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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 SRS design may be considered to increase the SRS capacity and to improve the SRS reception. Following the RAN1#66bis meeting, certain common parameters for UL CoMP evaluations were being agreed upon [4]. 
In this contribution, we present an analysis for different SRS transmission configurations based on system-level simulations. A set of results is presented with the SRS transmissions from the scheduled users being explicitly implemented as part of the PUSCH SLS, with the simulation assumptions following the CoMP evaluation methodology in [1, Annex A] and the agreed common simulation parameters listed in [4]. As in [5], the focus of this contribution is on Scenario 1 (homogeneous network with intra-site CoMP) of the CoMP evaluation methodology.
2.  Enhancements to SRS
In UL joint reception (JR) CoMP, significant performance gains are achieved compared to non-CoMP operation, cf. Section 7.1.1.3 of [1], due to the exploitation of the broadcast nature of the wireless medium. However, the effectiveness of CoMP-based operation relies on the availability of reliable SRS-based channel estimates for the links to different potential reception points (RPs). 
The quality of channel sounding of the additional link(s) to the cooperating receiver(s) of the CoMP set is critical for obtaining significant gains from UL CoMP. The said quality of channel sounding of an additional link to a cooperating cell may be severely affected by the SRS transmissions of one or more UEs served in the cooperating cell, in addition to the uplink SRS transmissions from other UEs in the neighboring cells. 
One of the candidates for SRS enhancements is the cyclic shift (CS) extension. Contribution [2] argues that increasing the SRS multiplexing capacity by using all CS values and combs will be of very limited scope due to inadequate CS separation in certain wireless channels. While this argument seems to be correct for certain channel conditions, it is important to validate quantitatively whether CS extension may be used to improve SRS capacity without sacrificing in terms of SRS reception performance.  According to Rel-10 specifications, 8 CSs are available for SRS multiplexing. To obtain good backward compatibility, the number of CSs may be extended to 16. In this work, the performance with 8 and 16 CSs are evaluated through system-level simulations, and are referred to as CS-8 and CS-16 in the rest of the contribution.
3. Evaluation of the Impact of the SRS Channel Sounding Error 
To evaluate the impact of the accuracy of channel sounding for the CS extension described in Section 2, i.e., from CS-8 to CS-16, a reliable channel sounding error model is required. In one of our previous related contributions [6], we developed a separate SLS platform specific to SRS transmission in order to generate normalized mean squared error (NMSE) vs. SINR data which was then utilized in the PUSCH transmission specific SLS platform for evaluating the cell and cell-edge user spectral efficiency (SE). To obtain even more accurate results for the impact of the channel sounding error on the cell and cell-edge user SE, in this contribution we present results with the link-level SRS transmission from the scheduled users implemented as part of the PUSCH SLS itself. In the evaluation, two different SRS sequence group planning methods are implemented:

a) Per-cell SRS sequence group planning which utilizes a different base sequence per cell implying that 21 different base sequences are assigned across 21 cells and then reused to cover all 57 cells of the homogeneous network deployment. This method is referred to as per-cell planning in the remaining of the contribution.
b) The assignment of the Same Sequence Group (SSG) across three cells of a site which uses a total of 19 base Zadoff-Chu sequences across the 57 cells of the homogeneous network. This method is referred to as site planning in the remaining of the contribution. 
Two or four UEs are assigned in each SRS allocation, according to the SRS periodicity and allocation pattern in each subframe. Each scheduled UE is assigned a base sequence based on the sequence group planning, a CS (in the case of site-planning) and one of the two comb indices, so as to maintain orthogonality among the different SRS sequences of a cell. In addition, for the case of multiplexing four UEs in one SRS allocation, CSs are used to provide additional layers of multiplexing, referred to as CS-Mult in the rest of the contribution. CS-Mult can utilize both CS-8 or CS-16 as needed. For the 2x4 antenna configuration, CSs are used to maintain orthogonality across antennas. 
At the receiver side, simple sequence correlation is implemented to obtain the average channel estimate per allocation. A channel estimate from subframe n can be used for link adaptation in subframe n+7, i.e., the CQI application delay is 7 ms.
4. Uplink CoMP Results with SRS modeling
In this section, the summary of the evaluation results for the CS-8 and CS-16 methods (see Sections 2 and 3) are presented for both per-cell and for per-site planning. According to the CoMP evaluation methodology assumptions in [1], a homogeneous network corresponding to Scenario 1 is assumed. The central entity coordinates 3 cells according to the layout in Figure A.1-1 of [1]. The interfering signals from all UEs in the network are explicitly modeled for both PUSCH and SRS transmissions. The assumed simulation case is 3GPP Case 1 with large angular spread (15 degrees). The simulation results are provided for FDD with system bandwidth equal to 10 MHz (2x10 MHz FDD). Each UE is equipped with 1 or 2 vertically polarized antennas while the macro cells are assumed to have 4 closely-spaced (inter-element distance equal to 0.5 λ), vertically polarized antennas. 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 channel sounding error is explicitly modeled, while ideal DM-RS estimates are used during PUSCH demodulation. Compared to the evaluations in [6], the current results were obtained using a further optimized version of the DFT-S-OFDM PUSCH scheduler with a maximum of two clusters. Fractional power control is modeled in the simulation with parameter α equal to 0.8 and P0 being fitted to each simulation scenario so that the average IoT does not exceed 10 dB. Regarding the UL control overhead, 8% of all RBs are used for PUCCH transmission, 2 DM-RS symbols are used per TTI (1 ms), and 10 SRS symbols per frame are assumed. Finally, all simulation results are provided for full-buffer traffic and the MMSE-IRC receiver – per central entity in the case of JR CoMP. 
A summary of the main simulation assumptions is shown in the Appendix of the contribution. Table 1 summarizes the simulation results for Scenario 1 of the CoMP Evaluation Methodology [1]. For the results in this work, the CoMP activation power threshold is set to 10 dB.

