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1. Introduction

During the RAN1#69 meeting, various enhancements related to SRS sequence generation and configurations were discussed. UE-specific configuration for SRS base sequences was proposed as an enhancement to improve SRS capacity and the following was captured as an observation:

At least in Scenario 4, having UE-specific virtual cell ID X can help increase SRS capacity. 
In this contribution, we present system level simulation results comparing the performance of Rel-10 cell-specific SRS sequence design, Rel-10 cell-specific SRS sequences with cyclic shift (CS) extension, and UE-specific configuration of SRS base sequences for CoMP Scenario 4 to validate the above observation. Further, we present our views on the remaining details regarding the configuration of other parameters for SRS for efficient support of UL CoMP.
2. Cell-specific vs. UE-specific SRS in CoMP Scenario 4: System Level Evaluations
In this section, we present system level evaluation results to compare the performance of the following SRS assignment alternatives for periodic SRS in CoMP Scenario 4:
1. Cell-specific SRS base sequences according to Rel-10

2. Cell-specific SRS base sequences according to Rel-10 with extension of CS from 8 to 16

3. UE-specific configuration of SRS base sequences

For the evaluations, link-level SRS transmission and reception was explicitly modeled in the system level simulator according to the current Rel-10 specifications [1] with the potential enhancement candidates as listed above. For all the simulations, two antennas were considered both at the reception points (RPs) and at the UEs and different CSs were used to multiplex the transmissions from the two antennas at each UE. Also, an SRS bandwidth of 12 resource blocks (RBs) was assumed for all the simulations. A uniform cell-specific SRS subframe configuration was assumed for all the alternatives evaluated. All parameters were assumed according to the CoMP evaluation methodology [2] and the significant ones are listed in Table 2, Appendix A.
For the cell-specific SRS configurations, a single base sequence was assigned to each macro cell area corresponding to a common cell ID for the macro and low power nodes (LPNs) and UEs within each macro cell area were multiplexed using TDM, FDM, and CSs (frequency domain CDM). For the case of cell-specific SRS with 8 CSs, 3 UEs were multiplexed via CS in each SRS allocation, leading to a total of 6 UEs being multiplexed within a macro cell area considering a repetition factor (RPF) of two. For the case of cell-specific SRS with CS extension to 16 CSs, 5 UEs were multiplexed via CS in each SRS allocation, leading to a total of 10 UEs being multiplexed within a macro cell area considering RPF of two.
For UE-specific SRS configuration, four base sequences corresponding to virtual cell IDs (VCIDs), in addition to the base sequence corresponding to the common cell ID, were considered for each macro cell area. All 60 base sequences (considering two sequence groups) were assigned to the different cells in this fashion for the twelve closest macro cells and this pattern was reused to cover all the 57 macro cell areas considered in the network. The UE-specific base sequences were assigned to the UEs as described next. Each of the 4 additional base sequences were provisioned for each LPN within a macro cell area, and the UEs close to each LPN (non-CoMP UEs) were each assigned a VCID corresponding to the respective base sequence. The UEs close to the macro cell (non-CoMP UEs) were each assigned the PCI based base sequence. Finally, the CoMP UEs within each macro cell area were assigned the PCI based base sequence. 
The UEs within a macro cell area were multiplexed using TDM, FDM, and CSs with the non-CoMP and CoMP UEs being scheduled for SRS transmission on alternate SRS subframes according to the cell-specific SRS subframe configuration. For the CoMP UEs, 3 UEs were multiplexed in each SRS allocation via CS, leading to a total of 6 UEs being multiplexed for the “CoMP SRS subframes” considering RPF of two. For the non-CoMP UEs close to the macro cell, CS were not used to multiplex UEs, leading to a total of 2 UEs being multiplexed via SRS comb in each SRS allocation. On the other hand, for the non-CoMP UEs close to each of the LPNs, 2 UEs were multiplexed using CSs, leading to a total of 4 non-CoMP UEs being multiplexed per LPN in an SRS allocation considering RPF of two.
At the receiver side, simple sequence correlation based receiver was implemented to obtain the average channel estimate per allocation. It was assumed that a channel estimate from subframe n can be used for link adaptation in subframe n+7, i.e., the CQI application delay was 7ms. Finally, joint reception (JR) with a CoMP activation threshold of 10dB was assumed as the UL CoMP technique and all simulations were performed for full-buffer traffic and MMSE-IRC receiver at the RPs. Table 1 below summarizes the performance evaluation results for the evaluated alternatives.

