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1. Introduction

The following working assumptions were agreed in RAN1 #68 for DMRS [1][2]:
· Enhancement to DMRS sequence in Rel-11 DL-CoMP is supported. 
· The scrambling sequence of DMRS for PDSCH on ports 7~14 is initialized by 
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· X is a parameter whose value is dynamically chosen from {x(0), x(1), … x(N-1)} for N>1, and x(n) (0<=n<N) are configured by UE-specific RRC signaling.  

· The value of N and details of dynamic selection are FFS.
· X could be dynamic signaling with additional bits of DCI format or 

· Tied to current parameter, e.g., nSCID
· The value range of x(n) (0<=n<N) is FFS.
· Note: Target of harmonization with ePDCCH is FFS
· Note: Target of minimize the modification of any DCI formats for DM-RS sequence
In this contribution, we further present our views to the following details in DMRS sequence initialization:
· The value of N and details of dynamic selection
· The value range of x(n) (0<=n<N)
2. Featured targets of dynamic selection

The dynamic selection of parameter X in DMRS sequence initialization is proposed for fast switch between orthogonal DMRS and quasi-orthogonal DMRS in parallel transmissions of more than one UE, where the UEs can be served by the same or different TPs. Meanwhile, the dynamic selection should fully supports the single TP SU transmission defined in Rel-10. To decide the appropriate DMRS sequence initialization, the following design targets are either inherited from Rel-10 system or raised as important considerations in Rel-11 study.

· Interference randomization among TPs
The UE should be allowed by at least one of x(n) to have PDSCH of more than two layers with the cinit to guarantee the quasi-orthogonality to any transmission from other “visible” TPs. Note that the PDSCH of more than two layers requires the nSCID in DCI equal to 0.  

· DMRS orthogonality between two TPs
Here two TPs can refer to two RRHs in macro cell, or one RRH and one macro eNB, or two macro eNBs. In any case, the same X and the same nSCID in cinit are required for the DMRS transmitted from two TPs.  
· DMRS orthogonality between Rel-11 UE and Rel-10 UE

It may be difficult to always guarantee such DMRS orthogonality if Rel-10 UE is in pico cell of CoMP scenario-3 and Rel-11 UE is in macro-cell, since it is infeasible to keep every pico cell-ID in x(n) while N is comparatively a small number. Therefore, we focus on the cases where either two UEs are served by the same TP, or Rel-11 UE is served in pico cell and Rel-10 UE is served in macro-cell. 
Even though it is not guaranteed in RAN1 study to always meet above-mentioned design targets for every UE performing the dynamic selection, we do see some examples, which are shown in section 3, achieving almost all above targets based on one specific set of RRC-configured x(n). In addition, it is not a good evaluation practice if some design targets assume one set of x(n) while some other targets assume a different set of x(n). 
Proposal-1: The evaluation of dynamic selection solutions should count on their capability in support of different design targets based on one set of RRC-configured {x(n)} . 
3. Candidate solutions on dynamic selection

Basically the dynamic selection can be indicated to UE by either tying to existing Rel-10 DCI parameters and/or functions or defining additional Rel-11 DCI fields. Even though new DCI field can ensure to keep the Rel-10 DCI parameters and corresponding functionality untouched, modification of DCI length may require additional standardization efforts outside DL DMRS scope and additional testing complexity in RAN4, and therefore is not an attractive solution. Dynamic selection of x(n) can also be indicated implicitly, e.g., by the mapping of PDCCH/ePDCCH.  However, because the mapping of PDCCH is already used in Rel-10 for some other purposes, such as indication of PUCCH resource index, assigning additional interpretations to PDCCH mapping will increase the logic complexity in the implementation, and may not meet the requirements from both existing functionalities and DL DMRS sequence initialization. Therefore, we prefer to reuse existing DCI parameters to inform UE of dynamic selection of parameter X.
Proposal-2: The dynamic selection of x(n) should base on information fields provided by Rel-10 DCI. 

