scenarios and different approaches have been already proposed by different companies [5] -[10]. 
The CRCS for a given UE is the set of collaboratively transmitting eNBs to the UE and might be defined network centric, user centric or as a combination of the former. As full cooperation over a large network is practically infeasible- independently of what CoMP scheme is being used, an overall system concept is required limiting CRCS /CTPS to a small and reasonable number of cells. The proposed semi-statically configured “Network defined and UE assisted” method of selecting the CRCS/CTPS allows the handling of the real-life interference conditions in a cellular network, e.g. [3][9], while keeping the additional system complexity in reasonable limits. The semi-static definition of CRCS/CTPS enables system load balancing in uplink and downlink, adaptation to the radio environment, lower UE battery consumption and lower load in eNB to eNB interfaces. A static configuration of CRCS can further simplify the inter-eNB CoMP signaling, at the price of a lower overall CoMP JP system performance.
Several RAN1 3GPP contributions have presented already system-level performance results of CoMP JP under various assumptions and scenarios. The contribution [5], using a “epsilon forcing” joint transmission, indicated for the ITU-R Urban Micro Cell (UMI) scenario, average cell and cell-edge performance gains of 60 %. No details are given on the handling and configuration of the CoMP cell sets mentioned above. The analysis in [6] gives more details on the CoMP UE centric CRCS selection and the scheduling algorithms employed; for the 3GPP Macro Case #1 and under the full buffer traffic conditions, the best obtained average cell and cell-edge performance gains were 0 % and 15.8 %, respectively. As another representative example, in [9] the proposed UE-centric clustering approach was shown to yield up to 4 dB SINR gain for the “cell-edge” UEs and 2-3 dB for UEs in the “average cell” conditions. Furthermore, both contributions [6] and [9] point out that the high system-level performance gain with CoMP JP can be achieved only when MU-MIMO CoMP (MU-CoMP) scheduling is used, while SU-MIMO CoMP (SU-CoMP) transmissions are to be avoided. 
A simple example for CoMP JP scenario is illustrated schematically in Figure 1. A CTPS of 3 cells, A, B and C is considered, with 4 UE’s served in CoMP mode: UE#1, UE#2 and UE#3 with MU-CoMP transmission – share the same time/frequency resources – and UE#4 in SU-MIMO CoMP (SU-CoMP) transmission –  on the same time resource but different frequency reources from the 3 MU-CoMP UE’s.  Here we also assume the simple case when the number of  MU-CoMP UE’s is equal to the size of the CTPS, and equal to 3.
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Figure 1: CoMP JP transmission scenario with CTPS size of 3 cells and 4 UE’s served in CoMP mode. Line styles indicate PDSCH transmission to different UE’s. Line colours indicate sub-band resources used by different cells in the CTPS. The served UE’s do not necesarly have to be attached to different serving cells.
In [6] an average received signal power based CRCS selection is proposed with a 3dB window. In [9] a user rate improvement selection criterion is used, with an adjustable cost factor. Because the MU-CoMP transmission mode should be the main target of any envisioned CoMP JP scheme, a straightforward condition to select a given UE for potential CoMP, and selecting its corresponding CRCS, can be simply the average (time/frequency) SINR improvement requirement in MU-CoMP mode, 
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Note that for average (time/frequency) case, while the 
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 value could be potentially derived based on RSRP/RSRQ measurements [2] and/or based on single-cell mode CQI reports. The estimation of 
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 needs to include (realistic) assumptions on the number of UE’s spatially multiplexed in MU-CoMP mode, on the corresponding multi-user interference suppression level, and the number of cells in the selected CTPS (typically the same as the the number of multiplexed UE’s). For average (time/frequency) case, the condition in (1) can be further expressed as a condition required on the combination of RSRP values to the corresponding cells in the CRCS. In this case, the inaccuracies in the RSRP/RSRQ measurement reports will obviously limit the the optimality of the CTPS selection out of the CRCS.
The main common characteristic of any optimal CRCS selection algorithm is that, they can easily yield different CRCS for the different CoMP UEs camping in the same serving cell. This inevitably leads to the scenario where a given anchor cell is part of, and has to be coordinated within, several CoMP cooperation cell sets. 

