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1 Introduction
At RAN1 #64, many companies have expressed views on different aspects on the deployment and operation of scenarios 3 and 4 [1-13]. 

· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage
· 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.
In this contribution, the operation of scenario 3 and scenario 4 is compared, and the impact on CoMP and other procedures is analyzed. Possible solutions and additional implementations are also listed to solve the issues raised by those scenarios. Note that our focus is on aspects that are not common to the CoMP specification aspects applicable to both scenarios 1 and 2, such as enhanced CSI feedback.

2 Analysis of CoMP operation in scenario 3 and scenario 4

The difference between scenario 3 and scenario 4 is whether the Macro and RRH nodes share the same cell ID or not. The resulting differences in UE/eNB operation have been analyzed in the following four aspects:

· Control and data channels transmission

· Reference signals configurations;

· RLM and RRM procedures;

· Operation with almost blank subframe

Some of the key observations are summarized below:

· Transmission of control and data channels: scenario 4 may experience a lower PDCCH capacity due to the lack of cell-splitting gain, unless new features are introduced for Rel-11 UEs. The transmission of CRS-based PDSCH in scenario 4 may also suffer from lack of cell-splitting gain. Overall, scenario 4 seems less capable of handling the traffic of Rel-8 UEs than scenario 3.
· RS configurations: The transmission of CRS in scenario 4 should be carefully planned to avoid problems with uplink power control. The interference mitigation capability on DMRS, UL RS and SRS as the number of UEs increases may be reduced in scenario 4 compared to scenario 3. 

· RLM and RRM procedures: Scenario 4 with independent transmissions from different RRHs may require some new procedures for intra-cell interference measurements, RSRP/RSRQ measurements, uplink power control and uplink timing advance.

· Coping with HetNet interference in scenario 3 may be achieved with either Rel-10 eICIC or with enhanced PDCCH and CoMP techniques, but it may be difficult to operate Rel-10 eICIC with CoMP JT simultaneously. Consequently, Rel-10 or Rel-11 UEs may suffer some performance loss according to the priority given to Rel-10 eICIC or Rel-11 CoMP JT operation in Rel-11 networks.
2.1 Comparison of control and data channels transmission in scenarios 3 and 4
In scenario 3, all control and data channels are transmitted by each transmission point with its own cell ID. Cell splitting gain is naturally obtained as in conventional heterogeneous networks. 

In scenario 4, PDCCH and CRS-based PDSCH transmission could be transmitted from every point in the cell as in SFN. This could improve the transmission quality in comparison to transmitting from the macro site only. The PDCCH and CRS-based PDSCH capacity, however, may be reduced per unit of area in comparison with scenario 3. This capacity loss seems to be unavoidable for Rel-8~10 UEs. For Rel-11 UEs, it may be possible to send the PDCCH in the PDSCH region to increase the PDCCH capacity. 

In scenario 4, DMRS-based and uplink transmissions may still benefit from cell splitting gain if different UEs receive/transmit PDSCH from/to different RRHs. Interference mitigation capability, however, is reduced due to the same cell ID scrambling as the number of active UEs increases, in comparison with scenario 3. Note that even in TM9, the fallback mode and normal mode with PMI-disabling are also CRS-based transmissions. For Rel-11 UEs, additional scrambling may be introduced to mitigate interference while obtaining cell splitting gain. 

2.2 Comparison of reference signals configuration in scenario 3 and 4
In scenario 3, all reference signals are transmitted from each cell. Cell-splitting gain is obtained. Up to 4-layer MU-MIMO and 8-layer SU-MIMO can be supported in each cell. Cell-splitting gain is also obtained for SRS and UL DMRS.
In scenario 4, the interference mitigation capability on DL DMRS, CRS, CSI-RS, UL RS and SRS is reduced due to the same cell ID scrambling in comparison with scenario 3. For Rel-11 UEs, it is possible to introduce additional scrambling or more resources for DMRS, UL RS and SRS in order to increase the number of orthogonal dimensions. 

In scenario 4, PRS cannot be transmitted from every RRH/Macro, which would result in invalid positioning information. PRS can only be transmitted by the macro node.

2.3 Comparison of RLM and RRM operations in scenario 3 and 4
	Operation
	Scenario 3
Multiple cell-IDs
	Scenario 4
Single cell ID

	Handover
	Handover is needed among multiple cells. It is handled by existing handover mechanisms. CoMP measurement set needs to be updated as the UE moves across cells.
	Handover is not needed within the same cell ID. CoMP measurement set needs to be updated within the same cell as the UE moves across RRHs.

	Point association
	If pathloss based selection in uplink and RSRP based selection in downlink is targeted, so that uplink reception and downlink transmission can be associated with different points, then some standardization will be needed at least for non-CoMP transmissions (e.g. RS, control).
	For Rel-11 UE, enabling pathloss based selection in uplink and RSRP based selection in downlink, so that uplink reception and downlink transmission can be associated with different points, is feasible by eNB implementation and requires minimal standardization.

