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1 Introduction
At the RAN1 #68-bis meeting, RAN1 concluded the following agreement and work assumption on the demodulation reference signal (DMRS) for ePDCCH transmission:
· Agreement

· The same scrambling sequence generator is used for ePDCCH DMRS as PDSCH DMRS

· Work Assumption

· The scrambling sequence generator of DMRS for ePDCCH on ports 7~10 is initialized by
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· Details of nSCID and X is FFS
This contribution focuses on the remaining aspects of DMRS for ePDCCH, i.e., details of X and nSCID, gives our view on the above-mentioned issue.
2 Details of X
Although dynamic point selection (DPS) for ePDCCH transmission has not yet been discussed, we describe the details of X for two different scenarios, ePDCCH transmission w/o DPS and ePDCCH transmission w/ DPS. An example of a use case of ePDCCH transmission w/ DPS is illustrated in subsection 2.2.
2.1 Scenario 1: ePDCCH transmission w/o DPS

   Firstly, we analyse the message exchange and ePDCCH/PDSCH processing procedures in CoMP scenario 4. In Fig.1, it is assumed that all TPs shared the same cell ID and resource allocation processing is centralized into TP0 (Macro eNB). The CoMP coordinating set is assumed to include TP0, TP1, TP2 and TP3.
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Fig.1 Example of CoMP scenario 4
   For UE A in Fig.1, an example of message exchange and ePDCCH/PDSCH processing procedures is summarized in Fig.2. Additionally, for simplicity without loss of generality, non-zero power CSI-RS configuration for each TP is assumed to have different values of parameter Y in the following equation to derive CSI-RS scrambling initialization (for example, y0, y1, y2, y3 for TP0, TP1, TP2 and TP3, respectively).
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  In the remainder of this contribution, the values of parameter Y, i.e., y0, y1, y2 and y3 are used to present different CSI-RS configurations for different TPs. Other items in the CSI-RS configuration, such as AntennaPorts, CountResourceConfig, SubframeConfig and Pc are not related to the details of X, therefore they are ignored in this contribution.
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Fig.2 Example of message exchange and ePDCCH/PDSCH processing procedures for UE A in Fig.1

The details of each step are summarized as follows:
(1) TP0 (Macro eNB) determines the CoMP resource management set for UE A, and then informs UE A of the CoMP resource management set by higher layer signalling. Here, the CoMP resource management set for UE A is assumed to include CSI-RS configurations y0, y1 and y2.
(2) UE A reports CSI-RS-based RSRP for all CSI-RS configurations y0, y1 and y2 to TP0 (Macro eNB).

(3) Based on the RSRP reports from UE A, TP0 (Macro eNB) determines the CoMP measurement set for UE A, and then informs UE A of the CoMP measurement set by higher layer signalling. Here, the CoMP resource management set for UE A is assumed to include CSI-RS configurations y1 and y2.

(4) UE A reports the CSI measurement results of CSI-RS configurations y1 and y2 to TP0 (Macro eNB).

(5) TP0 (Macro eNB) determines CSI-RS configuration for UE A’s ePDCCH transmission from CSI-RS configurations y1 and y2, and informs UE A of the ePDCCH region of the determined CSI-RS configuration by higher layer signalling. Here, the determined CSI-RS configuration for UE A’s ePDCCH transmission is assumed to be y1. 
(6) TP0 (Macro eNB) executes resource allocation for UE A’s ePDCCH. Moreover, TP0 (Macro eNB) determines CSI-RS configuration for UE A’s PDSCH transmission from CSI-RS configurations y1 and y2, and executes resource allocation for UE A’s PDSCH. Here, the determined CSI-RS configuration for UE A’s PDSCH transmission is assumed to be TP2. (In general, PDSCH DMRS parameters x(0) and x(1) and ePDCCH DMRS parameter X are determined independently. Because this contribution focuses on ePDCCH DMRS, therefore determination and message exchange related to PDSCH DMRS parameters x(0) and x(1) are  not shown in Fig.2.)
(7) TP0 (Macro eNB) informs TP1 of the resource allocation result of UE A’s ePDCCH while TP0 (Macro eNB) informs TP2 of the resource allocation result of UE A’s PDSCH.
(8) TP1 transmits ePDCCH while TP2 transmits PDSCH to UE A.
(9) UE A executes ePDCCH blind decoding. If the ePDCCH blind decoding is successful, UE A executes the PDSCH decoding based on DCI included in ePDCCH.
Note that steps (6)-(9) will be processed for UE A subframe by subframe.

