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1 
Introduction
In the CoMP work item description [2], it states that 

· Specify the support of intra- and inter-cell downlink CoMP for homogenous and heterogeneous configurations studied in the CoMP study item. 

· The work for specifying CoMP support in Rel-11 should focus on

· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking

The working assumptions for CoMP DMRS design were agreed in the RAN1 #66bis meeting:  
· Same DMRS sequence generator as in Rel-10 is used.

· A UE can be semistatically configured in a UE specific manner, which initialization values for DMRS scrambling generator are available for dynamic selection.

· Initialization values can be configured to correspond to Rel-10 DMRS. 

· FFS: Introduction of additional orthogonality for DMRS

In the RAN1 #66bis meeting, we provided our initial view on DMRS design [5] for CoMP schemes. In this contribution, we provide further details on the DMRS design aspect for the above listed CoMP schemes.

2 
UE Demodulation reference for CoMP

From our high level proposal papers [3]

 REF _Ref305081533 \r \h 
[4], we have concluded that DPS for DL CoMP using common reference signal (CRS) as UE demodulation reference provides a robust gain in downlink cell edge throughput in the most widely used LTE antenna configuration and varied deployment conditions, and very importantly it can operate in all the transmission modes in Rel-8/9/10. Here we restate the related proposal:
Proposal 1: DL CoMP operation to be specified in R11 should include support for DPS with common reference signal used for UE demodulation reference.

Furthermore we drew the conclusion in [5] that Rel-8/9/10 demodulation RS design is sufficient for DL CoMP operation in scenario 1, 2 and 3 and we do not see the need to introduce new DMRS design in Rel-11 for these scenarios.

Proposal 2: Rel-8/9/10 RS design can be reused for R11 CoMP support in scenario 1-3

3
Rel-11 DL DM RS Enhancements
We first review the Rel-8/9/10 RS design, and discuss the unique requirements in downlink CoMP compared to rel. 8/9/10, then go to the proposed solutions.

3.1 Review of Rel-8/9/10 RS design
 The LTE 8/9/10 RS sequence is generated through a Gold code seeded with Cell-ID, slot index, and in some cases with UE-ID or scramble ID. In section 7.2 of 3GPP 36.211, the pseudo-random sequence genration is shown. A phase jump of 1600 clocks is used in all Gold code generation in Rel-8/9/10. 
For port 7 and port 8 in TM8/TM9 transmission signaled through DCI format 2B/2C, the seeding is given by
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From that we can see in rel-10 the RS sequences for different ports in TM9 can be seeded differently.

Observation 1: DMRS for different antenna ports in TM9 can be initialized with different seeds.

3.2 Considerations for PDSCH demodulation in scenario 4
For intra-cell CoMP, the number of transmission points, the number of simultaneously scheduled UEs and the transmission ranks for UEs all come together to determine the required number of DM RS sequences. Even though in the evaluation methodology document [1], as a baseline, 4 picos are dropped in each macro; in a real deployment in the future, there will be deployments with more than 4 picos and deployments with fewer than 4 picos in a macro area. The propagation condition also leads to difference in the optimal (average) transmission rank in each deployment. In addition, data traffic type and scheduler implementation can also lead to difference in the variation in the number of simultaneously scheduled UEs. Consequently it is rather difficult to set a hard limit on the number of DMRS sequences for those divergent scenarios, but current 2 DMRS sequences are not enough.
Observation: For intra-cell CoMP the total number of layers transmitted within one cell could be significantly higher than what is supported by transmission modes 8 & 9.

