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1. Introduction

In the RAN1#66 meeting, the CoMP SI was completed and the standardization impact for CoMP is captured in [1] where, among other items, it is specified that UL CoMP enhancements with respect to DM-RS transmission (applicable to both PUCCH and PUSCH) may be considered to increase the DM-RS capacity and to improve the DM-RS reception. 
The email discussions that followed the RAN1#66bis resulted in agreement on a set of common parameters for UL CoMP evaluation [4]. In this contribution, the applicability of different DM-RS transmission techniques, namely per-node DM-RS base sequence assignment and UE-specific DM-RS sequence assignment, are discussed and evaluated following the agreed common parameters [4] and CoMP evaluation methodology in [1, Annex A]. The focus of this contribution is on heterogeneous deployments with the CoMP set defined by 1 macro cell node (MCN) and 4 Low Power Nodes (LPNs) in the macro cell coverage area. The performance evaluation results for various DM-RS schemes for homogeneous networks are presented in a companion contribution [5].
2.  Enhancements to DM-RS
In UL joint reception (JR) CoMP, significant performance gains are achieved compared to non-CoMP operation, cf. Section 7.1.1.3 of [1], by exploiting the broadcast nature of the wireless medium, i.e. a UE transmission may be received at multiple cooperating cells of the CoMP set. However, each cooperation link typically has lower signal quality than the link to the serving cell because its pathloss is usually larger. Therefore, the channel estimation (CE) quality of the additional link(s) to the cooperating receiver(s) of the CoMP set is critical for obtaining significant gains through cooperation. The CE performance for a link to a cooperating cell k may be severely affected by the DM-RS transmissions of one or more UEs served in the cooperating cell k, apart from the uplink DM-RS transmissions from other UEs in the neighboring cells. Consequently, it is desirable to investigate the potential improvements from better orthogonality between DM-RS transmissions from UEs belonging to different cells within a CoMP set. 

