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1
Introduction

In this contribution we discuss some aspects of UL DM-RS signals in Rel-11 HetNet CoMP, i.e. Scenarios 3 and 4. 

Some of the conclusions are applicable to CoMP Scenarios 1 and 2 as well but we don’t discuss this aspect in detail in this contribution. 

At RAN1 #67, te following was agreed:

· UE-specific configuration of base sequence
· UE-specific configuration of CS hopping
· FFS whether the base sequence and CS-hopping are independently configured
· consider resulting UL DMRS capacity  in either approach
· consider compatibility with inter-point interference randomization
· FFS whether configuration is semi-static or dynamic
· base sequence and CS hopping configurations may be different
· coexistence of legacy UEs should be taken into account
· consider signalling overhead of either approach
· consider resulting UL system throughput from either approach 
· Additional enhancements may be considered
E.g. study methods for inter-cell interference randomization and capacity enhancement, 

Other methods for inter-cell orthogonality. 

2
Discussion

We will focus on the two heterogeneous CoMP scenarios: 

· RRH CoMP Scenario 3:   RRH with different cell ID:

· Cell splitting gain can be easily achieved by scheduling different users to different RRH

· RRH CoMP Scenario 4:  RRH with the same cell ID, the Macro and RRH form a virtual large cell with centralized scheduling

· SFN gain can be achieved but not cell splitting gain for control

In the case of Scenario 3, cell range expansion can be achieved by either
· PSS/SSS/CRS/PBCH interference cancellation
· Decoupled data and control 

2.1
Efficient UL operation in DL heterogeneous CoMP

In Figure 1 and 2, example UE connections are shown for Scenario 3 and 4, respectively. 

Scenario 3 with decoupled control is shown in Figure 1. 
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Figure 1   UE in the range expansion area in Scenario 3

We note the following with respect to Figure 1. 

UE1 and UE2 use the CellID of eNB1 for deriving UL RS and SRS sequences, UL RS cyclic shift hopping sequence, etc.  

UE3 and UE4 use the CellID of RRH2 and RRH3, respectively, for deriving UL RS and SRS sequences, cyclic shift hopping sequence, etc.  

In some cases, it would be beneficial to allow UE1 to use the CellID of RRH2 , for example, in order to enable MU-MIMO UL multiplexing of UE1 and UE3. Similarly, it could be beneficial to allow UE2 to use the CellID of RRH3 in order to enable MU-MIMO UL multiplexing of UE2 and UE4.  

Example UEs at similar locations are shown in Figure 2 for Scenario 4. 
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Figure 2   UE in the range expansion area in Scenario 4

We note the following with respect to Figure 2. 

UE1, UE2, UE3 and UE4 all use the common CellID of eNB1, RRH2 and RRH3, for deriving UL RS and SRS sequences, UL RS cyclic shift hopping sequence, etc.  

For UE3 and UE4, it would be possible to use the same resource without any orthogonalization, i.e. achieve cell-splitting gain in the UL.  For this, we assume that the pathloss ratios are such that UE3 generates little interference to RRH3 and that UE4 generates little interference to RRH2.  In this case, it would be beneficial to allow for UE3 and UE4, to use a different CellID so that when some interference level does occur, the possibility of coherent combining of the DM-RS is reduced. It would be possible to achieve the same with ensuring that UE3 and UE4 are always granted different number of RBs in the UL or different frequency location but it may not be trivial to ensure this in all cases, especially with small RB allocations.    
To achieve all of the above goals, it seems sufficient if the CellID assumed for the UL procedures can be decoupled from the DL serving CellID and it can be signalled in a UE-specific manner. 
Proposal 1:

Introduce UE-specific signalling to control the PCI assumed for UL DM-RS transmissions by the UE. 
The above proposal can help in both CoMP Scenarios 3 and 4. 

We would add also that the UE-specific CellID signalling helps with RS orthogonalization in general in all cases when there is close cooperation between UL reception points. It avoids having to redesign the Rel-8 UL RS procedures; therefore, it is a simpler method then introducing a new cyclic shift hopping function, for example.  
It doesn’t seem necessary to individually configure cyclic shift hopping or base sequence parameters since the end goal is to control whether the DM-RS is orthogonalized or randomized relative to another UEs DM-RS, which can be alredy achieved by assigning the same or different virtual CellID, respectively. 

4
Conclusions

The uplink reference signals were discussed.  

We made the following suggestion:
Proposal 1:

Introduce UE-specific signalling to control the PCI assumed for UL DM-RS transmissions by the UE. 
It doesn’t seem necessary to individually configure cyclic shift hopping or base sequence parameters since the end goal is to control whether the DM-RS is orthogonalized or randomized relative to another UEs DM-RS, which can be alredy achieved by assigning the same or different virtual CellID, respectively. 
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