3.1. Analysis of X=x(nSCID)
In the past RAN1 study, the dynamic selection based on nSCID in DCI, i.e. X=x(nSCID) for N=2, was proposed. This paper investigates this solution by analyzing what {x(n)} should look like, considering the dynamic selection targets previously mentioned in section 1. 
Assume a three-TP cluster shown in Figure 1, where single-TP transmission is scheduled by TP-i to UEi in the arranged TTIs. Any two of three UEs can find some TTI in which their transmissions are allocated on the same resources and their PDSCH DMRS are orthogonal. In this analysis, TP-1 and TP-2 are pico-eNBs while TP-3 is assumed as macro-eNB. The assignment of {x(n)} based on various performance targets is given in Table 1, with the reasoning listed below. 

· In order to keep any one of three UEs ready to be scheduled with single-TP transmission of more than two layers, which requires nSCID in DCI to be 0, three UEs should have different x(0). This requirement can be generic for most of other UE not considered in this analysis, therefore the notation of x(0)=
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 is used to indicate the differentiation among TPs.
· In order to support the orthogonal DMRS transmission between any two of UEs in certain TTI as shown in Figure 1, either all three x(0) or all three x(1) should be the same. This is because the big red circles, which represent the orthogonal paring in Figure 1, can only be placed for the two same x(0) or the two same x(1), and we need three big red circles in the picture. Further, because x(0) of three UEs are already decided to be different, the only choice is to keep the x(1) of three UEs to be the same. This conclusion still holds if the DMRS orthogonality is only pursued between every pico and macro, but not between pico TPs.
· In order to support the orthogonal pairing between Rel-11 UE and Rel-10 UE where Rel-10 UE is in either macro-cell or any cell in case of CoMP scenario-4, x(1) should be equal to the legacy cell-ID of the macro cell. 

For the x(n) assignment given in Table 1, the problem arises for UE-3. With x(1) equals to legacy cell-ID, the only way to allow potential orthogonal DMRS for UE3 and a fourth UE in neighbouring macro-cell is to set the common x(0) between macro eNBs. In this case, however, whenever UE3 is scheduled with more than two layers, TP-3(macro) eNB needs to coordinate with neighbouring macro-eNB to ensure value of x(0) is not used in neighbouring macro cell. Even though it is necessary for two macro eNBs to talk to each other to find orthogonal DMRS pairing in between, such communication between eNB sites should be kept less often and on a needed basis. The standard should at least give macro eNB one chance NOT to communicate with each other when the scheduling is just a single-TP SU transmission of more than two layers. Therefore, if value of x(0) is shared by UEs in two macros, macro-eNB may have to use x(1) (which equals to cell-ID) to schedule SU-MIMO that is limited to no more than two layers; if x(0) is not shared, there is no way to support orthogonal paring between two UEs in two macros.  
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Figure 1 Example of single-TP transmission to three UEs by three TPs
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Table 1 Example of x(n) assignments for UEs in Figure 1 (TP-3 is macro)
In summary, we observe that: 

Observation-1: X=x(nSCID) where nSCID is given by DCI may not be able to meet all design requirements listed in section-2. Specifically, with support of coordination with pico UE, the macro-UE may not be able to support dynamic selection between single-TP SU transmission of more than 2 layers and orthogonal pairing with another UE in the neighbouring macro cell. 
Note that PDSCH of more than two-layer is not impossible for the macro UE that locates at cell edge area, with the assistance of RRH locating around cell-edge area but being transparent to UE.  
3.2. Improved solutions for dynamic selection of x(n)

The issue with X=x(nSCID) comes from the fact that, the dynamic selection between SU-MIMO of more than two layers and orthogonal paring between pico and macro consumes both x(0) and x(1), and therefore leaves no room for other X to support orthogonality relationship between two UEs in the neighbouring macro cells.  Correspondingly, it can be solved by one of following two principles: 
· Let dynamic selection between SU-MIMO of more than two layers and orthogonal paring between pico and macro consume only one of {x(0), x(1)} in macro-UE, and leave another to handle the inter-macro-cell orthogonality; or
· Increase room to allow more candidates for X, i.e., to change N=2 to N=4. 