Leading to the following general proposal on DL DM RS enhancement for R11: 
Proposal 3: In R11 it should be considered how to support the simultaneous transmission of more than 4 layers to multiple users within one cell.
3.3 RS design for Intra-cell CoMP
From the working assumption on CoMP DMRS design, the Gold sequence generator can be used for rel-11 DMRS design. Two possible approaches are available to modify the sequence generation from rel-8/9/10. In the first approach, a clock jump other than 1600 can be used; which is equivalent to use a different phase-shift network with the Gold code. With this approach, collision with rel-8/9/10 deployment is randomized but not totally avoided. We do not see this as a viable solution by its own. In the second approach, the seeding formula can be changed, for example by using virtual cell-ID or UE-ID or some variant of UE-ID. We will have more discussions on the second approach in sections 3.3.1, 3.3.2 and 3.3.3.
Before going to the detailed analysis of the pros and cons for each design, it is good to first consider whether the CoMP DMRS design is UE centric or TP (set) centric. With the UE-centric design, the rel-11 CoMP DMRS is solely used by one UE,  MU-MIMO is transparently supported through DMRS seeded with different UE IDs. With the TP (set) centric design, MU-MIMO with orthogonal DMRS can be supported readily. If a dynamic part in the seeding for PDSCCH DMRS is included in the ePDCCH DCI(s), then actually both can be supported and one does not have to make a hard choice between them.
3.3.1 Method 1: seeding with virtual Cell-ID
In the seeding method with virtual Cell-ID, a virtual Cell-ID is used to seed a UE’s DMRS potentially using the same formula. Even though this solution looks simple and easy at a first glance, the involved PCI planning is non-trivial.
PCI (cell-ID) selection automation has been considered in the SON context in previous releases. It is beneficial to review how PCI is assigned in rel-8/9/10. In the centralized PCI assignment scheme, the PCI is signalled by OAM, which puts considerable burden on the network planner. In the distributed PCI assignment scheme, the eNB needs to remove PCIs through three methods
· Method a: reported by UEs; 
· Method b: reported over the X2 by neighboring eNBs and/or 
· Method c: acquired through other implementation dependent methods, e.g. heard over the air using a downlink receiver.
Cell-ID coordination becomes a more challenging problem in the Rel-11 CoMP setup than in previous releases. It should be pointed that method c) is not failure-proof due to the well known hidden node problem. In rel-8/9/10, when a UE detects PCI for a neighboring cell, P-SCH/S-SCH and CRS are all visible to UEs in the coverage area with persistent schedule. In contrast, in intra-CoMP, if the DMRS is generated through the same procedure in Rel-10 with virtual cell-ID in the seed, DMRS collision can be rather difficult for a UE to detect due to the beamformed nature of DMRS transmission. From that we conclude method a) does not provide satisfactory solution either. Then basically one is left with method 2). For scenario 4, as all the RRHs in the macro area share the same cell-ID, Method b) does not provide an immediate solution. It can be envisioned that eNBs exchange the group of virtual cell-IDs used in each cell and through multiple iterations of information exchange the virtual cell-ID group is determined. If the virtual cell-ID is more or less tied to a certain coverage area, the network planner needs to ensure there is enough multiplexing capacity in that area. On the other hand, if the virtual Cell-ID is tied to a UE or a group of UEs, the virtual cell-ID coordination has to dynamically react to the change in UE distribution or dimensioned for the worst case (overbooking virtual cell-ID in each macro). It seems neither provides a satisfactory solution.  Hence we do not see “virtual” cell-ID as a suitable solution for DMRS.
Observation 2: Seeding with virtual Cell-ID does not provide a suitable solution for the CoMP DMRS design.

In Appendix B, a method of obtaining seeds for RRHs is considered, which involves the modification of the seeding formula for RRHs.
3.3.2 Method 2: seeding with UE-ID
By inspecting the sequence generation procedure, it can be seen that the UE-ID seeding in TM7 can be put to good use. In [5], we provide our initial thought on seeding the sequence generation with UE-ID. In this paper, more details are provided. We propose to use the seeding formula for TM7:
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And the port RE definitions for ports 7-14 for rel-11 CoMP DMRS. With the huge space for UE-IDs (close to 2^16), there should be little need for planning the UE-ID assignments. With this design, SU-MIMO up to rank 8 can be supported, and MU-MIMO can be supported transparently. Orthogonal DMRS for MU-MIMO is not easily supported with this solution, however as also discussed during Rel-10 time frame quasi-orthogonal sequences may also work well and considering the notable simplification to in planning and configuration we still think this method needs to be considered at least as part of the total solution. With that, we are motivated to consider a variation of this method next.
3.3.3 Method 2a: seeding with UE(group)-ID

