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1. Introduction

In RAN1 #68 meeting, we achieve the following conclusion as
· Email discussion before RAN1#68bis (Ericsson) 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.
There are two alternatives as follows.
Alt 1: 

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.
· NIDBSI (0 to 503) and DSSBSI  substitute NIDCell and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)
· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
Alt 2: 
· A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping.
In this contribution we first clarify the differences between the two alternatives and discuss whether the two alternatives are effective in UL CoMP.
2. Differences between Alt1 and Alt2
In Rel. 10, the DM-RS sequence of each cell is determined by the base sequence index (BSI) and cyclic shift (CS). For two sequences with the same BSI but different CS, the two sequences are orthogonal. All the base sequences falls into 30 groups, and thus a BSI is determined by two parameters as group index (u) and sequence index (v) within one group. In Rel 10. the group index (u) is determined according to group hopping as the following equation. 
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The group hopping pattern 
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where the pseudo-random sequence 
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 at the beginning of each radio frame. The sequence-shift pattern 
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 is configured by higher layer. 
On the other hand, the sequence index (v) is determined according to the sequence hopping as follows.
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where the pseudo-random sequence  
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 at the beginning of each radio frame.
Finally, the CS is also affected by CS hopping parameter 
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[image: image13.wmf]å

=

×

+

×

=

7

0

s

UL

symb

s

PN

2

)

8

(

)

(

i

i

i

n

N

c

n

n

                                                                           (4)
where the pseudo-random sequence  
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 at the beginning of each radio frame.
Based on the above definition for Rel. 10 UL DM-RS, we understand the Alt1 is to use NIDBSI and DSSBSI to replace the 
[image: image16.wmf]cell

ID

N

 and 
[image: image17.wmf]ss

D

 to determine the BSI. Due to the cinit in 
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 initialization is also replaced by cinitCSH and all the three parameters can be configured independently, both the BSI and CSH can be configured separately. For Alt 2, it is propose to use a virtual cell ID to replace the 
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Observation: In our understanding, the difference between Alt 1 and Alt 2 is the BSH and CSI can be independently configured in Alt 1 but follow the same configuration in Alt 2.
3. Configurations of the two alternatives
Figure 1 depicts two TPs (A’ and B’) and three UEs (A, B and C), the UE A and C are attached to TP A’ while the UE B is attached to TP B’ (i.e. serving TP). 
Considering CoMP scenario 3 and UL, the UEs A and B are transmitting to both TPs A’ and B’ with different CIDs. For this case, if cell splitting gain is exploited which means UE A would be scheduled in the same PRB with UE B, both UEs shall be paired for UL MU-MIMO. However, due to the CID of TP A’ and TP B’ are different, by Rel. 10 configuration both the BSI and CSH of UEs A and B are different, and thus UEs A and B cannot be paired for UL MU-MIMO. 
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Figure 1: Two TPs and three UEs, UEs A and B are CoMP UEs.
For the case where UE A is Rel. 11 UE but UE B is legacy UE and Alt 1 is adopted, we can configure UE A with the same BSI as UE B but with different CSH as UE B. Since the BSI is the same but the CSHs are different, the DM-RS sequences of UEs A and B can be orthogonal with high probability. Furthermore, the two UEs A and B can be paired for UL MU-MIMO. By this configuration, there would not be any interference on UEs either attached to TP A’ or attached to TP B’, since the PRB utilized by UEs A and B shall be different from the PRBs utilized by other UEs under the TPs A and B. On the other hand, if Alt 2 is adopted, due to the UE A shall also be configured with the same BSI as UE B for UL MU-MIMO, the UE A shall be configured with a virtual CID which is the same as the CID of TP B’. It implies both the BSI and CSH of UEs A and B are the same, and still could be paired for UL MU-MIMO. Again, due to the PRB utilized by UEs A and B shall be different from the PRBs utilized by other UEs under the TPs A and B, although the BSI utilized by UE A is different from other UEs in TP A’, there shall not be any interference induced.
For the case where both UE A and UE B are Rel. 11 UEs, and Alt 1 is adopted, we can just follow the approach when one of the UEs is Rel. 11 UE as to configure UE A to use the same BSI as UE B. According to the above analysis, both Alts work well for this case.
Observation: In scenario 3, both Alt 1 and Alt 2 form UL MU-MIMO without introduce interference.
Come back to figure 1 and now consider CoMP scenario 4, the UEs A and B are transmitting to both TPs A’ and B’ with the same CIDs. For this case, if area splitting gain is exploited which means UE A would be scheduled in the same PRB with UE B, both UEs shall be paired for UL MU-MIMO. Due to the CID of TP A’ and TP B’ are the same, by Rel. 10 configuration both the BSI and CSH of UEs A and B are the same and thus UEs A and B can be paired for UL MU-MIMO. 
Observation: In scenario 4, it seems Rel. 10 configuration is sufficient.
4. Conclusion
From the functionality point of view, both Alt 1 and Alt 2 work equally well. Considering that Alt 1 is more flexible than Alt2 due to the BSI and CSH can be configured separately, it seems Alt 1 is a better  choice even its signal overhead is slightly higher than Alt 2.
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