The improving solution can be chosen from following alternatives. 
1) NDI-based solution

Dynamic selection indicator is the NDI bit in DCI. To be more specific, 
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2) Modified nSCID-based solution

Dynamic selection is only based on nSCID bit in DCI, but it is allowed for UEs given the different nSCID bits in DCI to have the same nSCID bit in cinit. One simple solution can be resetting nSCID bit in cinit to zero regardless of nSCID bit in DCI, so that the big red circle in Figure 1 can be placed across x(0) and x(1). 
3) Combining NDI and nSCID 

Dynamic selection is based on both NDI and nSCID bits in DCI to support N=4. In this solution, 
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For the above three alternative solutions, Table 2 shows one example of x(n) assignments for the three UEs in Figure 1 to meet those requirements listed in section 2. It should be noted that 
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 in the table should equal to legacy cell-ID in case of CoMP scenario-3.   
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Table 2 Example of x(n) assignment with improved solutions
3.3. Value of N
Even though Table 2 shows N=2 maybe just-right to satisfy all design targets mentioned in this paper, N=4 does provide additional benefit in the dynamic selection. For example, if one pair of pico UEs pick “x(1)=
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 of macro” for the orthogonal transmission, it may force the macro UE choose x(1) which might be used by some UE in neighbouring macro cell. Then this macro eNB has to communicate with neighbouring macro eNB even if all of its transmissions are within its own cell scope. In other words, the fundamental reason for such inter-macro communication on the scheduling level is not the performance improvement, but comes from the limitation of N=2. So it is beneficial to extend to N=4 and to use additional x(n) to provide pico UEs with “the secondary X that is commonly used by picos”, and to provide macro-UEs with “the secondary X that can support SU MIMO of more than two layers”.  
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Figure 2 DPS example to require N>2
Besides the benefits for N=4 that can better achieve various CoMP design targets, certain CoMP application may also need N>2. Figure 2 shows one CoMP-DPS example in which UE1 is served by three RRHs in three different TTIs, and in each TTI UE1 is orthogonally paired with certain Rel-10 UE.  Then N≥3 is needed for UE1 to include three legacy cell-IDs. 
Proposal 3: We prefer the dynamic selection based on 
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Proposal 4: If N=2 should be adopted, it is proposed to consider dynamic selection based on

· NDI bit in DCI; or 
· nSCID bit in DCI with modification that UEs given the different nSCID bits in DCI can have the same nSCID bit in cinit. The details should be FFS.
4. Value range of x(n) 
To support dynamic MU paring with legacy UE with orthogonal DMRS, at least 0~503 should be included in the range of x(n). On the other hand, to prevent 
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 from overflowing to more than 31 bits, the value of x(n) should be no more than 1637. The remaining problem is whether 504~1637 should be also available to x(n).
With the introduction of UE-specific RRC configuration on X with multiple candidate values, the number of different values on DMRS sequence seed that are needed in the given coverage area is more than in Rel-10, thus the chance of sequence seed collision may increase. Increasing the value range of x(n) can alleviate this problem. In addition, to double or even triple Rel-10 sequence seed capacity provides an easy way to apply new values of x(n) on to existing deployed network. So we prefer to extend the value range of x(n) beyond 503. 

Proposal 5: It is preferred to extend the value range of x(n) beyond 503 and up to 1637. 
5. Conclusion
This contribution is summarized as below.
Proposal-1: The evaluation of dynamic selection solutions should count on their capability in support of following design targets based on one set of RRC-configured {x(n)} .

· Interference randomization among TPs;
· DMRS orthogonality between two TPs;
· DMRS orthogonality between Rel-11 UE and Rel-10 UE.
Proposal-2: The dynamic selection of x(n) is based on information fields provided by Rel-10 DCI. 

Observation-1: X=x(nSCID) where nSCID is given by DCI may not be able to meet all design requirements listed in Proposal-1. Specifically, with support of coordination with pico UE, the macro-UE may not be able to support dynamic selection between single-TP SU transmission of more than 2 layers and orthogonal pairing with another UE in the neighbouring macro cell. 
Proposal 3: We prefer the dynamic selection based on 
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Proposal 4: If N=2 should be adopted, it is proposed to consider dynamic selection based on

· NDI bit in DCI; or 
· nSCID bit in DCI with modification that UEs given the different nSCID bits in DCI can have the same nSCID bit in cinit. The details should be FFS.
Proposal-5: It is preferred to extend the value range of x(n) beyond 503 and up to 1637.
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