Table 1: UL CoMP Simulation Results for CoMP Scenario 4 
with 2x2 antenna configuration
	SRS Sequence Assignment
	Macro cell area average throughput (Mbps)
	Cell-edge user throughput (Mbps)

	Ideal SRS
	135.46 (0.00%)
	1.92 (0.00%)

	Cell-specific SRS (Rel-10)
	127.01 (-6.24%)
	1.65 (-14.06%)

	Cell-specific SRS (CS extension)
	128.06 (-5.46%)
	1.63 (-15.10%)

	UE-specific SRS
	128.41 (-5.42%)
	1.67 (-13.02%)


From the results in Table 1, it is evident that the gains from UE-specific configuration of SRS do not warrant its adoption in Rel-11. Given that the performance with CS extension is also comparable to that of Rel-10 design, it may not provide significant benefits for UL CoMP either. The lack of gains in terms system performance for UE-specific assignment of SRS sequences can be attributed to the fact that the gains from area splitting in increasing SRS capacity is nullified by the fact that the CoMP and non-CoMP UEs that use PCI-based base sequence and VCID-based base sequences respectively need to be scheduled in different SRS allocations, and this effectively fails to improve the frequency of channel sounding opportunities in the time-domain. On the other hand, although CS extension enables faster sounding of the entire bandwidth for all the UEs, the decrease in the minimum CS distance affects the orthogonality between the UEs multiplexed using CSs that are close to each other in the CS domain. Moreover, note that the sounding performance can be further improved by using a DFT based receiver with time-domain filtering for SRS reception [3] and thus, the current Rel-10 design may be sufficient to efficiently support UL CoMP operations.
Proposal 1: Rel-10 SRS sequence design based on cell-specific SRS base sequence generation is sufficient for efficient support of UL CoMP.
3. Remaining Details on SRS Configuration for UL CoMP
During the last meeting, the need for signaling of cell-specific parameters related to SRS, e.g., cell-specific SRS subframe configuration, etc. in a UE-specific manner or on a configuration set basis was discussed [4]. It may be acceptable to consider that the cell-specific SRS subframe configurations for neighboring cells within a CoMP set would be aligned and consequently, such signaling may not be necessary to enable SRS reception at neighboring RPs or even potential TPs. 
Although this may potentially lead to some flexibility reduction, the actual loss in terms of performance from such limitations is not clear. Towards this, we list the primary pros and cons related to different cell-specific SRS subframe configuration in neighboring cells.
Pros of flexibility to have different cell-specific SRS subframe configuration for neighboring cells in the CoMP set:

1. Different cells may have different cell-specific SRS subframe periodicity depending on the number of active users in the cell to address different requirements on SRS user capacity. Forcing them to align the SRS subframe configuration may lead to higher demands on SRS capacity to multiplex larger number of UEs in a particular cell, but it can be handled without a significant degradation of system performance as there exist multiple means of multiplexing users for SRS other than in the time-domain, viz., in the frequency domain or CS-domain. Moreover, triggering of aperiodic SRS may also be utilized to address any imbalance in the SRS user capacity requirements for two neighboring cells within the CoMP set.
2. Such flexibility may help realize an effectively larger “reuse” factor for SRS if neighboring cells use different SRS subframe configurations as the SRS transmission power can be increased compared to PUCCH or PUSCH by using the P_SRS_offset parameter. This may help channel estimation on the SRS but the tradeoff in terms of PUSCH/PUCCH reception is not clear. In this case, PUSCH/PUCCH reception may suffer from increased interference from SRS transmissions in neighboring cells.

Cons of having different cell-specific SRS subframe configuration for neighboring cells in the CoMP set:

1. Mainly affects the gains from UL CoMP when UEs are received via JR as in this case, JR would have to be limited to the subframes that are aligned (if any available) between RPs.

