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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 #68, the following conclusion was made:
· Agreement on UL DM-RS enhancement

· Confirm the working assumption on PUSCH DMRS enhancement in Rel-11
· UE-specific configuration of base sequence
· UE-specific configuration of CS hopping
· Email discussion before RAN1#68bis on details of RRC configuration for UL DMRS sequence and CS hopping, focus on comparison of these identified alternatives, and take into account aspects listed below: 

· Avoidance of consistent collision
· Complexity and performance impact
· Signaling overhead
· Support orthogonality with legacy UEs
· Network management 
In this contribution, we discuss our view on these issues. 
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. 
The various pairing options discussed in email discussions are shown in Table 1 below. 

	Scrambling ID
	Cyclic shift hopping ID
	Orthogonality by CS
	Orthogonality by OCC
	Interference randomization

	same
	same
	Yes
	Yes
	No

	same
	different
	Yes
	No
	No

	different
	same
	No
	Yes
	Limited, worse than Rel-8

	different
	different
	No
	No
	Yes


 Table 1  DM-RS parameter allocation cases
Based on the entries in Table 1, we can observe that introducing the individual parameter configuration doesn’t add any new capability in either orthogonality or interference randomization. 

In summary, we support virtual cell ID for UL DMRS and don’t see need for additional parameter specification. We don’t see the need for dynamic signaling either. These are mainly based on the following points:
· Minimum specification change of adding virtual cell ID to RRC signaling, no other change involved and keeps Rel 8 - Rel 10 approach

· Minimum UE implementation impact

· Only L2 impact of passing virtual cell ID instead of physical cell ID

· For the other alternative, we have to pass three parameters and change L2 to L1 interface

· If just cell ID change, 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

· Minimum eNB implementation impact

· For CoMP Scenario 4, eNB can simply assign virtual cell ID in different RRH regions and achieve cell splitting

· MU-MIMO by cyclic shifts or OCC within each of the virtual cell the same way as in Rel-10

· For independent configuration, eNB has to track all combinations and make sure there is no collision

The flexibility of configuring independent sequence group hopping and cyclic shift hopping does not seem to be justified. 

· The case where two users are paired by OCC by aligning their cyclic shift hopping pattern seems a corner case, as most of users should have already paired with other users within its own cell/virtual cell. 
· So far there is no system evalution to show how much gain such flexilibity can bring in a multicell multi-user environment.

In conclusion, there is no need to introduce additional parameters except for the virtual cell ID.  There is no need to introduce dynamic signaling for reconfiguration. 

4
Conclusions

The uplink reference signals were discussed.  

We made the following suggestion:
Proposal:

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. There is no need to have dynamic signaling either. 
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