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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 #68bis, the following conclusions were made:

Working assumption is Alt 3 below: [Could be revisited after checking if Alt 3 supports the four cases in the table, the range of the cinitCSH that needs to be signaled, and other relevant aspects. ]

 A RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}.

· VCID is used to derive base sequence

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

In this contribution, we discuss our view on further design details, more specifically, on whether we need to have dynamic signaling or not for these parameters. 
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
Review of Use Cases for Efficient UL operation in DL heterogeneous CoMP

In this section, we review the use cases where UL DMRS enhancements are needed. 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. Further orthogonization through cyclic shift hopping is strictly not required. 
2.2 Semi-Static vs. Dynamic Reconfiguration
For the reconfiguration, we perfer not to have dynamic signaling, for the following reasons:
· CoMP operation is mainly targeting low mobility users. For these users, semi-static virtual cell ID assignment and cyclic shift hopping are sufficient. For high mobility users, orthogonization through dynamic pairing users will be much harder if not infeasible. 
· Minimum specification change of adding virtual cell ID and cyclic shift hopping parameters to RRC signaling.

· No dynamic control signaling overhead or specification impact. 
· Smaller UE implementation impact

· If semi-static reconfiguration is used, UE can still pre-calculate the sequence and store them if it is preferred. 
· If it is dynamic, it has to calculate on the fly or store multiple copies

· Smaller eNB implementation impact

· With semi-static reconfiguration, eNB can have more time to decide on interference management among users and provide reconfiguration only if necessary
Only if sufficient system gain is shown for dynamic signaling vs. static signaling, we will consider dynamic signaling. In this case, our preference is to keep the dynamic signaling overhead to minimum:

· If dynamic configuration is used, then we should not introduce new format or add DCI bits. We can reuse, for example, the DM-RS cyclic shift indicator.
· We should also keep the number of configured parameter sets to be 2, similar to DL decision. 

4
Conclusions
In this contribution, we presented our view on the UL DM-RS enhancements for CoMP. 

Our preferences are:

1. Semi-static configuration for virtual cell ID and cyclic shift hopping parameters should be used instead of dynamic signaling

2. If significant system gain is shown with dynamic signaling, we will consider dynamic signaling with the following restriction:
a. Restricting the number of configured parameter sets to be 2, similar to DL decision

b. Do not increase DCI bits, but try to reuse exiting bits, e.g. DM-RS cyclic shift indicator. 
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