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1. Introduction

The updated CoMP study item [1] re-started during the RAN1#63bis meeting with the discussion of the scenarios to be investigated. The following scenarios were identified for CoMP evaluation [2]:
· Scenario 1: Homogeneous network with intra-site CoMP

· Scenario 2: Homogeneous network with high Tx power RRHs 

· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs from the macro cell

· Scenario 4: 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.

Some background to Scenario 4 can be found in [3] and [4]. 
However, during the discussion in RAN1#63bis, it was evident that while the operation of Scenario 3 is very clear, the operation of Scenario 4 is far from clear and many questions would need to be addressed before Scenario 4 could be seriously evaluated. 
In this document we discuss some technical concerns of Scenarios 4 compared to Scenario 3. 
2. Technical implications 
Scenarios 3 and Scenario 4 differ primarily in the following aspects:

· multi-user scheduling;

· channel measurements; 
· demodulation signals;
· control channel operation; 

· hand-over management / RRH association

· uplink power control.
 We consider these aspects in detail in the next subsections. 

2.1. Multi-user scheduling
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Figure 1: Remote Transmission (TP) points with same or different cell id
Regarding the scheduling, the following aspects should be considered in relation to Scenario 4:
· In Scenario 4, the total number of users is limited by the total number of users that can be supported by a given Rel. 10 cell. In Scenario 3, this limitation is clearly not present. 
· In Scenario 4 scheduling is inherently centralized, while Scenario 3 is more flexible in that both centralized and distributed scheduling approaches can be supported. Scenario 3 can support a separate scheduler for each transmission point with limited standardised scheduling coordination control signalling between the transmission points. 
· For Scenario 4, to maximize the spatial-reuse within the cluster, the users located in different areas of the cell would have to be separated by SDMA techniques. In other words the same PRBs must be allocated to different UEs in different areas of Figure 1, which leads to a form of operation more like MU-MIMO than CoMP.  On the other hand, Scenario 3 inherently supports full spatial reuse, even for Rel-8/9 legacy users. 
Proposal 1: Further study would be needed to identify whether Scenario 4 can adequately support spatial reuse,  including Rel-8/9 legacy users. 
2.2. Reference Signal Configuration
It is currently unclear in Scenario 4 which RS ports should be assumed for the different aspects of the evaluation. We discuss the different possibilities below. 
2.2.1. CRS configuration

As CoMP will be deployed as an upgrade to existing networks with substantial populations of legacy UEs, the handling of legacy UEs must be taken into account in the evaluations. 

Proposal 2: The mechanisms for supporting legacy UEs, and the performance available to legacy UEs, must be evaluated. 
One of the claimed advantages of Scenario 4 is the fact that the CRS overhead may be able to be reduced compared to a scenario where each RRH transmits independent orthogonal CRS ports using different frequency-shifts. However, this reduction in overhead comes with an associated cost, especially when considering the support of legacy UEs; moreover, other mechanisms are available to reduce the CRS overhead, such as the use of MBSFN subframes which can carry data from Rel-10 onwards, so it is not obvious that further reduction in CRS overhead would be significant. 
It is obvious that CRS are needed for at least the following purposes:

· Data and control demodulation for Rel-8/9 UEs

· Control demodulation for Rel-10 UEs (and also Rel-11 UEs if changes are not assumed for the control channels)
· CSI feedback for any UE not configured in TM9 

The number of CRS ports is limited to 4.  
In order to evaluate Scenario 4, assumptions are needed as to how these CRS ports are assigned, e.g.: 

1. All CRS ports are at the central entity, and none at the RRHs

· This would mean that all UEs/channels that rely on CRS for demodulation would get no assistance from the RRHs, whereas in Scenario 3, the RRHs can improve the coverage of Rel-8/9 UEs. 

2. CRS ports are virtualised to include one or more RRHs as well as one or more antennas at the central entity

· This would mean that some CRS ports would have much lower quality than others, depending on which RRH(s) the UE was within coverage of. 

· If more than 4 RRHs were deployed in a given macrocell, some RRHs would have to transmit the same CRS port(s) or none. 

3. All CRS ports are transmitted by all RRHs. 

· This would mean that only the joint channel from all transmission points could be estimated. 

