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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.
For Phase 1 evaluation, the scenarios focus on homogeneous networks with RRH type deployments, but with low-latency co-ordination between inter-site RRH. This is also expected to give an upper bound of performance for practical scenarios with additional backhaul constraints such as further discussed in previous meetings [4]. 

Our previous contribution [3] presented evaluation results for the joint processing type RRH deployment with scenario 2. Further updated results were submitted with non-full buffer traffic models in [1]. In this contribution, we present some further study and details of our evaluations. 

2. Joint Transmission Scheme Considerations
Joint transmission (JT) type schemes with Scenario 2 deployments share some similarities with regular MIMO studies, but with some key differences. In particular, many of the features from feedback and RS designs can be reused effectively as further discussed below.
JT Support in Release-10

If eNB simply wants to aggregate power to a UE or even transmit to a UE from larger number of antennas, some of the support may be there already in Release-10 by simply taking advantage of RRC configured CSI-RS for CSI measurement and DMRS for demodulation. However, this may be quite suboptimal and limit some of the scheduling flexibility at the eNB, because the Rel-10 feedback as developed without JT in mind should conform to the feedback modes and codebooks currently supported in Release-10.
New Codebook Designs
Aggregation of antennas for joint transmission could result in combining different number of antennas, or resulting in total number of antennas that are not power of 2. As examples, the codebooks could target to accommodate joint transmissions from 2 and 4 transmit antennas resulting in a 6Tx codebook, or 3 sets of 2 transmit antennas resulting in a 6Tx codebook. A scalable design to accommodate all variations can be developed. But on the other hand, straightforward designs can consider existing codebooks or simple extension of existing codebooks as per-cell codebooks with further co-phasing. 

In addition, joint transmissions from a very large number of geographically separated antennas is less likely to be necessary in practice, as only a few UEs in the cell may see significant signals with comparable path-loss from many cells and impairments like timing mismatch due to TOA differences may also limit JT gains. One approach is to set-up n-RRH (n>2) as candidates such that only two out of n RRH are active in actual transmission, while the rest are assumed muted or silent i.e., no transmission. The performance loss may be marginal, especially for cell-edge, since interference is already significantly reduced. In this evaluation, we limit joint transmission to 2 transmission points or 2 RRH.
3. Further Details of JT Operation

3.1. 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 which can happen on a sub-band basis, based on instantaneous fading.

3.2. 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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 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 
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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.  
3.3. UE Measurement and Link Adaptation
The link adaptation is modeled with two approaches, which are summarized below. 
Model 1 (No CSI Impairments): Ideal CSI, No feedback delay (No HARQ, i.e., Goodput based), No Estimation Errors.
Model 2 (CSI with Impairments): Delayed CSI, Frequency selective interference modeled, No estimation errors in channel and reference interference measurements. Outer loop link adaptation based on ACK/NACK feedback.
The impairments capture the degradations due to time delay of CSI feedback, HARQ and other errors in interference measurement. In the simulation result, we have used model 2 (which we compared with model 1 as well), with CRS-based interference estimation reflecting interference seen from all cells.

Note that the interference measurements can be performed either based on CRS or CSI-RS. In general, the measurements of interference are expected to be better on the CRS given they are available every subframe and can take advantage of averaging in time. Interference measurements based on CSI-RS can be much less accurate, especially given the sparse frequency/time density of CSI-RS. PDSCH muting on CSI-RS resources can improve performance of channel estimation, but may not capture the intra-cluster interference seen on the actual allocation with CoMP schemes, due to orthogonal allocations of CSI-RS ports. 
4. Evaluation Results for 2Tx Cross-pol
For evaluations, we mainly focus on cross-pol scenarios for joint transmission. 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 [5-20] to reach 50% resource utilization. Additional simulation assumptions are summarized in the Appendix.
	Transmission Mode
	Cell Average S.E  (bps/Hz) and Percentage Gain
	Cell Edge S.E (bps/Hz) and Percentage Gain

	SU-MIMO
	1.50
	
	0.043
	

	SU-MIMO (DCS)
	1.51
	< 1 %
	0.044
	2 %

	JT-MIMO
	1.62
	8 %
	0.048
	12 %


Table 1 - Full Buffer Results 

	Load
	Avg. User S.E (bps/Hz) and % Gain          
	5% User S.E (bps/Hz) and % Gain
	Served Cell S.E

(bps/Hz)
	Resource Utilization (%)

