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1 
Introduction
In RAN#53 CoMP study item was closed and it was agreed to start the actual specification work within a CoMP Work item. In this paper we provide our high level view on how to prioritize among schemes. In addition we highlight dynamic cell selection as a particular attractive CoMP scheme for standardization in R11. Finally we discuss the standardization impact and conclude on the proposed priorities for the CoMP work in R11. 
2 
Prioritizing DL CoMP schemes for Rel-11
There are a number of different CoMP schemes on the table for R11. To insure that the efforts of 3GPP are adding maximum value it is important to concentrate standardization efforts on schemes which are more likely to be deployed in LTE networks. The current trend for LTE deployment is that the majority of deployments are using 2x2 antenna setup for FDD downlink. Based on this we make the following proposal:

Proposal: 3GPP should give priority to DL CoMP schemes bringing gain in 2x2 antenna configuration.

For 2x2 antenna setup, even considering R10 DL MIMO enhancements, the optimal downlink transmission mode is still CRS based closed loop MIMO (tx mode 4) due to the lower reference signal overhead compared to DM RS based transmission modes. On the other hand most CoMP studies have so far taken DM RS based demodulation as a precondition. This however limits the gain in the 2tx case as the extra RS overhead needs to be compensated. Based on this observation, we propose to also consider CoMP schemes not only focusing on TM9 but also enabling proper operation for Rel-8 transmission modes where demodulation is based on CRS.
Proposal: Rel-11 CoMP to be specified should also consider supporting CoMP operation where UE demodulation is based on CRS.
Another trend in LTE deployments is that eNode Bs are deployed in a distributed manner so that one eNode B only handles a limited number of cells. Also the connections between eNode B and the antenna is typically handled by a point to point fiber connection, and not by networks which would allow antennas from multiple points to be routed to the eNode B. This observation indicates that if we take today’s LTE deployments as a starting point for standardizing CoMP schemes, then we should give priority to CoMP schemes which do not rely on having the baseband signals from many transmission/reception points available in one location (centralized baseband). This will maximize the usage scenarios for CoMP. Moreover, the CoMP schemes which can operate over non-ideal backhaul have inherently more freedom adapting coordination sets to individual UEs without limitations from the network topology.
Proposal: DL CoMP schemes which can operate in deployments with non-ideal backhauling between coordinating cells/points should be given priority.
3 
Preferred DL CoMP scheme for Rel-11
The CoMP scheme that we would like to highlight for standardization in Rel-11 is within the category of dynamic cell selection (DCS) schemes. DCS can work in all the agreed CoMP scenarios and it provides robust gains for cell edge UEs. DCS relies on mainly two gain mechanisms 1) Channel aware cell/point selection and 2) Dynamic load balancing. 
In the results presented in appendix 1, we demonstrate that a simple DCS scheme can improve the performance of cell edge users up to 17%. Basically, the cell edge UE is selecting its preferred cell autonomously without any further global optimization by the scheduler. With further optimized scheduler the gain can be increased even further.
Here it is important to highlight that the gain is achieved for a 2x2 MIMO configuration where the baseline is using TM 4; one of the most widely used mode. In contrary to most other CoMP schemes, DCS can operate for all based on CRS demodulation based TMs without any additional RS overhead as well as CSI-RS & DM-RS based TMs (TM7-TM9).
Observation: DCS provides a robust gain in downlink cell edge user throughput in the most widely used LTE antenna configuration and can operate with all available downlink transmission modes.
In heterogeneous networks DCS is even more attractive because it allows the decoupling of downlink and uplink cell selection with low-latency/low-capacity backhaul. Assuming that downlink cell is selected based on RSRP then DCS for uplink can provide important gains without increasing UL receiver complexity. Appendix 2 showed uplink cell edge throughput is improved by 70% from DCS.
Observation: For heterogeneous networks, DCS provides substantial gains on the uplink performance.
Finally, we highlight that at least certain implementations of DCS allows for operation over imperfect backhaul. Assuming that DCS is implemented so that physical layer functions are terminated within the node managing the cell then the coordination needed simply relates to switch the data flow. This could be done with periodicities of 10-100 ms. 
Observation: DCS can be implemented so that it can operate over imperfect backhaul. 
Proposal: 3GPP should prioritize the standardization of DCS for Rel-11 Downlink CoMP.

4 
Standardization impact
The impact to LTE standard from standardizing CoMP in R11 depends on the implementation approach taken. Assuming that the framework for carrier aggregation is reused to support DCS the standard impact is very limited. Two different DCS operation modes inherited from Rel.10 CA can be reused:
Cross-cell scheduling: PDCCH for allocating data transmission in the candidate cells is transmitted from one primary cell and only the data channels are switched.

Multi-cell scheduling: Here the PDCCH is transmitted from the same cell as the data transmission and the UE monitors PDCCH on multiple cells.
Both of these modes have their own benefits and are automatically supported within the existing carrier aggregation framework so no need for further specification changes.

From specification point of view the main issue for supporting DCS via cell aggregation is to clarify UE capabilities so that it is clear for eNB whether the UE supports aggregation of cells on the same carrier. In contrast to today’s carrier aggregation support in the UE, where it is coupled with the UE RF capability, the aggregation of cells with the same carrier frequency doesn’t even require additional RF & RX front-end capabilities in the UEs.
Proposal: The R10 carrier aggregation framework should be reused as much as possible in order to provide support for DCS among cells in the Rel-11 standard.
5 
Conclusion
In this contribution we made a number of observations and proposals for Rel.11 CoMP WI: 
Proposal: 3GPP should give priority to DL CoMP schemes bringing gain in 2x2 antenna configuration.
Proposal: Rel-11 CoMP to be specified should also consider supporting CoMP operation where UE demodulation is based on CRS.
Proposal: DL CoMP schemes which can operate in deployments with non-ideal backhauling between coordinating cells/points should be given priority.

