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1. Introduction

In the RAN1#68 meeting, the following agreement with regard to PUSCH DM-RS enhancements in Rel-11 was made:

· UE-specific configuration of base sequence

· UE-specific configuration of CS hopping
Although UE-specific configuration of base sequence indices (BSI) and CS hopping (CSH) have been agreed for UL DM-RS, the signaling and the RRC configuration for UE-specific DM-RS are currently under discussion in the RAN1 working group. Regarding signaling of UE-specific DM-RS configurations, both semi-static and dynamic signaling are under consideration, and with regard to the RRC configuration for UL DM-RS sequence and CSH, the following alternatives are being discussed:

Alt 1: 

•   A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

–         NIDBSI (0 to 503) and ΔSSBSI  substitute NIDCELL and ΔSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

–         cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))

Alt 2: 

•          A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping

In this contribution, we present system evaluation results to compare semi-static signaling of virtual cell ID (VCID) to dynamic signaling of UE-specific BSI for Scenario 1 UL CoMP operation. The system level simulations are performed following the agreed common parameters [1] and CoMP evaluation methodology in [2, Annex A]. In Section 3, we present our views on the RRC configuration details, and Section 4 presents the conclusions based on the analyses presented herein.

2. Signaling of UE-specific DM-RS configurations: Semi-static vs. Dynamic

In this section, we present system evaluation results to compare the following UE-specific DM-RS schemes: 

· Semi-static signaling of VCID 

· Dynamic signaling of BSIs

For semi-static signaling of VCID, apart from the cell-specific BSIs, a VCID based BSI is reserved for each CoMP set (for Scenario 1 deployment assumption). The UEs configured for UL CoMP are assigned the VCID based BSI, while the non-CoMP UEs in each cell are assigned the cell-specific BSI. Users with the same BSI are multiplexed via CS with the CSs being dynamically assigned based on the scheduling decision for each PUSCH allocation (similar to Rel-10 operation). Additional scheduler restrictions that result from the semi-static signaling of VCID due to the introduction of (virtual) cell borders are also incorporated in the scheduler implementation.

For dynamic signaling of UE-specific DM-RS, 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 that includes the cell-specific base sequences as per Rel-10 specifications. In general, the value of N may depend on the size of the CoMP set, 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. 

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 dynamic UE-specific sequence assignment algorithm. The algorithm used in this work is as described in [3, Appendix A].

The above UL DM-RS schemes are further compared to UL CoMP operation with cell-specific DM-RS. The deployment scenario used for the evaluations is CoMP Scenario 1 (intra-site CoMP) according to the CoMP evaluation methodology in [2, Annex A]. Joint reception (JR) is considered as the UL CoMP scheme with a system model as described in [4]. The CoMP activation power threshold is set to 10 dB. While four co-polarized antennas are assumed at each reception point (RP), each UE is assumed to be equipped with a single antenna. For both CoMP and non-CoMP evaluations, a maximum of 4 users per PUSCH allocation are considered in the simulations.

The impact of CE is explicitly modeled based on DM-RS error modeling as described in [5], while ideal SRS estimates are used for scheduling with CQI application delay equal to 7 ms. A summary of the main simulation assumptions is shown in Table 2 of Appendix A. Tables 1 and 2 summarize the simulation results for Scenario 1 with MMSE-IRC and MMSE-only receiver assumptions at the network side, respectively. 

Table 1: Simulation Results for Scenario 1 of the 

CoMP evaluation methodology [1] with 1x4 antenna configuration, MMSE-IRC

	
	Cell SE (b/s/Hz)
	Cell-edge user SE (b/s/Hz/user)
	Gain over CoMP with cell-specific DM-RS

	
	
	
	Cell SE
	Cell-edge user SE

	CoMP, Rel-10 cell-specific DM-RS
	1.810 
	0.0820
	■
	■

	CoMP, UE-specific DM-RS: semi-static signaling of VCID
	1.731 
	0.0849
	-4.36%
	+3.54%

	CoMP, UE-specific DM-RS: dynamic signaling of BSI
	1.945 
	0.0864
	+7.46%
	+5.37%


Table 2: Simulation Results for Scenario 1 of the 

CoMP evaluation methodology [1] with 1x4 antenna configuration, MMSE-only

	
	Cell SE (b/s/Hz)
	Cell-edge user SE (b/s/Hz/user)
	Gain over CoMP with cell-specific DM-RS

	
	
	
	Cell SE
	Cell-edge user SE

	CoMP, Rel-10 cell-specific DM-RS
	1.277 
	0.0539
	■
	■

	CoMP, UE-specific DM-RS: semi-static signaling of VCID
	1.250 
	0.0581
	-2.11%
	+7.79%

	CoMP, UE-specific DM-RS: dynamic signaling of BSI
	1.328 
	0.0581
	+3.99%
	+7.79%


From the results in Tables 1 and 2 the following observations can be made: 

· For MMSE-IRC receiver, while UE-specific DM-RS using semi-static signaling of VCID provides marginal improvement over Rel-10 cell-specific DM-RS in terms of cell edge performance, it suffers significantly from MU-MIMO performance degradation to the extent that the cell average spectral efficiency can be worse than CoMP operation with Rel-10 cell-specific DM-RS scheme. 

