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Discussion and Decision
1   Introduction
In RAN1#64 meeting, more details about CoMP Scenario 4 are proposed and discussed in Tdocs from different companies, which provides a very promising direction to explore more throughput gain without complicated inter-cell interference coordination schemes in a backward compatible manner. Due to the application of same physical cell ID (PCI) for both eNB and subordinated RRHs, there are several identified problems worthy of further investigation to enable this scenario so that the system can enjoy the gain while keeping the backward compatibility to Rel-8/9/10 UEs. This contribution provides our preliminary investigation results and views on the applicability of either SFN or radio resource reuse for different downlink physical channels so as to achieve the maximal system throughput gain with minimized specification impacts when supporting CoMP Scenario 4.
2   Support of Downlink Physical Channels in CoMP Scenario 4
In CoMP Scenario 4, there are two ways to enhance the performance of downlink physical channels – either SFN or radio resource reuse in RRHs. Due to the application of cell ID (PCI) for both eNB and RRHs, SFN seems to be the most straightforward way to support the transmission of downlink physical channels. However, radio resource reuse in RRHs is also a promising way to provide significant throughput improvement, which is similar to the cell splitting gain. This section discusses which way is more beneficial for each downlink physical channel and tries to identify possible specification impacts.

2.1 PSS/SSS  
PSS (Primary Synchronization Signal) and SSS (Second Synchronization Signal) [1] are the signals that UE has to detect during the cell search procedure in order to obtain PCI and subframe synchronization for subsequent RACH  procedure. According to the definition of CoMP Scenario 4, the same cell ID (PCI) is applied across the cell. In order to ensure the UEs within the cell coverage can receive the same PCI, it is straightforward that the same PSS/SSS is transmitted by the eNB and the RRHs, which are associated with the same cell. Since the number of transmission antennas for PSS/SSS is transparent to UEs in Rel-8/9/10, there should be no problem in backward compatibility when eNB and RRH have different number of transmission antennas. In addition, due to large gain of SFN, there is no need to have any new transmission scheme for PSS/SSS in Rel-11.
Proposal #1: SFN is applied to the transmission of PSS/SSS across different transmission points inside the macrocell and there is no need to design new transmission scheme for synchronization signals in CoMP Scenario 4 if it is agreed.
2.2 PBCH/PCFICH/PHICH/PDCCH
In Rel-8/9/10, PBCH and PCFICH shall be transmitted over the same set of antenna ports based on CRS. When deploying the RRHs in CoMP Scenario 4, the configuration of CRS transmitted from eNB and RRHs is anticipated to be the same so as to maintain the backward compatibility for Rel-8/9/10 UEs; otherwise, there may be difficulties to obtain correct channel status information and thus the performacne may degrade. Therefore, it’s better to apply the same content for these two physical channels across different transmission points in the macrocell. Since SFN can already provide signigicant gain and there is no need to further enhance the capcacity for these two physical channels, it is suggested to apply SFN for PBCH and PCFICH in CoMP Scenario 4.
For backward compatibility, eNB and RRHs shall also transmit the same content for PHICH and PDCCH, just like PBCH and PCFICH. However, there might be capacity problem for these two downlink physical channels, especially when the radio resource reuse in RRHs is applied to PDSCH and PUSCH. Since the logical address of PHICH depends on the code sequence index for the DM-RS of PUSCH, existing mechanism of PHICH is able to support the radio resource reuse in RRHs. However, due to large number of UEs, the overhead of PHICH may further consume the remaining space for PDCCH because PCFICH, PHICH and PDCCH share the same control region in each subframe. This will result in less capacity for PDCCH and thus the throughput may degrade due to limited PDCCH capacity.
According to [3]
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 by having additional PDCCHs within PDSCH region. This sounds like a promising direction but it has the backward compatibility issue. If there are needs to support radio resource reuse for PDSCH and PUSCH in RRHs, UE-specific PDCCH may be needed to support more PDCCH capacity. To minize the specification impact and keep backward compatibility, it is suggested to apply SFN for PHICH and PDCCH in CoMP Scenario 4 currently. Further enhancements for PDCCH capacity is FFS until there are agreements on the transmission mode for PDSCH and PUSCH.[2]