Proposal: 3GPP should prioritize the standardization of DCS for Rel-11 Downlink CoMP.

Proposal: The R10 carrier aggregation framework should be reused as much as possible in order to provide support for DCS among cells in the Rel-11 standard.
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Appendix 1 Simulation results for downlink dynamic cell selection in homogeneous network 
In the following we give simulation results showing the benefits of adding DCS CoMP to a widely used LTE Rel-8 deployment, for detailed parameter settings see Table 3. In  REF _Ref305078141 \h 
 we show results for a configuration with 5 or 10 active users with full buffer traffic model. We can see that DCS provides clear improvement on cell edge with a gain of more than 17 % in the case with 5 active users.
The overhead considered for SU-MIMO and DCS is 22.06% (L=2) assuming TM4. In the case of JP, CoMP eligible UEs are assumed to be using TM9 while the rest of the UEs are in TM4. The overhead for TM9 is considered to be 29.44% (L=2, 0/10 MBSFN). Note that most of the UEs are not CoMP eligible, so the number of configured MBSFN subframes is envisioned to be very small.
Table 1 % Gains in full-buffer Scenario 2 

	
	Relative gain at  5% UE throughput 
	Relative gain at Mean UE throughput
	Comments

	DCS – tx mode 4 (FS)
	+17.4%
	-1.6%
	5UE/cell

	DCS – tx mode 4 (FS)
	+10.8%
	-1.1%
	10UE/cell

	DCS – tx mode 4 (WB)
	+10.02%
	-0.03%
	10UE/cell

	JP – tx mode 4, 9 (WB)
	+6.52%
	+0.26%
	10UE/cell


Table 2: % Gains in bursty Scenario 2 with WB scheduler
	Offered load
	Relative gain at  5% UE throughput
	Relative gain at  Mean UE throughput
	CoMP technique

	12 Mbps


	+10.31%
	-2.1%
	DCS

	
	+12.54%
	-1.52%
	JP

	10 Mbps
	+2.55%
	-1.24%
	DCS

	
	+8.34%
	-1.99%
	JP


Table 3 Parameter settings for the DL CoMP simulation results presented in this appendix
	Parameter
	Value

	Deployment scenario
	CoMP scenario 2

WB scheduler: 9 cells cooperation
FS scheduler: 57 cells cooperation

	Channel model
	SCM Urban macro, 3kmph

	Antenna configuration
	2Tx (cross polarization) 2Rx (cross polarization)

	UE receiver
	WB scheduler: MMSE 

FS scheduler: MMSE-IRC, 

	Traffic 
	Full buffer or FTP Model 1

	DCS algorithm
	UE select its preferable secondary cell from cooperating set
UE selects the better link based on wideband CQI measurement.

	JP algorithm
	Dynamically switching between dynamic cell selection and SU-MIMO (rank1, rank2) joint transmission from two eNBs. 

	UE feedback
	WB scheduler: WB CQI/PMI/RI, Period: 10ms, Delay 10 ms

FS Scheduler: Aperiodic Mode 3-1, Period: 5ms, Delay 6 ms


	Scheduling
	Frequency selective (FS) or wideband (WB) packet scheduling

	Transmission mode
	4 for DCS, 9 for JP


Appendix 2 Uplink simulation results for independent cell selection for uplink and downlink
Simulation setup
With DCS allowed in uplink it is possible to schedule uplink in a different cell than downlink UL cell coverage. We assume all UEs are aggregating two cells. The primary cell is selected following RRM measurement as in Rel.8 (RSRP based cell selection). But the secondary cell is selected following minimal pathloss criteria to optimize the uplink coverage. So, in this use case of cell aggregation, Pcell is used to transmit PDCCH only, and Scell is used for PUSCH only (Baseline is RSRQ based cell selection.). Detailed simulation parameters can be found in.
Simulation results

	
	UL Coverage 
Spectrum 
efficiency  [bps/Hz]
	UL Average 
Spectrum 
efficiency  [bps/Hz]
	Uplink UE association ratio to Pico

	Rel-8 Uplink
	0.7025
	2.841
	69%

	DCS CoMP
	1.2373
	3.2345
	90%

	Gain
	76%
	14%
	


Table 4 Uplink Simulation results for independent DL and UL cell selection.
If UE is able to select the secondary cell using pathloss criteria, the association ratio to pico is much higher than RSRQ based, the reason is that the transmitting power difference between macro and pico shrink the coverage of pico in downlink, but not in uplink. Pathloss based cell selection is more reasonable in this scenario as it is more fit to actual equivalent Pico coverage in uplink.
Table 5 Parameter settings for the UL simulation results presented in this appendix

	Parameter
	Value

	Deployment scenario
	CoMP scenario.3 in TR36.819

	Antenna configuration
	1x2

	eNB receiver
	MMSE-IRC

	Traffic 
	Full buffer

	Power Control
	FPC formula ((=[0.9, 0.7])

	Sounding
	Ideal channel estimation, SRS is transmitted every 10ms

	DCS algorithm
	PDCCH received from cell with best RSRP, PUSCH scheduled in the cell with minimal path loss using the relevant transmission parameters for that cell.