One of the most important factors impacting the CE performance is DM-RS sequence group planning and assignment to UEs, which needs to be evaluated thoroughly through system-level simulations. According to the current Rel-10 specifications [6], the assignment of DM-RS base sequences is cell-specific wherein all MU-MIMO UEs scheduled for PUSCH transmission in a cell are assigned the same base sequence and different cyclic shifts (CSs) to provide orthogonality between simultaneous DM-RS transmissions from UEs within a cell. 
For CoMP Scenario 3 (with the MCN and the LPNs having different cell IDs), as different DM-RS base sequences are assigned to neighboring cells, sufficiently low correlation (and hence, low interference) between DM-RS transmissions from inter-cell UEs cannot be always ensured just based on the quasi-orthogonality between different base sequences. 
For CoMP Scenario 4 (with the MCN and LPNs sharing the same cell ID), the current cell-specific assignment would result in all co-scheduled UEs within a CoMP set sharing the same base sequence. As the total number of co-scheduled UEs in the CoMP set may be expected to be greater than 8 (the maximum number of CSs available according to Rel-10 specifications) with high probability, multiple co-scheduled UEs within the CoMP set would be assigned the same DM-RS base sequence and CS combination, thereby leading to significant performance degradation of the system performance. This makes the use of cell-specific DM-RS base sequence assignment infeasible in terms of providing reliable CE performance for CoMP Scenario 4. 
An alternative approach of using the same base sequence across multiple cells with different CSs for the co-scheduled users within the CoMP set (for instance, via the semi-static disabling of Sequence Group Hopping (SGH)) may be sufficient in guaranteeing improved CE performance for both serving and cooperating links when the number of cells and/or co-scheduled users in the CoMP set is low. However, this approach would not work sufficiently well for CoMP scenarios with a large number of cells and/or co-scheduled users (e.g., with 10 LPNs per macro cell and/or up to 4-user MU-MIMO in each cell) owing to the fundamental limitation in arbitrarily extending the number of CSs that can be used to obtain good orthogonality between different DM-RS sequences.
To address the above issues, we consider the use of UE-specific DM-RS sequence assignment as a potential scheme to enhance DM-RS-based CE performance in Rel-11, and towards this, present a systematic method for UE-specific assignment of DM-RS sequences that would improve the CE quality for the cooperating links, while at the same time, providing a level of CE performance for the serving links that is at least as good as the Rel-10 design. 
This contribution studies two DM-RS assignment methods:
a) Use of a different sequence group number and a different base sequence number per node which implies that 60 different sequences can be assigned across 60 nodes, and then reused to cover all 57x5 = 285 nodes of the heterogeneous network deployment. This method is referred to as per-node planning in the rest of the contribution.
b) Use of UE-specific sequence assignment: First, we describe the base sequence planning for the entire network that would be necessary to implement UE-specific DM-RS sequence assignments. For UE-specific DM-RS sequence assignment, instead of reserving a single base sequence for each cell in the network, a set of N base sequences are reserved for each CoMP set. The value of N depends on the sum of the maximum number of MU-MIMO UEs considered in each cell of the CoMP set and the total number of CSs available for each base sequence. For example, consider a maximum of two UEs being co-scheduled for a PUSCH allocation in each cell and a maximum of eight CSs available for each base sequence. Hence, for the scenario in which a CoMP set is defined to include a macro cell and four low power nodes (LPNs) for a heterogeneous deployment, reserving N=2 base sequences per CoMP can be seen as a reasonable choice for N. 
Next, each UE scheduled within the CoMP set for a particular allocation is assigned a base sequence (from amongst the pool of base sequences for this CoMP set) and appropriate CS according to a UE-specific sequence assignment algorithm. The algorithm used in this work is described in Appendix A. This method is referred to as UE-specific assignment in the rest of the contribution.
3. Evaluation of the Impact of the Channel Estimation Error 
To evaluate the impact of the accuracy of CE for the methods described in Section 2, explicit link-level transmission and reception of DM-RS sequences are considered and implemented in the system-level simulator (SLS) for evaluating the cell and cell-edge user spectral efficiency (SE) performance. 
Corresponding to the scheduler decision for each PUSCH allocation in a subframe, up to two UEs may transmit in each DM-RS allocation per node. Each UE is assigned a base sequence and cyclic-shift (CS) depending on the DM-RS sequence assignment methods described in the previous section. At the receiver side, simple sequence correlation is implemented to obtain the average channel estimate per allocation. 

The channel estimates based on DM-RS reception are used for the MMSE demodulation of PUSCH data. For each subcarrier, the error in the channel estimation can be represented as
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[image: image4.wmf]h

~

 is the estimate of the average channel values over all subcarriers within a PUSCH/DM-RS allocation).

Non-ideal channel estimation affects the PUSCH demodulation performance owing to a mismatch between the true and the estimated channels as well as that between the true and the estimated interference-and-noise covariance matrices. The estimated channel vector and the estimated interference-and-noise covariance matrix are used to derive the Wiener filter coefficients for MMSE demodulation at the RPs. While the estimated channel vectors are obtained directly from DM-RS reception, the effect of CE on the estimated interference-and-noise covariance matrix is modeled as described next.

For MU-MIMO operation in the uplink, the receiver at the eNB estimates the interference-and-noise covariance matrix per subcarrier for each scheduled user based on the DM-RS-based channel estimate for the link between itself and the concerned user as described in the following equation: 
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In (2), 
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is the estimated interference-and-noise covariance matrix for user u, 
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is the corresponding DM-RS sequence element for this subcarrier for user u, 
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is the vector of received signals for the DM-RS symbol, and 
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is the estimated channel for user u. It can be shown that, given the true interference covariance matrix
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 that is obtained by summing the interference from all other users considering the true channel values, the estimated interference covariance matrix can be modeled as 
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 is the CE error for user u obtained from (1). In the above, e* denotes the conjugate transpose of e. 

