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1. Introduction

In RAN1 #68bis, we made agreement that ‘the same scrambling sequence generator is used for ePDCCH DM-RS as PDSCH DM-RS’ and we made an working assumption as

Working assumption:

· The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by

[image: image1.emf]
- Details of nSCID and X is FFS

In case of PDSCH DM RS, we expect performance enhancement for the dynamic selection of c_init in various scenarios, and schemes supporting dynamic selection without any additional DCI overhead have been discussed. Considering DL CoMP, we would need to support UE specific configuration of ePDCCH DM RS sequence, and we may need to discuss whether the dynamic configuration or semi-static configuration would be better for the initialization of ePDCCH DM RS sequence. In this contribution, we discuss the benefits and loss provided by dynamic configuration of nSCID and X for ePDCCH.
2. ePDCCH DM RS sequence configuration  
UE specific sequence configuration for ePDCCH DM RS 

To increase DM RS capacity and to guarantee orthogonality between CoMP UE’s DM RS sequence and other UE’s DM RS sequence, UE specific DM RS sequence initialization is agreed. In Rel-11 DL CoMP, network can change PDSCH transmitter for each UE without hand over process, and the transmitters composing CoMP set can have different PCIs. When a switching of PDSCH transmitter happens among the transmitters having different PCIs, to guarantee the orthogonality between the DM RS sequence of CoMP UE and the sequence of other UEs, the network should change CoMP UE’s base sequence of PDSCH DM RS to be the same as other UE’s base sequence of PDSCH DM RS. Thus, the base sequence of Rel-11 UE’s PDSCH DM RS should be configurable in UE specific manner, and the dynamic switching/change of PDSCH DM RS sequence would be required to support dynamic CoMP. 
Just by the same reason, we would need to support UE specific configuration of ePDCCH DM RS sequence. To achieve better resource management or to guarantee robust transmission of downlink control channel, Rel-11 support localized/distributed ePDCCH transmission, and for the localized ePDCCH transmission, DL CoMP schemes can be used to obtain further performance enhancement. Figure 1 shows an example of localized ePDCCH transmission where the DL CoMP operation is applied for UE1’s DCI. As shown in figure 1, even for the DCIs mapped on the different eCCEs, the same REs can be used for ePDCCH DM RS, and the orthogonality between the DM RS ports would not be guaranteed if different value of nSCID or X are used for DM RS sequences generation. Thus, UE specific configuration of ePDCCH DM RS sequence would be preferable at least for localized ePDCCH transmission.
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Figure 1. DL CoMP operation for localized ePDCCH transmission.
Observation 1: UE specific configuration of ePDCCH DM RS sequence should be supported 

Dynamic selection for DM RS sequence of ePDCCH
In RAN1 #68bis, to support ePDCCH multiplexing, we agreed that the DM RS port for DCI depends on the physical resources used for ePDCCH transmission, or it would be determined for each UE. If the ports are determined according to the physical resources used for ePDCCH transmission, UE would expect that different DM RS ports are used at each search space, and the UE is required to perform DM RS based channel compensation for each search space separately. Table 1 is an example of DM RS port configuration for each UE. Assuming that the configuration of table 1 is applied for the environment of figure 1, if the same base sequence is used for each DM RS port and the sequences are known to the UE, UE0 would find that DM RS port 7 and 8 are used in this PRB pair. UE0 performs channel compensation for eCCE1 with DM RS port 8, and UE0 performs channel compensation for eCCE3 with DM RS port 7. After blind detection, UE0 obtains DCI on eCCE3. 

If the dynamic CoMP is supported for ePDCCH with dynamic selection of ePDCCH DM RS sequence, due to the non-perfect orthogonality between DM RS ports, UE0 and UE1 would be suffered by the interference and the channel estimation accuracy for ePDCCH would be reduced. In narrow band ePDCCH transmission, the performance degradation on channel estimation can cause severe performance degradation, and the network would be restricted not to allow CoMP UE’s ePDCCH on the same PRB pair with other UE’s ePDCCH. 