All of these alternative assignments of CRS ports have drawbacks. 
Proposal 3: The configuration of CRS transmission needs to be defined.
It should be emphasised that channel estimation based on CRS gives the combined channel from all CRS ports. It is not possible for the UE to distinguish the channel from different CRS ports under a single cell-ID-specific CRS scrambling code. 
In Scenario 4, spatial resource reuse is therefore typically only possible for UEs that are close to a particular transmission point. For example, if one UE is near to TP1, the channel from TP1 dominates and demodulation could be based on the CRS, while the same PRBs with different data could be transmitted from other TPs to other UEs that were close to the other respective transmission points. For UEs in an overlapping region between RRHs, or for moving UEs, the PRB contents of the CoMP set transmission points would need to be the same.
2.2.2. CSI-RS configuration
· In Rel. 10 the total number of supported antenna ports is 40, which can be used to give a frequency-reuse factor of 5 between cells with 8 antenna ports per TP, or a frequency-reuse factor of 20 in case of 2 antenna ports per TP.
· In order to exploit this feature for CoMP operations, Rel. 11 needs to allow distinct channel measurements from different transmission points. If the different transmission points have different cell-IDs, this can easily be enabled by defining CSI-RS-based feedback signalling for multiple cells. In Scenario 4, some alternatives could be:
· UE-specific CSI-RS ports could be configured by RRC corresponding to the antenna ports of the nearest transmission point, but this does not enable simultaneous CSI measurements to be made of any  “neighbour” transmission points, as would be needed for CoMP schemes such as CB/CS. 
· UE-specific CSI-RS ports could be configured corresponding to the total set of antenna ports of more than one transmission point. This would give the joint CSI which could be useful for JP COMP, for example. However, the current codebooks are not well suited to joint channels from disparate antennas, and therefore new feedback codebooks would be needed. 
· It should be noted that it was agreed in RAN1#62bis that the configuration of CSI-RS is cell-specific. If UE-specific configuration is to be used, assumptions need to be defined regarding how the data for one UE is rate-matched or punctured for CSI-RS for other UEs. Assuming that puncturing is used, the resulting performance degradation would need to be taken into account. 
· A more straightforward approach would be to allow a UE to feed back multiple independent CSI reports derived from different (sets of) CSI-RS ports with the same cell ID. The indication of the different (sets of) CSI-RS ports would have to be UE-specific. For example, in a cell with 8 CSI-RS ports configured, independent CSI feedback could be configured for two sets of 4 CSI-RS ports, or 4 sets of 2 CSI-RS ports. It could also be considered whether more than 8 CSI-RS ports should be supported under a single cell-ID. 
Proposal 4: Consider the configuration of multiple CSI-RS-based feedback for different sets of CSI-RS ports under a single cell ID, and consider whether more than 8 CSI-RS ports need to be supported under a single cell-ID.

Proposal 5: Clarification should be provided on how rate-matching or puncturing is performed in case of UE-specific CSI-RS configuration. If puncturing is used, the resulting performance degradation should be taken into account in the CoMP performance evaluation. 
2.3. Control channel operation

· Since the phase reference for the PDCCH is the CRS, the PDCCH can only be transmitted from the central entity if the CRS are only transmitted from the central entity. Transmitting different PDCCHs from different RRHs is therefore not an option in this case.
· If the RRHs also transmitted CRS, the PDCCH for a given UE could be transmitted from the closest RRH(s). The same CCEs could then in theory be re-used for other UEs from different RRH(s). In this case, the method of RRH selection for each UE would need to be defined. Some possibilities might include measurements using the CSI-RS or the UL sounding SRS, but these would need to be evaluated. 
· In order to enable sufficient PDCCH capacity in Scenario 4 with MU-MIMO operation, the PDCCH capacity may need to be increased compared with Rel-10. Approaches similar to UE-specific PDCCH may need to be considered.

Proposal 6: The PDCCH performance and capacity need to be carefully evaluated for Scenario 4. If PDCCH is transmitted from the RRHs, the method of RRH selection would need to be defined. 
2.4. Demodulation RS
As noted above, Scenario 4 operates as MU-MIMO. 

Rel-10 allows up to a maximum of 4 distinct DM-RS to be configured for MU-MIMO, using 2 orthgonal ports and 2 non-orthogonal scrambling codes. 

Any greater number of simultaneously-served UEs would have to be separated by SDMA alone, with exactly the same DM-RS signalling values being reused between UEs. 
It would be relatively straightforward, however, to modify the signalling to allow up to 8 UEs to be supported in MU-MIMO. 

Note that by contrast Scenario 3 can support 4 spatially-multiplexed UEs per cell, and with the same simple modification as outlined above Scenario 3 could support up to 8 UEs per cell.
Proposal 7: For evaluation of Scenario 4, up to 8 UEs may be assumed to be able to be configured in MU-MIMO. Greater numbers of co-scheduled UEs must be separable by SDMA alone. 
It has been suggested that additional RRH-specific scrambling would be beneficial for the DMRS for Scenario 4. However, this would effectively give each RRH its own ID, which becomes equivalent to Scenario 3 with regard to the DM-RS. Therefore for the evaluation of Scenario 4, RRH-specific scrambling on the DM-RS should not be assumed. 