Table 1: Simulation Results for Scenario 1 of [1] with 1x4 antenna configuration
	Planning
	SRS Allocation Size and use of CS
	Total number of cyclic-shifts assigned in each SRS allocation
	Number of SRS transmissions required to sound all UEs across the whole band
	Cell SE (b/s/Hz)
	Cell-edge user SE (b/s/Hz/user)

	
	Ideal channel sounding
	-
	-
	 2.41
	 0.126

	Cell
	16 RB
	1
	6
	2.13

(-11.62%)
	0.099

(-21.43%)

	Cell
	16 RB, CS-Mult, CS-8
	2
	3
	 2.20
(-8.71%)
	 0.105
(-16.67%)

	Site
	16 RB, CS-Mult, CS-8
	6
	3
	 2.21
(-8.30%)
	  0.108
(-14.29%)


According to the results in Table 1, the following observations can be made:

· With respect to use of CS to multiplex additional UEs: For the SRS allocation size of 16 RB where multiplexing of 4 UEs makes the number of SRS transmissions needed to sound all UEs across the whole bandwidth smaller, use of CS-Mult brings slight improvement. 

· With respect to the planning method: Site-planning provides some gains compared to cell planning with better SRS orthogonality within the CoMP set.

Next, we present the simulation results for the 2x4 antenna configuration. The simulation results are given in Table 2 where CSs are also used to multiplex transmissions across antennas. Note that for site-planning, 8 CSs are not sufficient to allow sounding of the whole band in 3 SRS transmissions, and, therefore, CS extension is evaluated as a potential enhancement.

Table 2: Simulation Results for Scenario 1 of [1] with 2x4 antenna configuration

	Planning


	SRS Allocation Size and use of CS
	Total number of cyclic-shifts assigned in each SRS allocation
	Number of SRS transmissions required to sound all UEs and the whole band
	Cell SE (b/s/Hz)
	Cell-edge user SE (b/s/Hz/user)

	
	Ideal channel sounding
	
	-
	 2.82
	0.141

	Cell
	16 RB, CS-Mult, CS-8
	2
	3
	 2.63
(-6.74%)
	0.120 
(-14.89%)

	Site
	16 RB, CS-8
	6
	6
	  2.54

(-9.93%)
	0.115
(-18.44%)

	Site
	16 RB, CS-Mult, CS-16
	12
	3
	 2.61
(-7.45%)
	0.122 
(-13.48%)


From the results in Table 2, the following observations can be made:

· With respect to the number of CS used: In the case of site-planning, the performance degradation due to extended number of CSs is compensated by the opportunity of multiplexing more than 4 UEs in a given SRS transmission bandwidth. With 8 CSs, there are fewer multiplexing opportunities and, therefore, it takes a longer time for a UE to sound its entire bandwidth and transmit updated channel information to the eNB for scheduling purposes. 
· With respect to the planning method: Comparing site-planning to cell-planning, cell-edge performance is slightly improved, however, unlike the 1x4 results given in Table 1, the cell average SE is slightly decreased. The slight degradation in the cell average SE can be attributed to the limited effectiveness of CSs that are close to each other in providing orthogonality between different UEs.
The above simulation results indicate that while CS extension to 16 provides limited performance gains, because it enables additional layers of multiplexing, it may be beneficial for the following cases with high SRS capacity requirements:

· Higher mobility scenarios 
· CoMP Scenario 4 with the macro node and low power nodes sharing the same cell ID

For the above cases, CS extension may prove beneficial in addition or as an alternative to Aperiodic-SRS (A-SRS) based approaches that may lead to significant overhead increase.

