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1.
Introduction
Work item “Coordinated Multi-Point Operation for LTE – Uplink Core Part” [1] was agreed at RAN#53 as one of the prioritized items for Rel-11. One of the WI objectives is [1]:

· Study the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations studied in the CoMP study item. The areas for study include: 

· Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception
· […]
In this contribution, we consider Rel-8/9/10 DM RS limitations from UL CoMP reception viewpoint and, hence, related UL DM RS enhancements needed for improved CoMP reception.

We present our view on the combined operation of inter-cell and intra-cell DL CoMP in [2]. It should be noted that UL CoMP should not be coupled only to either intra-cell CoMP or inter-cell CoMP but should be applicable in both cases. There is a considerable variety of UL CoMP methods, and some of them are e.g. less sensitive to backhaul latency than DL joint transmission CoMP.   
2. Uplink reference signals 
When considering UL DM RS from CoMP viewpoint, one of the main issues is the gain from inter-cell orthogonal DM RS. In Appendix 1, we show the cell edge and average throughput gains from intra-cell orthogonal DM RS when joint reception CoMP is employed. From the results it is concluded that to achieve considerable UL CoMP gains with joint reception, inter-cell orthogonal DM RS is needed within the UL CoMP cooperation set. 
It is possible to configure inter-cell orthogonal DM RS already with Rel-8/9/10. This is achieved by configuring the same sequence group and cyclic shift hopping pattern to be used on PUSCH within a CoMP coordination area, that is, set of cells configured to UL CoMP reception.  The configuration is done via sequence-shift pattern
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 [3]. The sequence-shift pattern provides control on used sequence group given by 
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and on sequence hopping pattern as well as cyclic shift hopping pattern both initialised by 
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3.1 PUSCH DM RS configuration

In heterogeneous networks, there is clear discrepancy between the UL and DL cell coverage. For a pico node, UL coverage is often considerably larger than DL coverage as the pico DL coverage is reduced due to Tx power difference between pico and macro. Hence, it is an attractive CoMP solution to decouple DL and UL cell selection so that both directions could be served by the best link. Such decoupling can improve UL cell edge throughput up to 70% when assuming that downlink cell is selected based on RSRP, as shown in Appendix 2. 
Observation 1: It is beneficial to support UL reception via different cell than DL in heterogeneous networks 
One of the attractive features of such CoMP scenario is that joint reception is not required to reach considerable cell edge gains. For a moment, we focus on such UL CoMP scheme that does not involve joint reception. Which Rx point to use in uplink signal reception is standard transparent, thus of course, pico node can receive PUSCH with DM RS associated with macro cell. This is the arrangement for Rel-8/9/10 terminals. However, it is an awkward arrangement. Inter-cell orthogonal DM RS is not necessarily needed in here as cell-edge gains can be achieved also without joint reception. Macro cell and related pico cells could have rather independent cell-specific UL scheduling. However, there is no inter-cell DM RS randomisation between macro cell UEs and those UEs that are received via pico cell but use macro cell DM RS configuration. Hence, macro cell scheduling needs to take into account scheduling in all pico cells in order to avoid DM RS collisions. Additionally, UEs that are received via pico node can use different DM RS configurations – such as sequence groups and cyclic shift hopping patterns – which depend on the UEs’ cell association on DL. Hence MU-MIMO pairing is severely limited in pico cell. Thus, Rel-8/9/10 DM RS leads to unnecessary complicated and restricted scheduling in case of CoMP without joint reception but having separate DL and UL cell selection.
 Observation 2: Macro cell UE UL reception via pico cell in CoMP w/o joint reception leads to unnecessary scheduling  restrictions in case of Rel-8/9/10 DM RS 
The situation can be solved easily by decoupling Cell ID used in PUSCH DM RS configuration (related to sequence group hopping, sequence hopping and cyclic shift hopping) from the PCI. There are several alternatives how to configure, signal and control such Cell ID decoupling. For example, Rel-10 CA has defined several suitable features. Pico cell may be seen as a kind of SCC for macro cell UE, and Rel-10 CA has already defined solutions e.g. for SCC configuration/activation/ deactivation as well as for cross-cell scheduling.    
Proposal 1: Consider decoupling of Cell ID used for PUSCH DM RS configuration from PCI and support for separate configuration of PUSCH Cell ID 
When inter-cell orthogonal Rel-8/9/10 DM RS is needed e.g. for joint reception, the same sequence group and cyclic shift hopping pattern over the CoMP coordination area is configured simply by setting 
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 to be the same on all individual cells. However, Rel-8/9/10 does not allow configuration of CoMP coordination area over any set of physical cell IDs. It is required that all cells within the CoMP coordination area have the same 
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value, as the value affects initialization of sequence group hopping, sequence hopping, and cyclic shift hopping. 
Observation 3: Inter-cell orthogonal DM RS is supported over only specific sets of physical cell identities in Rel- 8/9/10
In practice, this limitation needs to be taken into account when cells are configured for joint reception CoMP so that also legacy terminals can benefit from JR CoMP. However, there is no point to keep the same problem also for Rel-11 terminals. Especially, as the limitation on PCIs can be solved with limited standardisation effort simply by decoupling Cell ID used for PUSCH DM RS configuration from the PCI, as already proposed above.
2.2 Scheduling flexibility with inter-cell orthogonal DM RS
DM RS orthogonality in Rel-8/9 is based on cyclic shifts, which require that the same PRB allocation is used among all PUSCH transmissions having mutually orthogonal DM RS. During Rel-10 standardization, the benefit from PRB allocation flexibility e.g. in terms of enhanced FDPS with MU-MIMO was realized and OCC was introduced. However, OCC cannot work with slot-based sequence group hopping or sequence hopping.  It was agreed that sequence group hopping and sequence hopping can be disabled with UE-specific RRC signaling if necessary. 
However, Rel-10 OCC has two shortcomings from the viewpoint of inter-cell orthogonal DM RS:
· It can pair only two different PRB allocations, which is insufficient for flexible UL CoMP operation. Scheduling restrictions are faced already with intra-site CoMP of 3 sectors. At least 2 sectors will need to have the same PRB allocation, when intra-cell orthogonal DM RS is used over all sectors. 

