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1. Introduction
In RAN1 63bis meeting, the Rel-11 CoMP SI was officially kicked off. Companies presented their overview of CoMP system. A number of CoMP scenarios were proposed [1]
1. Homogeneous network with intra-site CoMP

2. Homogeneous network with high Tx power remote radio heads (RRHs) 

3. Heterogeneous network with low power RRHs within the macrocell coverage 
4. Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.
After extensive discussion in the meetings and offline, some priority were set among these scenarios during different phases of Rel-11 CoMP SI  [2]
· Phase 1 

· Homogeneous network with high Tx power RRHs 

· Starts now

· Aim to conclude in RAN1#65

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage”, and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell”

· Starts after RAN1#64

In addition to this, simulation assumptions were discussed striving at having a common simulation platform for the convenience of comparing different schemes and evaluating the performance gain. The first cut of simulation assumptions were described in [3] along with the structure of the receiver assumed for the simulations [4]. The final approval is pending on email reflector discussion after the meeting. That should lay a solid foundation to facilitate the CoMP SI in Rel-11. 

Among proposed CoMP scenarios, scenario #1 is just conventional intra-site CoMP; and scenario#2 could be considered as the inter-site CoMP without backhaul restriction; scenario #3 would be viewed as typical heterogeneous network with macro/pico cell deployment without backhaul restriction.  The scenario #4 is an interesting scenario, as it introduces RRH which would use the same cell ID as the macro-cell, which implies RRH and its associated macro-eNB should still be considered as one cell, even though RRH may have multiple transmit/receive antennas. That leads to some new challenges and may also impose some issues. 

In this contribution, we focus on CoMP scenario #4 and provide some preliminary considerations on the design perspectives for this scenario.

2. Heterogeneous network with low power RRH with the same Cell ID as Macro-eNB
Figure 1 [1] shows an example deployment layout of heterogeneous network with a macro-eNB and a couple of RRH spreading in the cell. The RRH covers a smaller area as compared with Macro-eNB, and therefore its transmit power would be lower. The connection between RRH and macro-eNB is assumed to be fibre optics. That leads to such a fact that delay of data exchange between RRHs and eNB would be minimal, or could be ignored in the study phase. 
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Figure 1:  HetNet with RRH

Two scenarios could be considered in this deployment layout. The first is the RRH has its own cell ID, which is different from that of the macro-eNB. That is similar to the HetNet deployment with pico cells spreading within the coverage of a macro-cell. The other scenario would be that the RRH carries the same cell ID of that of the macro-cell, which implies no new cell is created in the macro-eNB coverage. The second scenario as introduced is a new scenario, which has some merits such as there is no need to introduce new CRS, and therefore, reduce the collision chance of CRS with other channels such as data channel as seen in the previous scenario, it also converts a CoMP system into more of a MIMO system, where RRH could be viewed as the extension of antennas from the macro-eNB. However, this new deployment also introduces some issues, which we believe needs to be carefully dealt with. 