4. Uplink CoMP Results

In this section, the summary of the evaluation results for per-node and UE-specific DM-RS assignments, as described in Sections 2 and 3, are presented for both Config 1 and Config 4b for a heterogeneous network deployment with one macro node and four LPNs, according to the CoMP evaluation methodology assumptions in [1]. Based on the discussion regarding the applicability of cell-specific DM-RS base sequence assignment for CoMP Scenario 4 in Section 2, we present the evaluation results for per-node planning for CoMP Scenario 3 only. The results for the UE-specific DM-RS assignment method hold true for both CoMP Scenarios 3 and 4. The central entity coordinates 5 nodes according to the layout in Figure A.1-4 of [1]. The interfering signals from all UEs in the network are explicitly modeled for both configurations. The simulation results are provided for FDD with system bandwidth equal to 10 MHz (2x10 MHz FDD). Each UE and each receive node is equipped with 1 and 2 or 4 closely-spaced (inter-element distance equal to 0.5 λ), vertically polarized antennas, respectively (1x2 or 1x4 antenna configuration). The eNB antenna pattern and antenna tilt are as in [1, Appendix A.1]. 

Joint reception (JR) is assumed for all CoMP results. The system model for UL JR CoMP is similar to that in [3]. The impact of CE is explicitly modeled based on actual transmission and reception of DM-RS (at the link-level) as described in Section 3, while ideal SRS estimates are used for scheduling with CQI application delay equal to 7 ms. In the simulations, optimal reception point (RP) selection is assumed which can be implemented either through SRS measurements in the uplink or CSI-RS measurements in the downlink. Power control is modeled in the simulation with parameter α equal to 1.0 and P0 = -106 dBm, while the assumed CRE value is equal to 0 dB. Regarding the UL control overhead calculation, 8% of all RBs are used for PUCCH transmission, 2 DM-RS symbols are used per TTI (1 ms), and 5 SRS symbols per frame are assumed. Finally, all simulation results are provided for full-buffer traffic and the MMSE-IRC receiver. A summary of the main simulation assumptions is presented in Table 3 of Appendix B. 
Table 1 summarizes the simulation results for UL CoMP operation for Config 1 deployment, while Table 2 provides the results for Config 4b deployment, both according to the CoMP Evaluation Methodology [1]. For both cases, the CoMP activation power threshold is set to 10 dB. In the parentheses, the cell and cell-edge user SE performance degradation due to DM-RS CE is compared to ideal CE.
Table 1: Simulation Results for HetNet with 1MCN+4PCN – Config 1 of the CoMP evaluation methodology [1]
	
	Macro area throughput (b/s/Hz)
	Cell-edge user SE (b/s/Hz/user)
	MCN throughput (Mbps)
	LPN throughput (Mbps)

	UL: 1x2 -CoMP, ideal CE 
	7.09 (0.0%)
	0.125 (0.0%)
	19.21 (0.0%)
	12.92 (0.0%)

	UL: 1x2 -CoMP, DM-RS, per-node planning
	6.70 (-5.5%)
	0.095 (-24%)
	17.60 (-8.4%)
	12.34 (-4.5%)

	UL: 1x2- CoMP, DM-RS, UE-specific assignment
	6.74 (-4.9%)
	0.098 (-21.6%)
	17.71 (-7.8%)
	12.43 (-3.8%)

	UL: 1x4 - CoMP, ideal CE 
	11.77 (0.0%)
	0.176 (0.0%)
	34.86 (0.0%)
	20.70 (0.0%)

	UL: 1x4 - CoMP, DM-RS, per-node planning
	11.09 (-5.8%)
	0.130 (-26.1%)
	30.99 (-11.1%)
	19.98 (-3.48)

	UL: 1x4 - CoMP, DM-RS, UE-specific assignment
	11.18 (-5.0%)
	0.134 (-23.8%)
	31.14 (-10.7%)
	20.16 (-2.6%)