· For MMSE-only receiver, both signaling options provide similar gains over Rel-10 cell-specific UL DM-RS in terms of cell edge performance, whereas the semi-static signaling option suffers significantly in terms of cell average.

· For both MMSE-IRC and MMSE-only receivers, UE-specific DM-RS using dynamic signaling of BSIs provides significant gains for both cell average and cell edge when compared to the semi-static signaling alternative.

The cell average performance degradation from semi-static signaling can be attributed to the creation of new cell borders that imposes scheduling restrictions regarding MU-MIMO pairing within a cell. Thus, these results can be seen to confirm the concern mentioned in [6] that the loss from MU-MIMO degradation may be significant while the benefits of inter-point orthogonality from UE-specific DM-RS based on semi-static signaling of VCID may be limited.

Significant impact from DM-RS based channel estimation (CE) on the cell average is observed for the MMSE-IRC receiver at the network side. This is because the performance of the MMSE-IRC receiver not only depends on the estimation of channels for the concerned UE to be demodulated, but also the estimation of the channels from the co-scheduled MU-MIMO UEs as well. Hence, for JR CoMP with MMSE-IRC receiver, the CE for the cross-link from a UE in another cell that is jointly received significantly impacts the inter-stream (from co-scheduled UEs) interference mitigation capability of the MMSE-IRC receiver, and consequently, the cell average performance.

However, each cooperation link typically has lower signal quality than the link to the serving cell because its pathloss is usually larger. Therefore, the CE quality of the additional link(s) to the cooperating receiver(s) of the CoMP set is critical for obtaining significant gains through cooperation. From the results in Table 1, UE-specific DM-RS with dynamic signaling of BSIs can be seen to provide reliable CE quality for the cross-links due to its flexibility in providing better inter-point orthogonality while at the same time, imposing no restrictions on MU-MIMO scheduling. The benefits of dynamic signaling in terms of scheduling flexibility are further pronounced when considering the presence of legacy UEs. Lastly, the increase in the PDCCH overhead may be contained to a reasonable amount by dynamically assigning only the indicators to semi-statically set configurations. Based on the above analysis, we have the following proposal.

Proposal 1: UE-specific DM-RS based on dynamic signaling of BSIs should be supported to realize meaningful UL CoMP gains in Rel-11.
3. RRC configuration details for UE-specific UL DM-RS

Since extensive e-mail discussions are currently ongoing on this issue with the benefits of Alt 1 over Alt 2 being presented by many companies, we would not repeat them here. In this section, we present our view on this issue in Proposal 2 based on the reasoning that Alt 1provides better scheduling flexibility in terms of co-scheduling of legacy and Rel-11 UEs via OCC, better interference mitigation via OCC for UEs with different BSIs and same CSH, more opportunities to enable improved CE for the cross-links in case of JR CoMP (the impact of which has already been demonstrated in Section 2), and more opportunities to exploit cell-splitting gains in CoMP scenario 4.

Although there would be some restriction and network coordination required in terms of the choice of the parameters n(1)DMRS and n(2)DMRS,λ if the option of using OCC to multiplex two UEs with different BSIs and same CSH is employed, this restriction can be seen as quite limited in terms of its impact compared to the scheduling restrictions and reduced flexibility resulting from the adoption of Alt 2.

Proposal 2: RRC configuration for UL DM-RS as proposed in Alt 1 should be supported to provide increased scheduling flexibility and more opportunities to facilitate good inter-point orthogonality in CoMP scenarios 1 – 3 while not sacrificing cell-splitting gains (from interference averaging) in CoMP scenario 4.

4. Conclusions

In this contribution, system-level evaluations are presented to compare UE-specific DM-RS based on semi-static signaling of VCID to that based on dynamic signaling of BSI. The simulation results indicate that, when compared to dynamic signaling of BSI, the approach of semi-static signaling of VCID results in substantial degradation in cell average SE and slightly degraded to similar performance in terms of cell edge SE. Based on the analyses presented in this contribution, the main proposals may be summarized as:

Proposal 1: UE-specific DM-RS based on dynamic signaling of BSIs should be supported to realize meaningful UL CoMP gains in Rel-11.
Proposal 2: RRC configuration for UL DM-RS as proposed in Alt 1 should be supported to provide increased scheduling flexibility and more opportunities to facilitate good inter-point orthogonality in CoMP scenarios 1 – 3 while not sacrificing cell-splitting gains (from interference averaging) in CoMP scenario 4.
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Appendix A
Table 2: Summary of simulation assumptions

	Parameter
	Values used for evaluation

	Performance metrics
	Full buffer traffic: Cell average and cell-edge user spectral efficiency

	Deployment scenarios
	Scenario 1: Homogeneous network with intra-site CoMP

	Channel model
	Scenario 1: 3GPP-Case1

	Number of UEs per Macro cell area
	10

	Maximum transmission power at UE
	24dBm

	System bandwidth
	10 MHz 

	UL transmission scheme
	Joint processing (reception) for CoMP

	Impairment modeling
	·  PUCCH overhead

·  SRS overhead
·  DMRS overhead and error 

	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 

	Antenna configuration
	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

	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-IRC, MMSE-only

	Placing of UEs
	Uniform

	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 2 RBs)

	Power control
	α=0.8, P0 = -88dBm

	HARQ scheme
	Chase combining

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