, UE-specific PDCCH has been identified as a possible direction to release the capacity limitation, where one approach is to reuse the design of R-PDCCH 
Even with SFN, there is still certain ambiguity because the eNB and RRHs are anticipated to transmit the same signals for these physical channels. The following problems can be further investigated in RAN1.
Problem 1. When the numbers of physical antennas for eNB and RRHs are different, how exactly PBCH, PCFICH, PHICH and PDCCH should be transmitted from eNB and RRHs requires further study.
Problem 2. When the numbers of physical antennas for eNB and RRHs are different, how to config CRS transmission for RRHs and eNB requires futher study.
Problem 3. The number of RRHs deployed within each cell may be different in real network. Wether there is any problem for the existing transmission mode of PBCH, PCFICH, PHICH and PDCCH to support different numbers of RRHs within the cell requires further study.
Proposal #2: SFN is applied to the transmission of PBCH/PCFICH/PHICH/PDCCH inside the macrocell for backward compatibility in CoMP Secnario 4 and the related problems should be further studied if it is agreed.
Proposal #3: UE-specific PDCCH may be beneficial in CoMP Scenario 4 when PDSCH/PUSCH support radio resource reuse in RRHs. The discussion of UE-specific PDCCH can be postponed until the evaluation of PDSCH/PUSCH is completed.
2.3 PDSCH
Compared with CoMP scenario 3, CoMP scenario 4 has some important advantages, which are listed as below:

· No handover is required among MeNB and RRHs.

· Coverge of control channel might be further enhanced.

· No need to resolve the control region misalignment among RRHs as in scenario 3.

· More flexble to implement the inter-transmission-point interference coordination.

Even though scenario 4 owns the attractive advantages to facilitate the multi-point transmission, its critical disadvantage is much lower throughtput than scenario 3. So, it is a challenging task to figure out how to create cell splitting gain to allow each RRH of scenario 4 to act like an independent cell. In this way, scenario 4 can simulatenously enjoy both the cell splitting gan and SFN gain by using different extents of the coordination among MeNB and RRHs. The issue here can be further categorized into two cases:

· Transmission of PDSCH based on CRS

In this case, only SFN gain can be achieved since CRS pattern is bundled with cell ID. So, there is only one CRS pattern in scenario 4. Since the RRHs are transparent to UEs, there is no impact on legacy UEs under such an operation. This case is suitable for transmission modes 1 to 6.
· Transmission of PDSCH based on UE-specific RS

In this case, the cell splitting gain and SFN gain could be dynamically switched based on the MeNB’s decision. For Rel-8/9 UEs, only SFN gain could be obtained in this case, since they only support up to transmission modes (TM) 7 and 8, in which the CQI/PMI/RI feedback should still base on CRS. So, the dynamical switching is only beneficial to Rel-10 and later-release UEs. Based on the simulation results in the companion contribution [4], althouhg SFN can improve system thoughput, the improvement is much more marginal than cell splitting. As a result, to compete with scenario 3 and Rel-10 eICIC, how to create cell splitting gain would be the first priority for PDSCH enhancement. For this purpose, it is necessary to further discuss the possible impacts on the PDSCH associated aspects, among which the most important issue would be the enhancement of UE-specific RS.
As mentioned in [2], UE-specific RS can be used to create cell-splitting gain. So, it is worth further investigating the enhancement of the UE-specific RS allocation. For example, in DCI format 2C, it supports up to eight UE-specific RS ports, but however in the one-codeword case only four RS ports are used. So, it might be possible to assign the unused RS ports to RRHs, so as to create more RS opportunities for cell splitting. More RS opprotunites also imply that less mutual interference among MeNB and RRHs is induced, since the RS collision could be eliminated to a certain extent.

Proposal #4: SFN-based transmisison is applied to TM 1 to 8. SFN and cell splitting can be simultaneously supported by TM 9. For better support of cell splitting, UE-specific RS could have the first priority to be enhancned.  
3   Conclusion

This contribution provides the preliminary studies about PBCH, control channels (PHICH, PCFICH and PDCCH) and PDSCH to support CoMP scenario 4. According to the aforementioned analysis, we have the following proposals:
Proposal #1: SFN is applied to the transmission of PSS/SSS across different transmission points inside the macrocell and there is no need to design new transmission scheme for synchronization signals in CoMP Scenario 4 if it is agreed.
Proposal #2: SFN is applied to the transmission of PBCH/PCFICH/PHICH/PDCCH inside the macrocell for backward compatibility in CoMP Secnario 4 and the related problems should be further studied if it is agreed.

Proposal #3: UE-specific PDCCH may be beneficial in CoMP Scenario 4 when PDSCH/PUSCH support radio resource reuse in RRHs. The discussion of UE-specific PDCCH can be postponed until the evaluation of PDSCH/PUSCH is completed.

Proposal #4: SFN-based transmisison is applied to TM 1 to 8. SFN and cell splitting can be simultaneously supported by TM 9. For better support of cell splitting, UE-specific RS could have the first priority to be enhancned.
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