Table 2: Simulation Results for HetNet with 1MCN+4PCN – Config 4b of the CoMP evaluation methodology [1]
	
	Macro area throughput (b/s/Hz)
	Cell-edge user SE (b/s/Hz/user)
	MCN throughput (Mbps)
	LPN throughput (Mbps)

	UL: 1x2 -CoMP, ideal CE 
	9.30 (0.0%)
	0.142 (0.0%)
	19.75 (0.0%)
	18.32 (0.0%)

	UL: 1x2 -CoMP, DM-RS, per-node planning
	8.76 (-5.8%)
	0.132 (-7.0%)
	17.53 (-11.2%)
	17.52 (-4.5%)

	UL: 1x2- CoMP, DM-RS, UE-specific assignment
	8.99 (-3.3%)
	0.136 (-4.2%)
	17.59 (10.9%)
	18.08 (-1.1%)

	UL: 1x4 - CoMP, ideal CE 
	14.57 (0.0%)
	0.207 (0.0%)
	38.68 (0.0%)
	26.75 (0.0%)

	UL: 1x4 - CoMP, DM-RS, per-node planning
	13.76 (-5.6%)
	0.188 (-9.2%)
	33.40 (-13.7%)
	26.05 (-2.6%)

	UL: 1x4 - CoMP, DM-RS, UE-specific assignment
	13.81 (-5.2%)
	0.192 (-7.2%)
	33.60 (-13.1%)
	26.12 (-2.3%)


According to the results in Table 1, the following main observations can be made:
· For the investigated simulation scenario with a maximum of two MU-MIMO users per node and four LPNs per cell, UE specific DM-RS assignment provides some benefits with respect to all performance metrics for both 1x2 and 1x4 antenna configurations and both Config 1 and Config 4b deployment scenarios. It is expected that those gains will be more significant with increasing number of MU-MIMO users, increasing number of antennas at the UE (which will allow spatial multiplexing), and increasing number of LPNs in the macro cell.
· The impact of channel estimation on the performance metrics for Config 1 scenarios is bigger than the one for Config 4b. 
5. Conclusion
In this contribution, the system-level performance of UL CoMP in heterogeneous networks with one macro and four LPNs with non-ideal CE is investigated by explicitly modeling DM-RS transmission and reception for the case of per-node and UE-specific DM-RS assignments. The simulation results indicate that a straightforward algorithm for UE-specific DM-RS sequence assignment is beneficial in heterogeneous deployments, even for a deployment scenario with a maximum of 2 MU-MIMO users per node and four LPNs per cell. Further studies are required to verify the expectation that similar algorithms for UE specific DM-RS sequence assignment can lead to further improvements of the system-level performance in heterogeneous deployments with increasing number of MU-MIMO users, increasing number of antennas at the UE, and increasing number of LPNs in the macro cell. The impact of CRE values greater than 0 dB as well as different power control parameters and/or enhancements need to be further studied.
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Appendix A
Here, the UE-specific sequence assignment algorithm, that includes the assignment of base sequences and CSs to each UE in a generic CoMP set on a per-allocation basis, is described via the following steps:  
1. Sort the UEs in the CoMP set in descending order according to the number of links to the reception points (RPs).

2. Select the top-ranked UE from the list created in step 1 and assign a base sequence (from the pool of base sequences reserved for this CoMP set) and CS to this UE. Assign the same base sequence and different cyclic shifts (CSs) to un-assigned UEs in the same cell in descending order of channel powers.

3. If CSs are still available and the number of CSs left is greater than the number of un-assigned UEs in another cell that are (cooperatively) served by the selected (in step 2) UE’s serving cell, assign the same base sequence with the next available CSs to these UEs, with the assignment in descending order of channel powers.

4. If enough CSs are still available, continue assigning them to un-assigned UEs in other cells that are served by the cells cooperatively serving the UE selected in step 2, with the assignment in descending order of channel powers.