In this method, in addition to the UE-ID, a UE is semi-statically configured with a UE group ID through RRC signalling. It is preferred that UEs in one area that can be involved in MU-MIMO transmission from the same transmission point are configured with the same UE-group ID. With that, a UE is allowed to at least semi-statically switch between the following initializers where UE group id is also a semi-statically configure parameter:
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and 
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With the later, orthogonal DMRS for MU-MIMO can be readily supported: 

By configuring the same UE-group-ID to two UEs, and signalling the same SCID to them, one UE can be assigned to port 7, and another is assigned to port 8. It is clear that some combination of UE-group-ID and SCID can collide with a UE-ID, as both take values from the same 16-bit space. To avoid that undesirable collision, some segment(s) of the UE-ID space needs to be reserved for UE-group-ID. Given the fact that UE-IDs have a huge space (close to 2^16), the restriction should have minimal impact on UE-ID assignments. It is clear the UE-group ID plays a similar role as the virtual cell-ID, yet it does not bring all the challenges associated with the virtual cell-ID method.
The inclusion of SCID in the above formula also makes it possible to schedule multiple rank-1 UEs simultaneously while providing orthogonal DMRS for paired UEs.

Proposal 4: In Rel-11 consider to support PDSCH DMRS seeding with UE-ID and/or UE-group ID
4 
Conclusion
In this contribution, we provide our detailed analysis and proposals on rel-11 CoMP DMRS design. And we have the following proposals:
Proposal 1: DL CoMP operation to be specified in R11 should include support for DPS with common reference signal used for UE demodulation reference.

Proposal 2: Rel-8/9/10 RS design can be reused for R11 CoMP support in scenario 1-3

Proposal 3: In R11 it should be considered how to support the simultaneous transmission of more than 4 layers to multiple users within one cell.
Proposal 4: In Rel-11 consider to support PDSCH DMRS seeding with UE-ID and/or UE-group ID
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Appendix A
The following table gives the signalling of DMRS use in TM9.
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0
	0
	2 layers, ports 7-8, nSCID=0

	1
	1 layer, port 7, nSCID=1
	1
	2 layers, ports 7-8, nSCID=1

	2
	1 layer, port 8, nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID=1
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14


Table 1, from Table 5.3.3.1.5C-1 Antenna port(s), scrambling identity and number of layers indication, 36.212, Rel-10

Appendix B
If the virtual cell ID is used to seed the Gold sequence for RRH, collision with macro cells’ seeding can be a problem. To avoid the collision, one can consider a slight change in the seeding formula for RRHs:
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Where NRRH is introduced to offset the seeds taken by RRHs from those taken by macros. It is found that with NRRH =16376, 16372, 16368, 16364, 16356, 16352, 16348, 16336, 16332, 16328, 16324, 16316, 16312, 16304, 16296, 16292, 16288, 16284, 16276, 16268, 16264, 16256, 16252, 16248, 16244, 16232, 16228, 16224, 16216, 16212, 16208, 16204, 16196, 16192, 16188, 16184, 16176, 16172, 16168, 16156, 16152, 16148, 16144, 16136, 16132, 16124, 16116, 16108, 16104, the seeds taken by RRHs do not collide with the seeds taken by macros with the same slot index.
With this modification, the cell ID planning is not affected by the introduction of RRHs into the network, and isolation between macros and RRHs is achieved in DMRS seeding.
If measure such as the above can be adopted to alleviate the network planning problems highlighted in section 3.3.1, the virtual cell ID solution may be further studied for CoMP DMRS seeding.
� EMBED Equation.3  ���
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