	SU-MIMO

K=5
	1.89
	0 %
	0.64
	0 %
	0.32
	22

	SU-MIMO  DCS, K = 5
	1.92
	1 %
	0.66
	3 %
	0.32
	22

	JT-MIMO

K=5
	2.28
	20 %
	0.78
	22 %
	0.32
	26

	SU-MIMO

K=10
	1.33
	0 %
	0.42
	0 %
	0.61
	47

	SU-MIMO  DCS, K = 10
	1.36
	1 %
	0.44
	6 %
	0.61
	46

	JT-MIMO

K=10
	1.66
	24 %
	0.61
	46 %
	0.61
	48

	SU-MIMO

K=15
	0.85
	0 %
	0.24
	0 %
	0.87
	73

	SU-MIMO  DCS, K = 15
	0.88
	3 %
	0.28
	18 %
	0.89
	72

	JT-MIMO

K=15
	1.60
	36 %
	0.43
	76 %
	0.91
	72

	SU-MIMO

K=20
	0.51
	0 %
	0.15
	0 %
	1.07
	90

	SU-MIMO  DCS, K = 20
	0.49
	-3 %
	0.18
	21 %
	1.09
	90

	JT-MIMO

K=20
	0.68
	33 %
	0.24
	63 %
	1.13
	90


Table 2 - Non-Full Buffer Results 

For full-buffer traffic models, 8% gains for cell-average and 12% for cell-edge is observed for 2Tx case

For non-full buffer traffic models, we see 20-35% gains for average UE throughout and 20-75% for cell-edge UE throughput, when RU varies in the range [20-90] %. Maximum gains are seen at RU~70%.
On the other hand, dynamic cell selection gives minor gains for full-buffer traffic models (<5 %). However for non-full buffer traffic models, cell-edge improvements of 3-21% are observed.

5. Evaluation Results for 4Tx, 4λ Cross-pol
	Transmission Mode
	Cell Average S.E (bps/Hz) and % Gain
	Cell Edge S.E (bps/Hz) and % Gain

	SU-MIMO
	1.78
	
	0.52
	

	SU-MIMO (DCS)
	1.79
	<1 %
	0.53
	2 %

	JT-MIMO
	1.85
	4 %
	0.54
	4 %


Table 3 - Full Buffer Results 

	Load
	Avg. User S.E (bps/Hz) and % Gain          
	5% User S.E (bps/Hz) and % Gain
	Served Cell S.E

(bps/Hz)
	Resource Utilization (%)

	SU-MIMO

K=5
	2.41
	0 %
	0.93
	0 %
	0.31
	18

	SU-MIMO  DCS, K = 5
	2.42
	0 %
	0.91
	-2 %
	0.32
	18

	JT-MIMO

K=5
	2.50
	4 %
	0.99
	7 %
	0.32
	25

	SU-MIMO

K=10
	1.89
	0 %
	0.64
	0 %
	0.63
	35

	SU-MIMO  DCS, K = 10
	1.91
	1 %
	0.69
	8 %
	0.62
	34

	JT-MIMO

K=10
	1.98
	5 %
	0.78
	22 %
	0.63
	43

	SU-MIMO

K=15
	1.34
	0 %
	0.44
	0 %
	0.91
	58

	SU-MIMO  DCS, K = 15
	1.35
	1 %
	0.48
	8 %
	0.91
	57

	JT-MIMO

K=15
	1.46
	11 %
	0.59
	33 %
	0.93
	63

	SU-MIMO

K=20
	0.94
	0 %
	0.29
	0 %
	1.19
	77

	SU-MIMO  DCS, K = 20
	0.98
	4 %
	0.34
	15 %
	1.19
	76

	JT-MIMO

K=20
	1.09
	15 %
	0.37
	28 %
	1.21
	81


Table 4 - Non-Full Buffer Results 

4Tx JT-CoMP gives smaller gains compared to 2Tx. Larger MIMO gains are achieved from 2Tx to 4Tx (more frequent rank 2 transmissions) than from 4Tx to 8Tx (in case of 2RRH JT). In the latter case, the JT gain is mainly due to power increase, which helps cell-edge users, but may not sufficiently compensate for the lost resource in other cells. So mean throughput gain is smaller.
To summarize, for full-buffer traffic models, 4% gains for cell-average and 4% for cell-edge are obtained. For non-full buffer traffic models, the gains are 5-15% for average UE throughput and 7-33% for cell-edge UE throughput as RU varies in the range [20-80] %. 

