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1. Introduction
Four key deployment scenarios are identified in previous RAN1 meetings to facilitate further discussion on COMP scheme design and evaluations. They are: 
1. Homogeneous network with intra-site CoMP

2. Homogeneous network with high Tx power RRHs 

3. Heterogeneous network with low power RRHs within the macro-cell coverage 
4. Network with low power RRHs within the macro-cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.
Our Phase-1 evaluation results are captured in contributions to previous meeting [3]

 REF _Ref300562983 \r \h 
[4]. Phase-2 evaluations with Coordinated Scheduling (CS) schemes are provided in a companion contribution [2].

In this contribution, the JP results are updated for Phase-2 deployment scenarios. JP operations are similar to the evaluations in [3] and provided in the appendix. 
2. Evaluation Results for 2Tx Cross-pol, Configuration 1
For evaluations, we mainly focus on cross-pol scenarios for joint transmission and coordination area of one sector (5 cells). The results are shown with full buffer and FTP non-full buffer (“Model 2” in TR36.814) with K users, where K varies in the range [10-40] to reach different load factors and resource utilization. Additional simulation assumptions are summarized in the Appendix.
The tabulated cell average throughput is the total throughput supported over the whole sector area (including the 4 Low Power Nodes (LPNs))
	Transmission Mode
	Cell Average Throughput  (Mbps) and Percentage Gain
	Cell Edge Throughput (Mbps) and Percentage Gain

	SU-MIMO
	74.344
	
	0.312
	

	SU-MIMO (DCS)
	74.200
	0%
	0.335
	7%

	JT-MIMO
	76.353
	3%
	0.354
	13%


Table 1 - Full Buffer Results 

	Load
	Avg. User Throughput (Mbps) and % Gain          
	5% User Throughput (Mbps) and % Gain
	Served Cell Throughput
(Mbps)
	Resource Utilization (%)

	SU-MIMO

K=10
	22.250
	
	7.589
	
	6.373
	7

	SU-MIMO  DCS, K = 10
	22.192
	0 %
	7.672
	1%
	6.402
	7

	JT-MIMO

K=10
	25.263
	14%
	8.829
	16%
	6.475
	8

	SU-MIMO

K=20
	17.882
	
	4.630
	
	12.395
	18

	SU-MIMO  DCS, K = 20
	17.977
	1%
	4.700
	1%
	12.725
	17

	JT-MIMO

K=20
	19.745
	10%
	5.087
	10%
	12.912
	19

	SU-MIMO

K=30
	13.727
	
	2.771
	
	17.952
	29

	SU-MIMO  DCS, K = 30
	13.744
	0%
	3.025
	9%
	17.994
	28

	JT-MIMO

K=30
	15.021
	9%
	3.277
	18%
	18.282
	31

	SU-MIMO

K=30
	10.770
	
	0.948
	
	22.980
	38

	SU-MIMO  DCS, K = 40
	11.067
	0%
	1.228
	30%
	23.041
	37

	JT-MIMO

K=40
	11.927
	11%
	1.337
	41%
	23.374
	41


Table 2 - Non-Full Buffer Results 

Observations:

Based on the above result, we note that,
· For full buffer traffic, the gain is only observed for cell-edge performance.

· For non full buffer traffic, cell-average gains of ~10% are obtained at all loads. On the other hand, cell-edge gains are mainly observed at high loads. Further, we also note that using a simple DCS scheme with dynamic TP selection, most of the cell-edge gains can be realized.

3. Evaluation Results for 2Tx Cross-pol, Configuration 4b

	Transmission Mode
	Cell Average Throughout (Mbps) and % Gain
	Cell Edge Throughout  (Mbps) and % Gain

	SU-MIMO
	92.010
	
	0.468
	

	SU-MIMO (DCS)
	91.197
	0%
	0.513
	10%

	JT-MIMO
	96.880
	5%
	0.528
	13%


Table 3 - Full Buffer Results 

	Load
	Avg. User Throughout (Mbps) and % Gain          
	5% User Throughout (Mbps) and % Gain
	Served Cell Throughout
(Mbps)
	Resource Utilization (%)