Table 1. Example of DM RS port mapping for aggregation level 1 DCI 
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Not to restrict ePDCCH resource configuration, the dynamic selection of ePDCCH DM RS sequence should be considered. If we support dynamic selection of ePDCCH DM RS sequence, UE can recognize the sequence by one of the following methods 

1. ePDCCH DM RS sequence can be dynamically changed, and UE detect the DM RS sequence by searching all the possible sequences 

2. ePDCCH DM RS sequence is linked with other UE specific parameter.
With the first alternative, due to the short DM RS sequence, UE can misunderstand the DM RS sequence, and the misunderstanding can cause ePDCCH detection failure. For example, assuming that both UE0 and UE1 can receive either DM RS based sequence S0 or S1, when S0 is configured for UE0 and S1 is used for UE1, in low SINR, due to the interference and noise, UE0 can have misunderstanding that S1 is used for its ePDCCH transmission. Misunderstanding on DM RS sequence definitely leads wrong CSI, and UE0 will fail to receive ePDCCH. To prevent such a failure, UE should perform channel estimation, channel compensation and blind detection on each search space with all the possible DM RS sequences. Thus, blind detection complexity should be increased. 

To avoid the uncertainty on UE side, DM RS sequence should be informed before UE receives ePDCCH, and the information can be acquired by UE by explicit signal or by implicit indication. Considering the signaling overhead, we would better use implicit signaling, and the implicit signaling can be applied by configuring a linkage between the parameter(s) defining ePDCCH DM RS sequence and other UE specific parameter(s). Comparing DL CoMP operation for PDSCH and the oprtation for ePDCCH, we can find similarities between PDSCH CoMP and CoMP for localized ePDCCH, and preferred transmitter for PDSCH would be the same as the preferred transmitter for localized ePDCCH. Thus, we expect that ePDCCH DM RS sequence can be linked with PDSCH DM RS sequence. 
The initialization parameter 
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 for PDSCH DM RS sequence would be determined by two parameters  
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. In Rel-10, to support UE separation by PN sequence, UE specific dynamic signaling of 
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 is supported. In Rel-11 downlink CoMP for PDSCH, since multiple base sequence can be supported without 
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, the utilization of 
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 is FFS. Considering ePDCCH CoMP in Rel-11, since the length of DM RS sequence is quite short, as shown in the previous sub-section, DCI separation by 
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 would not be proper. Thus, we expect that 
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 should be fixed, and 
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 could be linked with 
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Proposal 1: The value of 
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 for ePDCCH DM RS generation should be fixed for all the UEs.

For the initialization of PDSCH DM RS sequence, multiple sets for the values of 
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 would be delivered by RRC and in dynamic selection of PDSCH DM RS sequence, one of the set would be selected by DCI. When the values of 
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 switched by DCI are delivered by ePDCCH, while PDSCH DM RS sequence could be generated according to the new values, ePDCCH DM RS sequence should be generated according to the previous values. In other words, the value of 
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 in subframe (n) would be linked or determined by the value of 
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 in subframe (n-t) where t is larger than 0. 
Proposal 2: The initialization value 
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 for PDSCH DM RS on subframe (n-t) will be applied for the initialization of ePDCCH DM RS on subframes later than subframe (n).
3. Conclusion  
To guarantee the accuracy for ePDCCH channel estimation, ePDCCH DM RS ports mapped on the same PRB pair should be configured to be generated by the same 
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 value. Considering DL CoMP operation for ePDCCH, the initialization parameters for ePDCCH DM RS sequence should be configured in UE specific manner, and the values should be informed before the UE receives ePDCCH. The parameter 
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 and 
[image: image23.wmf]SCID

n

 which initializing ePDCCh DM RS sequence would be determined by following proposals.
Proposal 1: The value of 
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 for ePDCCH DM RS generation should be fixed for all the UEs.

Proposal 2: The initialization value 
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 for PDSCH DM RS on subframe (n-t) will be applied for the initialization of ePDCCH DM RS on subframes later them subframe (n).
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