	Interference measurement
	The interference can be measured from CRS of the serving cell by reusing existing mechanisms.
	if CRS and PDSCH are transmitted from all points as in SFN, then interference measurements will effectively capture the out-of-cell interference. On the other hand, if cell-splitting gain is exploited in scenario 4 by dynamically transmitting different PDSCH from different transmission points, then a UE may fail to capture intra-cell interference. For Rel-8~10 DMRS-based transmission, it is unclear how much performance degradation would be incurred by the inaccurate interference measurements. For Rel-11 DMRS-based transmission, a new interference measurement mechanism may be required.

	RSRP/RSRQ measurement
	The RSRP/RSRQ is measured from CRS as in legacy systems.
	if CRS are not transmitted as in SFN, RSRP/RSRQ measurements of Rel-8~10 UEs would be affected. A new mechanism may be needed for Rel-11 UEs. On the other hand, if CRS are transmitted from all points via SFN, the RSRP/RSRQ measurement is the combined measurement of all the transmission points, and this may result in new handover requirements.

	Uplink power control
	The pathloss is measured from the CRS of the serving cell. It is possible to introduce new UL PC for CoMP UEs, considering multiple cells would serve a UE simultaneously.
	If CRS are transmitted from all points via SFN, the pathloss measurement result is the combined measurement from all the transmission points. This may result in inaccurate UL PC procedure and may not adapt easily if uplink cell splitting gain is desired. For Rel-11 UEs, a new pathloss measurement method would be required, but some loss would be incurred for Rel-8~10 UEs.

	Uplink timing advance
	TA is associated with the serving cell.  It is possible to introduce new TA for CoMP UEs, considering multiple cells with different propagation delays would serve the UE simultaneously.
	TAs from different RRH in the serving cell would need to be different. For Rel-8~10 UEs, eNB could adjust the TA to the serving RRH based on UL signal. It is an implementation issue. For Rel-11 UEs, it is possible to introduce new TA mechanism, considering multiple cells with different propagation delays would serve the UE simultaneously..


Interaction between CoMP and eICIC in scenario 3 and 4
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Figure 1. Example of CoMP transmission with Macro-RRH subframe shift
Rel-10 eICIC solutions are applicable in scenario 3, but some practical issues have been raised in [2]. Operation of ABS with a subframe shift in scenario 3 along with CoMP incurs the following constraints:

· When macrocell and picocell subframe types are different (e.g. MBSFN in macrocell and normal subframe in picocell, or vice-versa), CoMP JP cannot be applied on every resource element.
· CoMP JP between the macrocell and one picocell cannot be scheduled in restricted measurement subframes since it would create interference to other picocells.

Some scheduling restriction would therefore be incurred when Rel-10 eICIC features are configured, such that the macro-pico JP transmission occurs in subframes that do not correspond to restricted measurement subframes and that are of the same type (normal or MBSFN) in the macrocell and picocell. In order to apply CoMP in restricted measurement subframes, CS/CB techniques may be more appropriate in the sense that they may require less standard efforts to optimize. Alternatively, potential enhancements of the PDCCH in Rel-11 with DMRS and spatial coordination of PDSCH transmissions between the macro and pico cells could allow the network to operate CoMP JT without Rel-10 eICIC once legacy UEs are no longer present. Hence different types of CoMP schemes may be supported in scenario 3 depending on the presence of legacy (Rel-10) UEs, if CoMP is to be optimized for operation with and without Rel-10 UEs.
In scenario 4, if cell-splitting gain is not targeted then all RS and PDCCH transmissions from the different transmission points align within the cell, and no special interference avoidance or mitigation technique between the macro node and the low power nodes is required. If cell-splitting gain is targeted in scenario 4, , then new standardized features would need to be specified for scenario 4 for coping with intra-cell interference due to RS and PDCCH. 

3 Conclusion

This contribution provides a comparison of scenario 3 and scenario 4 in different aspects of network operations. From the analysis, it can be observed that scenario 4 would require noticeable extra standardization effort and eNB implementation complexity than scenarios 1 and 2. Scenario 3 may also require some specific handling for the coexistence of Rel-10 eICIC and certain Rel-11 CoMP schemes. Therefore, we suggest to first conclude the CoMP study for the simple scenarios 1 and 2 before moving to the more complicated scenarios 3 and 4, noting that significant CoMP gains have been demonstrated in scenarios 1 and 2 [14]. Further study of the performance and complexity of scenarios 3 and 4 can be based on observations and potential solutions outlined in this contribution.
Observation:

· Both scenarios 3 and 4 would require noticeable extra standardization effort and eNB implementation complexity for CoMP than scenarios 1 and 2, especially scenario 4.

Proposals:

· If standardization efforts are deemed too large for specifying CoMP for all four scenarios, prioritize scenarios 1 and 2 in Rel-11.

· First conclude on the CoMP performance and need for standardization in scenarios 1 and 2, then continue the CoMP study in scenarios 3 and 4 until the end of the CoMP SI.
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