	SU-MIMO

K=10
	25.306
	
	8.96
	
	6.430
	6%

	SU-MIMO  DCS, K = 10
	25.503
	1%
	9.47
	6%
	6.419
	6%

	JT-MIMO

K=10
	28.714
	13%
	10.59
	18%
	6.363
	7%

	SU-MIMO

K=20
	23.826
	
	7.604
	
	12.764
	14%

	SU-MIMO  DCS, K = 20
	23.982
	1%
	8.094
	6%
	12.745
	13%

	JT-MIMO

K=20
	27.497
	15%
	8.609
	13%
	12.778
	15%

	SU-MIMO

K=30
	21.266
	
	5.512
	
	18.616
	22%

	SU-MIMO  DCS, K = 30
	21.331
	0%
	5.606
	2%
	18.851
	22%

	JT-MIMO

K=30
	23.842
	12%
	6.314
	15%
	18.872
	24%

	SU-MIMO

K=40
	18.442
	
	4.655
	
	25.177
	32%

	SU-MIMO  DCS, K = 40
	18.542
	0%
	4.657
	0%
	25.304
	32%

	JT-MIMO

K=40
	20.652
	12%
	5.567
	20%
	25.197
	34%


Table 4 - Non-Full Buffer Results 

Observation
· Overall, the gain with DCS and JP schemes are smaller with configuration 4b, where UEs are dropped within the pico coverage area.
· No significant gains are observed with DCS schemes are observed. This may be because there are fewer pico UEs that have comparable signal strength to a macro.
4. Conclusions

In the contribution, we provide system level evaluation results for Phase-2 based on Scenario 3. The observations are summarized below:
For configuration 1:

· For full buffer traffic, the performance gain is only seen for cell-edge performance.

· For non full buffer traffic, cell-average gains of ~10% are obtained at all loads. On the other hand, cell-edge gains are mainly observed at high loads. Further, we also note that using a simple DCS scheme with dynamic TP selection, most of the cell-edge gains can be realized.

For Configuration 4b:

· Overall, the gain with DCS and JP schemes are smaller with configuration 4b, where UEs are dropped within the pico coverage area.
· No significant gains are observed with DCS schemes are observed. This could be because for configuration 4b, there are fewer UEs that have comparable signal strength to a two cells as opposed to configuration 1 with uniform dropping of UEs.
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APPENDIX

6. Further Details of JT Operation

6.1. UE Feedback

The feedback for joint processing could be designed as an extension of existing feedback schemes, specifically implicit feedback as defined in Release-10. Some details of UE feedback are described below.

Number of RRH for joint transmission
UE ranks the dominant RRH based on their received powers and reports an aggregation level for joint transmission as either one or two RRHs. Two RRH is recommended if the second dominant RRH is within a certain SNR threshold (10 dB) to the best RRH. This may be considered by the scheduler as the UE’s preferred maximum aggregation level for joint transmissions. The selected RRH are also reported. 

Clearly, the complexity of RRH selection described is not very significant at the UE if simply based on received powers. Another approach would be for an UE to select RRH by actually computing the joint PMI and then the associated CQI to capture the MIMO and short-term aspect more accurately, but adds additional implementation burden and may not be necessary.

CSI Feedback 

To down-select between 2-RRH joint transmission and single-cell transmission, UE does not have all information to decide whether a particular aggregation level necessarily improves system performance since JT does require resources from 2 RRHs. This problem is similar to the MU CSI issue when determining between SU and MU operation. The optimal selection may depend on the traffic conditions/loading in other cells and channel conditions to other UEs for the same set of RRHs available to the joint scheduler. For the purpose of this simulation evaluation, we assume that if the UE reports aggregation level of two, then it reports CQI/PMI/RI for both single cell transmission as well as joint transmission to allow additional flexibility at the scheduler.

PMI Computation for Joint Codebooks

For two RRH joint transmissions with 2Tx/RRH, Rel-10 4Tx codebook is used as joint codebook. For two RRH joint transmissions with 4Tx/RRH, Rel-10 4Tx codebooks are used as per-cell codebooks with QPSK co-phasing.  

For 2Tx JT, PMI is determined by evaluating CQI for each entry in the joint “4-Tx” Rel-8 codebook. On the other hand for 4Tx JT, individual per-cell PMIs 
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 are determined by maximizing the per-cell CQIs, assuming single-cell transmission. For the joint PMI, the search is only performed over the co-phasing codebook (e.g., a QPSK codebook). 
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Our results show reasonable gains with this method. Clearly, the loss would be larger for higher rank transmissions, which are anyway of less interest for joint transmission schemes.

DCS (Dynamic Cell Selection) and SU-MIMO

For SU-MIMO feedback, the UE reports the CQI/PMI/RI based on long-term RRH association. With dynamic cell selection (DCS), UE additionally reports selected RRH on a sub-band basis, based on instantaneous fading.

6.2. Joint Scheduler

A joint scheduler allocates data intended for a UE through one or more RRH controlled by a single eNB. For this result, a suboptimal greedy algorithm is used maximize the sum rate in the cluster of 9 cells based on the UE CSI feedback, which is further described below:
1)  Determine the potential JT UEs and non-JT UEs based on the UE feedback received. 

2) For each RRH 
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, select the UE 
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with the best proportional rate 
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assuming single cell transmission. 