It is evident that in step (5), if TP0 (Macro eNB) determines parameter X for ePDCCH DMRS equal to the parameter Y which used to derive scrambling initialization for the determined CSI-RS configuration for ePDCCH transmission, an additional signalling to inform UE of the parameter X of ePDCCH DMRS is not necessary. 
Proposal 1. Determine parameter X in the scrambling sequence generator for ePDCCH DMRS equal to the parameter Y which used to derive scrambling initialization for the determined CSI-RS configuration for ePDCCH transmission.
Moreover, in order to reduce the blind decoding scale in UE A, the parameter Y and ePDCCH region of the determined CSI-RS configuration for ePDCCH transmission (e.g., y1 for UE A) is proposed to be included in the higher layer signalling in step (5).
Proposal 2. Both parameter Y and the ePDCCH region of the determined CSI-RS configuration for ePDCCH transmission are included in one higher layer signalling.
2.2  Scenario 2: ePDCCH transmission w/ DPS 
In some unbalanced traffic load scenarios, which are shown in Fig.3, PDSCH transmission w/ DPS in LTE Rel-11 is an effective method for balancing the traffic load between different TPs. 

[image: image3.emf]TP0

TP1

TP2

TP3


Fig. 3 Example of CoMP scenario 4 with unbalanced traffic load 
In Fig.3, traffic load is unbalanced between TP1 and TP2. In order to support dynamic traffic offload from TP2 to TP1, some TP2’s UEs near to TP1 can be configured to transmit/receive PDSCH from TP1, i.e., PDSCH transmission w/ DPS. 
In the ePDCCH transmission w/o DPS scenario, ePDCCH transmissions for such PDSCH transmission w/ DPS UEs are assumed to be fixed to TP2. In such an unbalanced traffic load case, ePDCCH and PDSCH regions in TP2 are considered to be configured as follows:

Alt1. Configure a large PDSCH region to meet a high traffic load. It results in a relatively small ePDCCH region and makes some PDSCH transmissions fail in their DPS operation due to the bottleneck of TP2’s ePDCCH capacity. 
Alt2. Configure a large ePDCCH region to meet the ePDCCH capacity requirement. It results in a relatively small PDSCH region, makes more PDSCH transmissions (perhaps including some UEs who are far from TP1) in DPS operation and degrades system throughput performance. 

For this issue, ePDCCH transmission w/ DPS seems a reasonable solution.

Proposal 3. ePDCCH transmission w/ DPS should be further studied.
In the ePDCCH transmission w/ DPS scenario, the message exchange and ePDCCH/PDSCH processing procedures are almost the same as those summarized in Fig.2. Some minor differences are summarized as follows:

(1) Extension of higher layer signaling in step (5)

In the ePDCCH transmission w/ DPS scenario, TP0 (Macro eNB) does not need to determine CSI-RS configuration for ePDCCH transmission. On the other hand, the parameters Y and the ePDCCH regions of the CSI-RS configurations included in the CoMP measurement set are assumed to be informed to UE A by the higher layer signalling in step (5).

(2) Extension of CSI-RS configuration for blind decoding in step (9)

Because UE cannot know which CSI-RS configuration is used for ePDCCH blind decoding in advance when multiple parameters Y and ePDCCH regions are informed by the higher layer signalling, UE should execute blind decoding for multiple CSI-RS configuration. This results in a large scale ePDCCH blind decoding.
The pros/cons of ePDCCH transmission w/ DPS and ePDCCH transmission w/o DPS are summarized in Table 1.
Table 1 Pros/cons of ePDCCH transmission w/ DPS and ePDCCH transmission w/o DPS
	
	ePDCCH transmission w/ DPS
	ePDCCH transmission w/o DPS

	Pros
	Support traffic offload under unbalanced traffic load scenarios
	Small scale ePDCCH blind decoding

	Cons
	Large scale ePDCCH blind decoding 
	PDSCH transmissions fail in their DPS operation due to the bottleneck of ePDCCH capacity.


3 Details of nSCID

   As analyzed in [1], UE cannot know the value of nSCID in advance. Therefore we prefer to predefine a fixed nSCID for ePDCCH DMRS.
Proposal 4. Predefine a fixed nSCID (for example 0) for ePDCCH DMRS.
4 Conclusions
 In this contribution, we presented our views on the remaining aspects of DMRS for ePDCCH, i.e., details of X and nSCID.
Proposal 1. Determine parameter X in the scrambling sequence generator for ePDCCH DMRS equal to the parameter Y which used to derive scrambling initialization for the determined CSI-RS configuration for ePDCCH transmission.
Proposal 2. Both parameter Y and the ePDCCH region of the determined CSI-RS configuration for ePDCCH transmission are included in one higher layer signalling.
Proposal 3. ePDCCH transmission w/ DPS should be further studied.
Proposal 4. Predefine a fixed nSCID (for example 0) for ePDCCH DMRS.
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