Under the assumption that the joint transmission is achieved with a coordinated joint precoding scheme (derived based on channel feedback from the UE’s, etc.) [1], the MU-CoMP scheduling is only possible to achieve by spatially multiplexing of UE’s which have the same CTPS. This constrain combined with the CRCS selection algorithm will greatly reduce the number of UE’s which can be optimally scheduled in a given CoMP cooperation cell set, thus the overall CoMP JP gain will reduce accordingly. 
3
Considerations about CoMP scheduling and performance gain estimation

Provided the condition (1), or similar, can be evaluated also on per TTI and per subband basis, then it can also be used for selection among the CoMP mode UE’s (with the same CRCS) to be spatially multiplexed with a given CTPS in a given scheduling interval and on a given subband or set of subbands. Note, however that per subband SINR/throughput improvement requirement for the selection of the multiplexed UE’s in MU-CoMP mode may be too restrictive when HARQ re-transmissions are to be scheduled, hence may not be possible to fully avoid the SU-CoMP transmissions.

In a practical deployment scenario, we can assume that in all cells there is a mixture of CoMP and non-CoMP UE’s served simultaneously. Provided all the CoMP UE’s can be optimally selected and scheduled in MU-CoMP mode – thus their performance is considerably improved compared to the single-cell case – the overall cell performance gain can also be estimated. There are at least four main factors to be considered when estimating the overall cell performance gain from using CoMP JP in combination with non-CoMP transmissions:

1. Average penetration ratio of the active/selected CoMP UE’s (
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2. Possible resource portioning constrains between the CoMP and no-CoMP transmissions due to CoMP specific UE feedback mechanism, and time/frequency granularity etc.,

3. Impact of CoMP JP transmissions scheduling on the non-CoMP scheduling performance due to RS design, available time/frequency resources, multi-user diversity gain/loss, etc. 

4. Similar to the single-cell transmission case, the CoMP SINR values are in practice limited to the maximum SINR achievable due to sectorization and hardware imperfections (e.g. 22-25dB in 3GPP LTE Macro), therefore not all the SINR gain can be directly translated to cell throughput gain.

Assuming the simplest possible case where i) the frequency resources for CoMP UE’s and non-CoMP UE’s are allocated proportional to 
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), respectively, and ii) there is no loss/gain in the cell performance of the non-CoMP UE’s, then a simple CoMP JP cell level (linear) gain calculation can be performed:
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where  
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 is the overall average cell spectral efficiency gain (including CoMP and non-CoMP transmissions) and 
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 is the cell spectral efficiency gain of the CoMP transmissions only. The simplified expression in Eq. (2) does not take into account the weight of the CoMP UE in the overall spectral efficiency due to their ‘location in the SINR domain’; hence (2) applies for the general case regardless of  “cell-edge” or  “cell-center” CoMP UE channel conditions. Figure 2 shows the curves obtained based on (2) and the above simplifying assumptions.
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Figure 2 Required CoMP-only spectral efficiency gain vs. the CoMP UE penetration ratio and for different target gain in the overall cell spectral efficiency.

As an example:  a 15 % CoMP UE penetration in one cell part of the CoMP JP cooperating set shows that the required CoMP-only gain has to be in the order of 60 % to 200 %  in order to achieve a 10 % to 30 % overall cell performance improvement! In practice this CoMP-only throughput gain has to be provided when MU-CoMP JP is used only, else with SU-CoMP the overall cell spectral efficiency is severely degraded, even though individual CoMP UE’s can benefit from greatly improved SINR/throughput. Furthermore, the downlink RS overhead associated with the CoMP transmissions is to be included in the CoMP-only throughput gain evaluation. Some other aspects like the impact of CSI-RS (if any) to non-CoMP UE’s, and impact of MBSFN subframes (if any) to non-CoMP UE’s need to be also included when evaluating the practical performance of CoMP JP transmission schemes.
4
Conclusions
In this contribution we have addressed two aspects when considering the evaluation of CoMP joint transmission (JP) schemes and their expected cell level performances. The “network defined and UE assisted” method of selecting the CRCS/CTPS seems to be the most suitable for semi-static CRCS and dynamic CTPS configuration purposes. Furthermore, the high system-level performance gain with CoMP JP can likely be achieved only when MU-MIMO CoMP (MU-CoMP) scheduling is used. The penetration of CoMP (JP) UE’s in a cell can range anywhere between around 10 % to 100 %, thus for an overall cell performance improvement a certain minimal, but critical, performance gain is required to be achieved on all CoMP JP transmissions in the CRCS.
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