An alternative enhancement to address the capacity requirements for Rel-11 UL CoMP could be to increase the repetition factor (RPF) for SRS from 2 to 4, whereby more users may be multiplexed using FDM for the same SRS bandwidth. To support this enhancement with the Rel-10 SRS bandwidth options, the maximum number of cyclic shifts considered for the cyclic shift variable α in the equation for the frequency-domain sequence generation [7] needs to be changed from 8 to 6 or 12. Considering a maximum of 8 CSs being supported in Rel-10 and the current design of DM-RS sequences, the latter option is clearly a more reasonable choice. 
Note that both enhancement alternatives result in a decrease in the minimum CS distance. When compared to Rel-8/9/10 SRS, CS extension to 16 results in the minimum CS distance being halved from 4.1669 μs to 2.0834 μs. On the other hand, RPF extension to 4 leads to a minimum CS distance of 1.3890 μs. Thus, for similar number of CSs used, CS extension to 16 can support channels with higher delay spread when compared against the RPF extension alternative. Although it may be argued that with RPF extension the number of CSs that needs to be used would be smaller than with CS extension, the reduction in channel estimation performance from reduction in the sequence lengths for the RPF 4 alternative should be considered as well. 
Moreover, while CS extension to 16 can be supported with negligible specification impact and cause no concern regarding backward compatibility (Rel-11 UE in legacy network or legacy UE in Rel-11 network), the RPF 4 option would result in significant restrictions on SRS scheduling in order to ensure backward compatibility. New restrictions on SRS scheduling may be an issue of concern in scenarios with high SRS capacity requirements and the presence of legacy and Rel-11 UEs. 
Finally, in terms of overhead increase, the RPF extension alternative would require one extra bit (compared to the CS extension approach) to signal the use of RPF 4 to support operation of Rel-11 UEs in legacy networks.
Based on the above set of system evaluation results and the analysis between the two enhancement alternatives, we make the following proposal.
Proposal: CS extension to 16 may be considered for scenarios with high SRS capacity requirements and should be further studied in this context.
5. Conclusion
In this contribution, the cell and cell-edge user spectral efficiency performance of CoMP in Scenario 1 with non-ideal SRS transmissions was evaluated. SRS transmissions were explicitly modeled in the PUSCH SLS for the cases with 8 and 16 cyclic shifts for both cell and site sequence group planning methods. Based on the system-level simulation results and comparing to an alternative enhancement of RPF extension from 2 to 4, we propose that CS extension to 16 may be considered for scenarios with high SRS capacity requirements and should be further studied in this context.
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Appendix
Table 3: Summary of simulation assumptions
	Parameter
	Values used for evaluation

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

	Deployment scenarios
	·  Scenario 1: Homogeneous network with high Tx power RRHs

·  The central entity coordinates 3 cells

·  Interference from all signals out of the coordinated area is explicitly modeled

	Simulation case
	3GPP-Case1 

	High power RRH Tx power (Ptotal)
	46 dBm (10 MHz carrier)

	Number of UEs per cell
	10

	System bandwidth
	10 MHz 

	UL reception scheme
	Joint processing (reception) for CoMP

	Impairment modeling
	·  PUCCH overhead

·  SRS overhead and error

·  DMRS overhead 

	Network synchronization
	Synchronized

	Number of antennas at reception point
	4 antennas per macro cell; 12 antennas per cooperating entity

	Number of antennas at UE
	1 antenna and/or 2antennas

	Antenna configuration for macro cells
	4 antennas (4 columns, vertically-polarized, closely-spaced: | | | |)

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

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	·  8% of all RBs PUCCH 
·  2 DMRS symbols per TTI 

	Channel estimation
	·  Ideal
·  SRS for link adaptation (CQI/PMI calculation and scheduling)

·  Ideal DM-RS 

	eNB/central entity receiver
	MMSE receiver (use of average interference covariance matrix per scheduler allocation of 2 RBs)

	Placing of UEs
	Uniform distribution 

	Traffic model
	Full buffer 

	Backhaul assumptions
	Zero latency and infinite capacity 

	Link adaptation
	· Based on SRS
· CQI application delay equal to 7 ms
· MCS-based using outer-loop control

	Access scheme
	Clustered DFT-S-OFDM

	Scheduler
	Proportional fair, frequency-selective (granularity of 2 RBs)

	Power control
	Fractional power control, α=0.8; P0 fitted to each simulation scenario so that the average IoT does not exceed 10 dB 

	HARQ scheme
	Chase combining

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