2.1. Transmission configuration
The newly introduced CoMP scenario, as denoted as scenario 4 where RRH within the macro-eNB coverage carries the same cell ID as macro-cell, would allow  possible flexible deployment or enhancement in different phases as new RRHs could be added depending on the needs such as removing the coverage hole, improving the capacity of hot spots etc. A couple of new transmission configurations would be  considered in addition to conventional transmission that the UE receives from the eNB,  such as UE receives transmission from a single RRH, or joint transmission from a number of RRHs, or joint transmission from a RRH and an eNB.  
Before we could fully exploit the benefit of RRH deployment with such transmission combinations, a couple of issues needs to be studied which includes
· How to build up the association between UE and RRH, and/or eNB
· How to configure these different transmission combinations
For association between UE and RRH, signal strength could be used as one way to indicate geometry between a UE and RRH, how to measure the signal strength needs to be carefully studied. For configuring different transmission combinations, it would depend on the design and how to reuse the existing antenna ports such as CRS, CSI-RS and DM-RS ports. Certainly it would be desirable that such transmission configuration would be transparent to the UE, and therefore minimize the impact to the UE. 
2.2. Transmission to the legacy UE
One question for such CoMP scenario would be whether it could support the transmission to the legacy UE and provide benefits. As Rel-9 and 10 UE starts to use CSI-RS for channel state information (CSI) feedback and use DM-RS for demodulation, by properly designing the system, the CoMP transmission in scenario #4 would support Rel-9 and 10 legacy UEs. The CoMP design in this scenario should be at least backward compatible to legacy Rel-8/9/10 UEs. The topic of how to enhance the performance of legacy UEs in Rel-8 may also be studied. But as CRS are used in Rel-8 for CSI feedback and demodulation, it would be more challenge to achieve performance gain without introducing too much impact to the system. Nevertheless, the performance impact on legacy UE should be evaluated.
2.3. Enhancement of Downlink control channels
It is a general understanding that CoMP transmission would mainly target the improvement of data transmission, and in downlink, that is meant for PDSCH transmission. However, control channel enhancement may also be considered in CoMP transmission, especially in the HetNet, where control channel capacity enhancement may be needed in case of large number of UEs served in the cell.  How to take advantage of the RRHs for control channel enhancement should also be studied and evaluated. On the other hand, deploying RRH could be useful in some cases like easing the coverage hole. In that situation, control channel performance enhancement may also be needed. There are in general two directions which could be followed in consideration of control channel enhancement. First is to reuse the Rel-8 control channel design but try to enhance its performance such as capacity and coverage with the help of RRH. Second is to consider some new designs of control channel, for example some design philosophy used in PDSCH enhancement could be considered here.  
2.4. MIMO design 
With RRH participating the transmission to the UE, and considering each RRH could also carry 2-4 transmit antennas, single-cell MIMO transmission may need to be extended to accommodate this situation. A couple of CoMP transmission schemes could be used with RRH’s participation in the transmission, such as JP/CS/CB. For joint processing (JP), super MIMO or MIMO+BF could be further considered. For each type of MIMO transmission schemes, different aspects may need to be considered in addition to the performance comparison, which includes CSI-RS configuration, DM-RS configuration, feedback schemes, and codebook extension. If multiple RRHs or RRHs/eNB are all involved in the MIMO transmission, the dimension of MIMO could be increased, and that would lead to several issues which require some attentions:
· Codebook size and whether new codebook with larger dimension is needed
· New codebook entries to consider the fact of widely distributed antennas.
· Feedback enhancement in addition to existing implicit feedback of PMI, rank, CQI.
· Transmit power imbalance from each RRH
.
2.5. Uplink transmission
In a system with RRH, the uplink transmit signal from the UE could be received by different RRH and all these received signals could be routed via fibre connection to the eNB for joint processing. That could certainly improve the uplink transmission. Even though it is generally agreed that uplink transmission should be transparent to the UE, some procedures and network implementation may need to be carefully looked into to see if any change is needed.
2.6. Other technologies

 In addition to the aspects considered above, which is mainly the extension of Rel-8 to 10 features, other new technologies could be considered here. As the fibre connection is used between the RRH and eNB, the backhaul data exchange among transmission nodes within the cell could not be considered as an issue due to its low latency and high capacity. That would allow the eNB to utilize some central scheduling and coordination among RRH and Macro-eNB. For example, when two RRH have some overlaps in the coverage, some interference coordination techniques could be used among RRH. The same techniques could be applied between a RRH and the Macro-eNB to reduce interference in overlapping area. 
3. Conclusions

Some design aspects were discussed in the contribution with focus on CoMP scenario 4 with low power RRH within a macro-eNB cell. We believe that some of these issues need to be studied and properly addressed before we can fully exploit the benefit of such deployment. 
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