2. New dedicated RRC signaling necessary to support UL CoMP and, in general, UEs with asymmetric DL-UL linkage, leading to specification impact.
3. Additional considerations regarding SRS dropping and rate matching need to be carefully evaluated and modifications to the current specifications regarding this may be necessary.
However, if such requirements on alignment between cell-specific SRS configuration leads to undesirable restrictions, then cell-specific SRS subframe configuration parameters (cell-specific SRS subframe configuration, cell-specific SRS bandwidth configuration, etc.) may need to be signaled to a UE with decoupled DL-UL association. 
If the cell-specific SRS configuration is not aligned between the cells within the CoMP set, it would be necessary to also signal the value of ackNackSRS-SimultaneousTransmission for the target cell (e.g., in CoMP Scenario 3) as a UE-specific parameter for Rel-11 UEs that may have decoupled DL-UL association. Consider a scenario wherein the macro cell sets ackNackSRS-SimultaneousTransmission  as FALSE while this parameter is set as TRUE by the LPN. Without this signaling, for a subframe in with PUCCH and SRS coincides, a Rel-11 UE associated with the macro cell on the DL and with this LPN on the UL would drop the SRS and transmit normal PUCCH format 1a/1b targeting the LPN causing collision between normal PUCCH transmission and SRS transmitted by an LPN UE. Also, it may result in orthogonality destruction (based on OCC) between normal PUCCH from the macro cell UE and shortened PUCCH from an LPN UE in the same PRB due to different spreading factors used for normal and shortened PUCCH. 
Further, note that UE-specific signaling of another cell’s cell-specific SRS subframe configuration would not be necessary for UEs with decoupled DL-UL association if the DL serving cell has cell-specific SRS subframe configuration that is a super set of the cell-specific SRS subframe configuration of the target cell for UL. Thus, additional signaling may not be needed even in this case wherein the cell-specific SRS subframe configuration for the two cells are not exactly the same.
The above discussion can be summarized in the following observation.
Observation: Relevant cell-specific SRS configuration parameters corresponding to the target cell for the UL may need to be signaled to a Rel-11 UE with decoupled DL-UL association if the cell-specific SRS configurations are not aligned.
SRS may also be used for channel measurements to support DL operations via reciprocity, especially in TDD systems. However, according to the Rel-10 specifications, frequency hopping is supported only for SRS trigger type 0. Although up to three different sets can be configured by RRC signaling and one of them can be dynamically indicated to the UE for sounding different parts of the system bandwidth to provide some flexibility of sounding different parts of the bandwidth. This feature is only supported for DCI format 4 with 2-bit SRS triggering. To enable more efficient sounding of the entire bandwidth using aperiodic SRS transmissions that may be triggered via DCI format 0, it is crucial that frequency hopping for one-shot aperiodic SRS is supported in Rel-11.
Proposal 2: Frequency hopping is supported for one-shot aperiodic SRS for efficient support of SRS based channel measurements for DL operations in TD-LTE systems.
4. Conclusions

In this contribution, we presented system level simulation results comparing the performance of cell-specific SRS sequences according to Rel-10 specifications, cell-specific SRS sequences with CS extension, and UE-specific SRS sequences. We also presented some discussions on the need for signaling of cell-specific SRS configuration of a target cell on the UL for a Rel-11 UE with decoupled DL-UL association and on the support of frequency hopping for aperiodic SRS. We conclude the paper with a summary of the main proposals and observations regarding enhancements to SRS sequences and configuration for UL CoMP:

Proposal 1: Rel-10 SRS sequence design based on cell-specific SRS base sequence generation is sufficient for efficient support of UL CoMP.
Observation: Relevant cell-specific SRS configuration parameters corresponding to the target cell for the UL may need to be signaled to a Rel-11 UE with decoupled DL-UL association if the cell-specific SRS configurations are not aligned.
Proposal 2: Frequency hopping is supported for one-shot aperiodic SRS for efficient support of SRS based channel measurements for DL operations in TD-LTE systems.
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Appendix A

Table 2: Summary of simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Full buffer traffic: Macro cell area average throughput, Cell-edge user throughput

	Deployment scenarios
	·  Scenario 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
	30 for config. 4b

	Maximum transmission power at UE
	24dBm

	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
	2 antennas per reception point, 10 antennas per cooperating entity

	Number of antennas at UE
	2 antennas 

	Antenna configuration
	2x2 cross polarized antennas

	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
	· Realistic SRS for link adaptation (CQI/PMI calculation and scheduling); cell-specific SRS subframe periodicity of 2ms
· Ideal DM-RS

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

	Placing of UEs
	Clustered (Config 4b)

	Traffic model
	Full buffer 

	Backhaul assumptions
	Zero latency and infinite capacity 

	Link adaptation
	·  Ideal and non-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
	HetNet: α=0.8, P0=-57dBm for both macro & pico UEs, optimal pathloss to closest reception point assumed for OLPC

	HARQ scheme
	Chase combining
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