Similar to 2Tx case, dynamic cell selection gives minor gains for full-buffer traffic models (<5%) but reasonable gains (0-15%) for non-full buffer traffic models.

6. Impact of CSI Impairments

The following figures capture the throughput degradation with CSI impairments (i.e., Model 2 over Model 1).
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Figure 1 - Cell-Edge User Throughput Degradation (%) with CSI Impairments, 2Tx
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Figure 2- Mean User Throughput Degradation (%) with CSI Impairments, 2Tx
Overall, the CQI impact due to mismatch in interference condition in lightly loaded scenario is larger than that of the full-buffer case. 
7. Conclusions

In this contribution, we evaluated Joint Transmission (JT) and Dynamic Cell Selection (DCS) schemes for CoMP based on implicit feedback as extensions of Release-10 feedback baseline. Scenario 2 with joint scheduling up-to 9 cells and ITU UMi channel model are used. For non full buffer traffic models, resource utilization of [20-80] % is captured with K=[5,10,15,20] users for FTP Model 2.
The performance gains with JT-CoMP are summarized below,
For full-buffer traffic models, 
· 8% gains for cell-average and 12% for cell-edge for 2Tx cross-pol
· 4% gains for cell-average and 4% for cell-edge for 4Tx, 4λ cross-pol
For non-full buffer traffic models, 
· 20-35% for average UE throughout and 20-75% for cell-edge UE throughput for RRH with 2Tx cross-pol. Maximum gains are seen at RU~70%.
· 5-15% for average UE throughout and 7-35% for cell-edge UE throughput for RRH with 4Tx cross-pol
On the other hand, dynamic cell selection gives minor gain for full-buffer traffic models (<5 %). However for non-full buffer traffic models, cell-edge improvements of 3-21% (2Tx RRH) and 0-15% (4Tx RRH) are observed.
We also note that CSI impairments could result in significant performance loss in all cases with lightly-loaded traffic scenarios.  Further improvements and study should also consider improving the CSI measurements.
8. References

[1] R1-111601 CoMP Phase-1 Evaluation Results for Coordinated Beamforming Schemes, RAN1 #65

[2] R1-111284, Updated Evaluation Results for Phase-1, Motorola Mobility, RAN1 #65

[3] R1-110868, Joint Processing Schemes for RRH Deployments – Phase 1 Evaluation Results, Motorola Mobility, RAN1 #65

[4] R1-110871, CoMP Schemes with Backhaul Constraints and the Modelling Discussion, Motorola Mobility, RAN1 #65

[5] R1-110870, Remaining Issues on Simulation Assumption for CoMP in Heterogeneous Deployments, Motorola Mobility, RAN1 #65

[6] R1-110603, CoMP Simulation Assumptions, NTT DOCOMO, RAN1 #64 

[7] R1-110869, Discussion of RRH Deployment with Single Cell ID, Motorola Mobility, RAN1 #64
[8] R1-110871, CoMP with Backhaul Constraints and Modelling Discussion”, Motorola Mobility, RAN1#64
[9] R1-110870, Remaining Issues on Simulation Assumptions for CoMP in Heterogeneous Deployment, Motorola Mobility, RAN1 #64
APPENDIX

	Parameter
	Value

	Performance metrics
	Full buffer traffic: Cell capacity, Cell-edge user throughput



	Deployment scenarios
	Homogeneous network with high Tx power RRHs [Scenario 2]
The central entity can coordinate 9 cells as a baseline (Reference layout below) 
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	Simulation case
	ITU UMi 

	High power RRH Tx power (Ptotal)
	Same as Macro

	Number of UEs per cell
	10 (for Full Buffer)
5-30 (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
4Tx antennas, Cross-pol, 4 Lamba spacing , X X

At the UE

2Rx cross-pol: X


	Antenna pattern
	For macro eNB and high-power RRH: Annex A 2.1.1.1 Table A.2.1.1-2



	eNB Antenna tilt
	For macro eNB and high-power RRH:

Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814


	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Implicit Feedback

Other details in contribution

	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
	Uniform distribution

	Traffic model
	i) Full buffer: 10 Users

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;
Two models used

i) Ideal CQI, No HARQ/Goodput based

ii) 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 not explicitly modeled in the rest of 48 cells, but the frequency selective interference is considered from up to 6 significant interferers and the rest are modeled as flat AWGN. A resource utilization of 50% is modeled for non full buffer traffic models.

	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 both single cell and two cell JT, if they see interference within 10 dB from second strongest interferer.


Table 1: System simulation parameters for JP Evaluation

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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