Proposal 8: For evaluation of Scenario 4, do not use any RRH-specific scrambling.  

2.5. Hand-over / RRH association
· It is understood that Scenario 4 would not require a handover procedure between the RRH coverage areas. 

· The exact mechanism for supporting transfer from one RRH to another is not clear in Scenario 4. We assume that no higher-layer signalling would be involved, since there is no change of cell ID, but a reconfiguration of the CSI-RS ports to measure may be needed. 

· A mechanism for RRH selection would need to be assumed for the evalution of Scenario 4. The nearest RRH could be measured either by SRS or by CSI-RS (see discussion above regarding CSI-RS). 
Proposal 9: For evaluation of Scenario 4, both SRS-based and CSI-RS-based RRH selection should be evaluated. 

2.6. UE Positioning

It should be noted that Scenario 4 constrains the accuracy of cell-ID-based UE positioning techniques compared to Scenario 3, due to the fact that in Scenario 4 a single cell-ID covers a much larger area. 

For OTDOA, either CRS or cell-specific PRS is used for positioning in Rel-9. This scheme could work well in Scenario 3 without changes. However, with Scenario 4, location estimation accuracy would depend on how CRS and/or PRS are transmitted (from which antennas), and this would need to be clarified. This may impose some limitations on Scenario 4 deployment.

Proposal 10: For evaluation of Scenario 4, the antennas used for transmission of PRS needs to be clarified. Positioning performance evaluation should be included in the evaluation of Scenario 4.
2.7. Uplink Power Control
The principle of UL power control is to compensate for the path loss and minimize the inter-cell interference.  The transmission power (referenceSignalPower in PDSCH-ConfigCommon) is common to all UEs to enable the UEs to estimate the pathloss for the power control computation.    For Scenario 4, a single cell ID contains high power Tx antenna and low power RRH.  A cell could only specify one value of the transmission power.  Further clarification is therefore needed on the setting of the signalled transmission power for Scenario 4.  

Furthermore, if the CRS is transmitted from only the central entity in Scenario 4, the UL power control would compensate the pathloss from the central entity only.  When the UE is close to an RRH in Scenario 4 as shown in Figure 1, the UE would be overpowered, which might saturate the RRH receiver and  could create large interference to one or more RRHs in a neighbouring cell.  The system-level power control would need to be studied further for this scenario.  
If, on the other hand, the CRS is transmitted from both the central entity and the RRHs in Scenario 4, the pathloss is difficult to estimate since it contains two sources of CRS Tx power.  Further clarification would be needed on how the UE performs pathloss estimation if the CRS are transmitted from both central entity and RRH.  
Proposal 11: For evaluation of Scenario 4, clarification should be provided on the signalled value to be assumed for the reference signal transmission power, and also on the expected method of pathloss measurement for the UEs in case the CRS are transmitted from the RRHs.
3. Conclusions 

In this document, the main technical difference of CoMP Scenario 4 have been discussed by comparison to Scenario 3. 
If evaluation of Scenario 4 is to be performed, we propose the following for the purpose of alignment of the evaluations:
Proposal 1: Further study would be needed to identify whether Scenario 4 can adequately support spatial reuse,  including Rel-8/9 legacy users. 

Proposal 2: The mechanisms for supporting legacy UEs, and the performance available to legacy UEs, must be evaluated. 

Proposal 3: The configuration of CRS transmission needs to be defined.
Proposal 4: Consider the configuration of multiple CSI-RS-based feedback for different sets of CSI-RS ports under a single cell ID, and consider whether more than 8 CSI-RS ports need to be supported under a single cell-ID.

Proposal 5: Clarification should be provided on how rate-matching or puncturing is performed in case of UE-specific CSI-RS configuration. If puncturing is used, the resulting performance degradation should be taken into account in the CoMP performance evaluation. 
Proposal 6: The PDCCH performance and capacity need to be carefully evaluated for Scenario 4. If PDCCH is transmitted from the RRHs, the method of RRH selection would need to be defined. 
Proposal 7: For evaluation of Scenario 4, up to 8 UEs may be assumed to be able to be configured in MU-MIMO. Greater numbers of co-scheduled UEs must be separable by SDMA alone. 
Proposal 8: For evaluation of Scenario 4, do not use any RRH-specific scrambling.  

Proposal 9: For evaluation of Scenario 4, both SRS-based and CSI-RS-based RRH selection should be evaluated. 

Proposal 10: For evaluation of Scenario 4, the antennas used for transmission of PRS needs to be clarified. Positioning performance evaluation should be included in the evaluation of Scenario 4.
Proposal 11: For evaluation of Scenario 4, clarification should be provided on the signalled value to be assumed for the reference signal transmission power, and also on the expected method of pathloss measurement for the UEs in case the CRS are transmitted from the RRHs.
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