5. In each of the above assignment steps, the UEs that have been assigned a DM-RS sequence are removed from the list of UEs created in step 1.

6. Consider the next un-assigned UE from the list of step 1. This UE may or may not be a CoMP UE. If this is a CoMP UE, check if CSs are still available and the number of CSs left is greater than the number of un-assigned UEs in the CoMP set. If this is a non-CoMP UE, check if CSs are still available and the number of CSs left is greater than the number of un-assigned UEs in its respective home cell. 

7. If any of the above conditions are met, repeat from step 2 onwards with the assignment of the same base sequence with the remaining CSs. 

8. If, at any of the steps 3 through 5 and step-6 not met, CSs are no longer available for a particular base sequence, choose the next available base sequence and pick the next un-assigned UE from the list (of step 1). Continue with steps 2 through 6 until all co-scheduled UEs in the CoMP set have been assigned a DM-RS sequence each.

Note: In general, the condition for the availability of CSs (in steps 3, 4, and 6) may be implemented as “If CSs are available and the number of available CSs is greater than X, where X is an integer less than or equal to the number of un-assigned UEs in the respective cell/CoMP set” to handle different interference situations in a more optimized fashion. For instance, it may not always be necessary to assign two intra-node MU-MIMO UEs the same base sequence and different CSs: a set of intra-node MU-MIMO UEs may have enough spatial separation among themselves such that orthogonality from different base sequences is sufficient to obtain reliable CE performance.
Appendix B
Table 3: Summary of simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Full buffer traffic: Macro area throughput, cell-edge user spectral efficiency, MCN average throughput, LPN average throughput

	Deployment scenarios
	·  Scenarios 3 and 4: Heterogeneous network with 1 Macro and 4 LPNs
· Interference from all signals out of the coordinated area is explicitly modeled

	Channel model
	 UMa for Macro, UMi for pico

	Cell range expansion (CRE)
	0 dB

	Number of UEs per Macro cell area
	25 for config.1 and 30 for config. 4b

	Maximum transmission power at UE
	24dBm

	System bandwidth
	10 MHz 

	UL transmission scheme
	Joint processing (reception) for CoMP

	Reception point (RP) selection
	Optimal (can be implemented through uplink SRS or downlink CSI-RS measurements)

	Impairment modeling
	·  PUCCH overhead

·  SRS overhead
·  DMRS overhead and error 

	Network synchronization
	Synchronized

	Number of antennas at reception point
	2 antennas per node, 10 antennas per cooperating entity;
and

4 antennas per node, 20 antennas per cooperating entity

	Number of antennas at UE
	1 antenna 

	Antenna configuration
	For macro eNB and LPN: 2 or 4 antennas (2 or 4 columns, vertically-polarized, closely-spaced: || or | | | |)

	Antenna pattern
	3D (see Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814)

	eNB Antenna tilt
	15 degrees for macro eNB and 12 degrees for LPNs

	Antenna gain + connector loss
	14 dBi

	Channel estimation
	·  Non-ideal, based on explicit DM-RS transmission modeling
·  Ideal SRS for link adaptation (CQI/PMI calculation and scheduling)

	eNB/central entity receiver
	MMSE receiver (use of average interference covariance matrix per scheduler allocation of 6 RBs)

	Placing of UEs
	Config 1 (Uniform), Config 4b (Clustered)

	Traffic model
	Full buffer 

	Backhaul assumptions
	Zero latency and infinite capacity 

	Link adaptation
	·  Ideal SRS
·  CQI application delay equal to 7 ms
· MCS-based with outer-loop control

	Access scheme
	Clustered DFT-S-OFDM

	Scheduler
	Proportional fair, frequency-selective (granularity of 6 RBs)

	Power control
	α=1.0, P0=-106dBm for both macro & pico UEs

	HARQ scheme
	Chase combining

	Outer-loop CQI control
	30% PER for 1st transmission
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