3) Sort all the JT UEs 
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 by the corresponding rates 
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based on JT, where 
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 is the proportional rate of UE 
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with associated JT RRH pair 
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4) For each JT-UE 
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in Step 3 in the determined sorting order, and associated JT RRH pair
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, where 
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 is the proportional JT rate for UE
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. Skip the UE if either cell i or cell j are already assigned.
If 
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, then assign joint transmission on RRH pair 
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Otherwise, assign single RRH transmission on both with the corresponding UEs.

If JT is selected, update rate metric of cells 
[image: image19.wmf](.)
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and UE assignments 
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as follows:
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otherwise,
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where for JT, the normalization for rate metric
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 normalizes for the shared transmission using twice the resource.

5) Assign the unoccupied RRH for single RRH transmissions and update the rate metric and UE assignments.

6) Perform a fixed number of iterations (to limit complexity) to search for further optimization in (5) by swapping JT mode with Non-JT mode in additional pairs of cells. The search is based on comparing the normalized rate metrics corresponding to each node. 

The above algorithm works well, as long as the numbers of CoMP UEs in the cluster are comparable to the number of nodes. For much larger number of CoMP UEs, further improvements may be studied.  
6.3. UE Measurement and Link Adaptation

The link adaptation is modeled with delayed CSI and frequency selective interference modeled, No estimation errors are modeled in channel and reference interference measurements. Outer loop link adaptation is based on ACK/NACK feedback. 
6.4. Simulation Assumptions

Table 1: System simulation parameters for JT Evaluation

	Parameter
	Value

	Deployment scenarios
	Heterogeneous Network [Scenario 3]
[image: image24.emf]
Configuration #4b [TR 36.814] with N low power nodes per macro cell

Configuration #1 [TR 36.814] with N low power nodes per macro cell

N = 4
Coordination Area: 1 cell with N low-power nodes 

	Channel Model
	Ref [36.819] 

	High power RRH Tx power (Ptotal)
	Ref [36.819]

	Number of UEs per cell
	25 or 30 (for Full Buffer)
10-40 (Non-Full Buffer)


	System bandwidth
	10 MHz 

	Possible transmission schemes in DL
	i) SU-MIMO

ii) Intra-eNB JP-CoMP

	Legacy UE impact
	Not modeled

	Network synchronization
	Ideal Synchronization

	Timing Error
	Baseline: 0 us

	Antenna configuration
	At each RRH

2 Tx antennas, cross-polarized: X
At the UE

2Rx cross-pol: X


	Antenna pattern
	Ref [36.819]


	eNB Antenna tilt
	Ref [36.819]


	Channel estimation
	Modeled for DMRS, Ideal for CSI-RS (Further Detail below)

	UE receiver
	MMSE

	DL overhead assumption
	Same overhead assumed for all schemes as follows

· 4 subframes out of 10 have an overhead of 3 OFDM symbols (PDCCH) + 2CRS ports outside PDCCH region + DMRS
· 6 subframes out of 10 have an overhead of 2 OFDM symbols for PDCCH + DMRS.

	Placing of UEs
	Ref [36.819]

	Traffic model
	i) Full buffer
ii) Non Full Buffer (TR 36.814): 

FTP Model 2 with K Users,

0.5 MB File Size, Reading time exponential with mean of 5s. 

	Backhaul assumptions
	 Point-to-point fiber, zero latency and infinite capacity

	Link adaptation
	Non-ideal;
Delayed CSI with HARQ; No estimation errors; Outer Loop
Further Details in contribution

	Allocation
	Subband Size of 6 RBs; Subband CQI/PMI

Wideband RI,

	No of Drops
	10

	Inter-cell Interference Modeling
	Scheduling is explicitly modeled in all cells;

Frequency selective interference is considered from up to 6 significant interferers and the rest are modeled as flat AWGN. 

	Feedback Mode
	Similar to PUSCH 3-2, 10ms report cycle
UEs report CQI/PMI/RI on each subband of 6 RBs; 

UEs report CQI/PMI/RI for single cell as baseline and two cell JT only if the interference from second dominant cell is within 10 dB from serving cell. If JT feedback is reported, the single-cell and JT feedback are multiplexed in frequency to keep same overhead.


Channel Estimation Model

In the evaluation, the following model is used for the estimated channel,
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A straightforward baseline design is assumed for channel estimation. The channel estimation filters are assumed to be available/designed for three different SNRs and three different Dopplers. In the receiver, for an estimated SNR and Doppler the filter with the nearest design SNR and Doppler is selected. The estimation error variance is modeled as Gaussian with error variance parameterized as follows
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where the first component captures interpolation error (mainly useful for high SNR/Doppler) and second component captures noise gain of the filter. 
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