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1. Introduction
For advanced E-UTRA, two categories of downlink coordinated multi-point (DL COMP) transmission are currently being studied: joint processing and coordinated beamforming [1]. Joint processing is expected to offer more gain due to its MBSFN-like combining gain at the expense of higher degree of coordination. That is, the same set of transport blocks is cooperatively transmitted from multiple points (e.g. eNBs, eNB with multiple RREs).  
In this contribution, we focus on the joint processing (JP) scheme as it offers better performance gain especially in low mobility scenarios. In RAN1#56, the reference signal design principle based on UE-specific RS for demodulation and cell-specific RS for CSI measurement was decided [1]. Based on the decision, some further details on the support of DL COMP can be refined. This contribution discusses the following aspects:
· Multiplexing between Rel-8 (R8) LTE and LTE-A DL COMP transmissions
· UE Reporting for DL COMP support
2. Multiplexing 
Assuming that the component carrier is configured R8 compatible, there are two manners in which the R8 and LTE-A transmissions can be multiplexed: FDM and TDM. This aspect is discussed in, e.g. [2, 3]. One may argue that the FDM-based solution should be the baseline as it fits with the future progressive rollout of LTE-A. While this may sound plausible, we should not overlook the feasibility of LTE-A-only subframes multiplexed in a TDM manner with LTE-only subframes during the study item phase as this offers a cleaner DL RS solution with lower overhead. In the context of the overhead due to R8 cell-specific RS (CRS): 
· RE puncturing within the PDSCH region at the CRS locations of the cooperating cells is needed for the FDM-based solution [4]. Although the active set configuration is UE-assisted, the configuration is network-centric [5]. While the puncturing may be lessened via signalling the active COMP set to the UEs, such signalling does not offer substantial benefit. This is because there are only 3 possible frequency shifts for R8 CRS. Assuming that cell ID and frequency shift assignment are sufficiently well-planned, the possibility of assigning different frequency shifts across neighboring cells is high. 
· For non-cooperative transmission, the overhead due to R8 CRS is 14.3% for LTE-only and mixed subframes (assuming 4Tx and normal CP). Due to the need for RE puncturing at all the three frequency shift locations, the overhead increases by threefold to 42.6% for the mixed subframes. This does not include other sources of overhead such as the UE-specific demodulation-RS as well as a possible set of CSI-RS. Hence, the increase in overhead is 28.4%, which translates to raw system throughput loss for DL COMP. That is, the gain from DL COMP is reduced by 28.4%.
· On the other hand, LTE-A-only subframes (only available with TDM using the MBSFN subframe mechanism) only need to carry R8 CRS within the first 2 OFDM symbols per subframe. In this case, the overhead associated with R8 CRS is only 4.8% for non-cooperative transmissions and hence 14.4% for cooperative transmissions. Compared to the mixed subframe scenario, the difference in raw throughput loss due to R8 CRS overhead is 28.2%, which is large. 
Hence, we propose that both TDM and FDM multiplexing between R8 LTE and LTE-A are studied, at least during the study item phase. Note that the TDM multiplexing will eventually become more prevalent as LTE-A rollout becomes more mature. 
For the ITU-R submission, the advanced LTE-A features such as DL COMP will be evaluated without R8 transmissions within the same subframe (i.e. FDM). Hence, the support of TDM between R8 and LTE-A transmissions can be exploited for evaluation. Notice that the increase in terms of R8 CRS overhead is 14.4% − 14.3% = 0.1%, i.e. there is no noticeable increase in terms of R8 CRS overhead. Hence, we propose that TDM be used as a baseline for ITU-R submission for DL COMP evaluation. Note that the additional overhead due to demodulation-RS and CSI-RS still hold.
3.  UE Reporting for DL COMP  
Some preliminary discussion on UE reporting based on CQI/PMI/RI was given in [6]. Other than CQI/PMI/RI, it is also possible for the UE to report the quantized channel. The comparison between the two reporting paradigms is given in Table 1. 
Table 1: Comparison between joint vs. disjoint CQI/PMI/RI reporting

	Aspect
	CQI + PMI + RI
	Quantized channel

	Flexibility
	· Difficult for eNB to infer the best MCS, TPMI, and TRI if UE recommendation is not followed. 

· Joint transmission with joint precoding/codebook needs to assume a set of cooperative cells
	· MCS, TPMI, and TRI can be computed via the quantized channels, which can be made eNB implementation specific.

	Overhead issue
	· Moderate overhead depending on codebook size

	· Large overhead: involve each Tx-Rx pair per subband (to enable frequency-domain scheduling). 
· Scheme to quantize (compress) the channel is needed

	Testing (during working item phase)
	Simpler
	· Tend to be more complicated

· Unclear unless the COMP algorithm at the eNB is standardized.

	Computational burden
	UE-centric
	eNB-centric

	Reporting mechanism
	Larger codebook may need differential reporting/scanning
	Differential reporting/scanning is inevitable


It can be argued that CQI/PMI/RI-based reporting is clearly preferred for non-cooperative transmission as the eNB tends to follow the UE recommendation. For cooperative transmissions, however, it is unclear if this is the case. For instance, the eNB may choose to perform cooperative transmission only from a subset of cells within the active COMP set. This is possible due to the UE-specific demodulation RS. At the same time, it is unclear if the cooperative set needs to be dynamically adapted as long as the active COMP set is semi-statically configured. 

It seems that both reporting paradigms have pros and cons. At this point, there may not be sufficient amount of study to decide which paradigm should be selected. Furthermore, the perceived type of DL COMP joint processing algorithm is unclear at the moment. Although the algorithm is eNB implementation-specific, the signalling support needs to be tailored according to the context that is set by the algorithm. 
Hence, we recommend that both paradigms be included in the study item phase, especially for the ITU-R submission.   
4. Conclusion
In this contribution, we discussed several issues on joint processing COMP. Based on the discussion, we recommend the following: 
· Multiplexing LTE (Rel-8) and LTE-A transmissions: Both TDM and FDM should be studied, at least during the study item phase.

· ITU-R evaluation: TDM is the baseline for evaluating DL COMP. 
· CQI/PMI/RI vs. quantized channel: Include both possibilities in study item phase. Down selection to a single type is done once better understanding is obtained.
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