· When sequence group hopping or sequence hopping is used, it is not possible to flexibly schedule an UE using OCC with Rel-8/9 UEs. Additionally, inter-cell DM RS randomization, except for cyclic shift hopping, is disabled when OCC is used. Inter-cell randomization is still an important feature to guarantee sufficient DM RS randomisation between CoMP coordination areas when sequence planning is not employed over the whole network. .  

Observation 4: Rel-10 OCC supports only limited scheduling flexibility for CoMP and limits DM RS randomization between CoMP coordination areas.

IFDM is one method proposed to be studied further for increased PRB allocation flexibility [4]-[7]. However, IFDM can have degrading impact channel estimation accuracy on high SNR with large RPF as discussed in [8]. Hence, to reach reasonable PRB allocation flexibility, combination of OCC with IFDM having sufficiently low RPF should be considered further for Rel-11. DM RS randomization between CoMP coordination areas can be enhanced for OCC by introducing subframe rate sequence group hopping as already discussed during Rel.10 standardization.
Proposal 2: Consider ways to increase scheduling flexibility for inter-cell orthogonal DM RS
3.  Summary
In this contribution, we considered Rel. 8-10 DM RS from the viewpoint of UL CoMP and made following observations:
Observation 1: It is beneficial to support UL reception via different cell than DL in heterogeneous networks 

Observation 2: Macro cell UE UL reception via pico cell in CoMP w/o joint reception leads to unnecessary scheduling restrictions in case of Rel 8-10 DM RS
Observation 3: Inter-cell orthogonal DM RS is supported over only specific sets of physical cell identities in Rel-8/9/10

Observation 4: Rel-10 OCC supports only limited scheduling flexibility for CoMP and limits DM RS randomization between CoMP coordination areas.

We see that these limitations should be solved in Rel-11 and, hence, propose:

Proposal 1: Consider decoupling of Cell ID used for PUSCH DM RS configuration from PCI and support for separate configuration of PUSCH Cell ID 
Proposal 2: Consider ways to increase scheduling flexibility for inter-cell orthogonal DM RS
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Appendix 1 – Inter-cell orthogonal DM RS gain

Cell edge and average throughput performance is compared between inter-cell orthogonal and non-orthogonal DM RS configurations for joint reception CoMP.  The used DM RS configurations are  

· Inter-cell orthogonal DM RS: single sequence group is used in UL CoMP cooperation set.  

· Inter-cell non-orthogonal DM RS: cell-specific sequence group hopping patterns.

Used simulation assumptions are aligned with [9] and main parameters are given in Table 1. Fixed BW allocation aligned over the cells, as needed for inter-cell orthogonal DM RS, is used in both DM RS designs. Simulations contained transmission as well as detection of modulated symbols in presence of modulated signals from other cells, containing reference signals. Thus, channel estimation based on the DM RS is accurately modelled in simulations. Further, used channel estimation method does not assume accurate knowledge of the second order statics of radio channel. 
Cell edge and average throughput gains are presented in Figure 1. It can be easily noted that the UL CoMP gain on cell edge considerable degrades with the use of inter-cell non-orthogonal DM RS. Inter-cell orthogonal DM RS provides considerable performance gains over the inter-cell non-orthogonal DM RS for both the cell edge and average throughput. 

Table 1. Simulation assumption

	Parameter
	Values used for evaluation

	CoMP Scenario
	1

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB
	2

	UL power control
	Po=-84, alfa=0.8

	UL receiver type
	MMSE

	Channel estimation
	Practical filter, length 24 sub-carriers

	BW allocation
	6 PRB per UE, aligned over the cells
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Figure 1. CoMP gain comparison between inter-cell orthogonal DM RS (single sequence group) non-orthogonal DM RS (cell-specific sequence group).
Appendix 2 – Independent UL and DL cell selection
Simulation setup
We assume all UEs are aggregating two cells. Primary cell is selected following RRM measurement as in Rel.8 (RSRP based cell selection). The secondary cell is selected following minimal pathloss criteria to optimize the uplink coverage. So, Pcell is used to transmit PDCCH and PDSCH only, and Scell is used for PUSCH only. Baseline is RSRP based cell selection without bias. 

Table 2 Parameter settings for the UL simulation results
	Parameter
	Value

	Deployment scenario
	CoMP scenario.3 in TR36.819

	Antenna configuration
	1x2

	eNB receiver
	MMSE-IRC

	Traffic 
	Full buffer

	Power Control
	FPC formula ((=[0.9, 0.7])

	Sounding
	Ideal channel estimation, SRS is transmitted every 10ms


Simulation results

When UE is able to select the secondary cell using PL criteria, the association ratio to pico cell is much higher than with RSRP based cell selection. The reason is that the Tx power difference between macro and pico shrinks the coverage of pico cell in DL, but not in UL. PL based cell selection for UL is more reasonable in this scenario as it is more fit to actual pico coverage in UL.
Table 3 Uplink Simulation results for decoupled DL and UL cell selection.
	
	UL Coverage 
Spectrum 
efficiency  [bps/Hz]
	UL Average 
Spectrum 
efficiency  [bps/Hz]
	Uplink UE association ratio to Pico

	Rel-8 Uplink
	0.70
	2.84
	69%

	DCS CoMP
	1.24
	3.23
	90%

	Gain
	76%
	14%
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