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1 Introduction 
The following working assumptions were agreed in RAN1 #68bis for DMRS sequence initialization [1]:
· Two candidate values of X are configured: x(0) and x(1)
· nSCID is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2

· Note that nSCID equals to 0 for the rank larger than 2
Meanwhile, further study is not precluded for the dynamic selection of x(0) or x(1). 
The previous study [2] shows that the dynamic selection based on nSCID only can have some limitations. The system may not be able to simultaneously support the DMRS orthogonality between Rel-11 UE in macro-cell and legacy UE, and the DMRS orthogonality between Rel-11 UEs in two neighboring macro-cells. This contribution continues to address this issue based on the above outlined working assumptions.      
2 Review of limitations on nSCID-based dynamic selection
If the dynamic selection is indicated by nSCID only, due to the fact that nSCID is fixed to 0 for rank>2, x(nSCID=0) should carry the X candidate that supports the interference randomization, which means x(0) should not be the same across different TPs. Then, the DMRS orthogonality across TPs has to rely on x(1) because the orthogonality between two UEs requires both UEs select the same X and the same nSCID. Further, in order to support the DMRS orthogonality with Rel-10 UE within the macro-cell, x(1) should be equal to legacy cell-ID of macro-cell. Such example of X assignments is given in Table 1 with the corresponding UEs shown in Figure 1, where the UE-1 and UE-2 are respectively served by pico-1 and pico-2 in macro-1, and UE-3 and UE-4 are served by macro-1 and macro-2 respectively. It can be seen from Table 1 that it is impossible to build up DMRS orthogonality between two macro UEs, UE-3 and UE-4, since none of their x(0) or x(1) are equal. 
Comments were raised in RAN1 #68bis that the DMRS orthogonality with Rel-10 UE can be somehow sacrificed to untie the x(1) from legacy cell-ID of macro, so that x(1) can be the same across two neighbouring macro-cells. However, this solution would require two macro-eNBs communicate with each other even when the DMRS orthogonality is needed just inside each macro but not across macro cells. This can be a big negative complexity in the operation of dynamic selection of DMRS sequence. What’s more, we believe the support of orthogonality with Rel-10 UE is important, especially during the initial deployment phase of Rel-11. 
We also do not agree on the comments that the inter-macro DMRS orthogonality is not important. Channel estimation quality based on DMRS has great impact to the PDSCH performance. If the dynamic selection of DMRS sequence is designed for improvement of DMRS estimation, there is no reason to limit such improvement to non-edge UEs, but leave the improvement to macro-edge-UE more difficult.   
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Figure 1 Example of single-TP transmission to four UEs by two pico-TPs and two macro-TPs
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Table 1 Example of x(n) assignments for four UEs
3 Improvements to nSCID-based dynamic selection
The issue listed above for the nSCID-based dynamic selection comes from following two reasons, and will be solvable if any of these two reasons does not exist.  

a) The macro-UE (UE-3) has to reserve x(0) for higher-rank PDSCH transmission, which implicitly results in nSCID=0.  

b) The macro-UE (UE-3) has to reserve x(1) for support of DMRS orthogonality with UEs served by other TPs in the same macro, due to the one-to-one mapping between index of x(n) and nSCID in cinit, which prohibits the DMRS orthogonality between two UEs that uses the same value of X but different nSCID. 

One solution to attack reason a) is to keep it configurable for which candidate of X to support interference randomization in case of higher rank. To be more specific, additional one-bit RRC signalling should be introduced to indicate whether x(0) or x(1) is chosen as X when rank>2. Take example of the analysis in section-2, this RRC signalling bit can indicate X=x(1) for higher rank transmission, so x(0) can be available to support inter-macro coordination. 
Solution-1: 
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 is one bit UE-specific RRC signaling.  
There can be multiple solutions to remove reason b), i.e., to break the one-to-one mapping between index of x(n) and nSCID in cinit. 
1) One of the solutions, as proposed in [2], is to reset nSCID in cinit to zero whenever supporting the dynamic selection between two different X candidates, so the DMRS orthogonality is no longer guarded by nSCID and therefore is easier to accomplish across TPs. Meanwhile, in order to allow the network fall back to utilizing Rel-10 DMRS sequences, nSCID in cinit can freely select between 0 and 1 as permitted by DCI if the two X candidates are configured to be the same.  
Solution-2: 
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2) Another solution is to add an offset between the index of x(n) and the least significant bit of cinit. This additional offset parameter should be independent from nSCID and updatable as fast as nSCID. The NDI bit that is reserved in DCI well fits the need. 
Solution-3: 
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 where X=x((nSCID+nNDI) mod 2) and 
[image: image17.wmf]î

í

ì

=

codeword

 

two

0

codeword

 

one

bit

 

NDI

 

reserved

NDI

n


The comparisons among these three solutions are given in Table 2.

	
	Solution-1
	Solution-2
	Solution-3

	Maximum number of <X,nSCID> combinations
	3
	2
	4

	Additional signaling
	1-bit RRC
	None
	None

	Support dynamic selection when rank>2
	No, only semi-static selection supported.
	No.
	Yes, but only for one codeword case. 


Table 2 Comparison of three solutions
4 Conclusion
This contribution proposes that:

Proposal: To choose any of following three solutions for PDSCH DMRS sequence initialization given by 
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· Solution-1:
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· Solution-2:
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· Solution-3: X=x((nSCID+nNDI) mod 2), where 
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