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1. Introduction
In RAN1 session #69, there was discussion on how to indicate PRB-pairs for ePDCCH and the related issues of multiplexing ePDCCH and PDSCH in one RBG.  Two methods are proposed – 1) RRC signaling; 2) ePCFICH.  But there is no consensus yet and the following points are concluded as the basis for further discussion.

· Continue study/discussion on need for indicating dynamically to the UEs the PRB pairs the UEs should assume to be used for ePDCCH, and if needed, how to perform the indication (e.g. ePCFICH (how many bits needed?), DM-RS signature, …)

· Consider impact on PDSCH resource allocation, ePDCCH blocking probability, blind decodings, location of candidates comprising the search space, other factors that companies believe are relevant.

· Consider both localised and distributed ePDCCH transmission
This paper provides our views on the related issues.


2. Discussion
2.1   PRB-pair indication for ePDCCH
Till RAN1 session #69, there are two main proposals for the indication of ePDCCH PRB-pairs.  The first method is to indicate the PRB-pairs reserved for ePDCCH by RRC signaling; the second method is to indicate them by ePCFICH.   
The first method is semi-static signaling so eNB has to reserve a fixed number of PRB-pairs for ePDCCH, which may be the maximal number of PRB-pairs ePDCCH possibly occupies, to guarantee there will be enough control capacity for scheduling during a period of time.  If fewer UEs have scheduling in a subframe, the unused ePDCCH resources will be wasted in this method.  However, it introduces less signaling overhead with high reliability.  The second method is dynamic signaling so eNB can dynamically adjust the PRB-pairs reserved for ePDCCH subframe by subframe.  Compared to the first method, there is much less wasted ePDCCH resources but it introduces larger signaling overhead and possible error propagation to the indicated ePDCCH.
To resolve the issues of excess signaling overhead and error propagation, some companies proposed to signal only the number of PRB-pairs reserved for ePDCCH for this subframe by 2-bit ePCFICH [1][2].  This largely reduces the concerns about the excess signaling overhead and its reliability in the second method though the location of PRB-pairs reserved for ePDCCH may still need to be signaled by RRC.  Resource utilization efficiency is another merit for this method.
For comparison, a simple simulation is conducted with the simulation assumptions shown in Table 1.  For distributed ePDCCH, PRB-pairs reserved for ePDCCH are grouped into two clusters with enough frequency separation if the diversity order considered is two.  Four methods are compared for both localized and distributed ePDCCH.  The simulation is carried out in a period of 1000 subframes and the simulation results are shown in Table 2.
Alt. 1: 2-bit signaling by ePCFICH with no multiplexing of ePDCCH and PDSCH in an RBG

Alt. 2: 2-bit signaling by ePCFICH with the support of multiplexing ePDCCH and PDSCH in an RBG
Alt. 3: RRC-layer signaling with no multiplexing of ePDCCH and PDSCH in an RBG
Alt. 4: RRC-layer signaling with the support of multiplexing ePDCCH and PDSCH in an RBG
Table 1  Simulation Assumptions

	Channel Bandwidth
	50 PRBs (10 MHz)

	RBG Size
	3 PRBs

	Number eCCEs in one PRB-pair
	4 eCCEs

	ePDCCH Format
	1 eCCE
	2 eCCE
	4 eCCE
	8 eCCE

	Probability
	55.72%
	28.66%
	12.33%
	3.29%


Table 2  Performance Comparison
	 
	5 ePDCCHs
	10 ePDCCHs
	15 ePDCCHs
	20 ePDCCHs

	Average Number of eCCEs
	9.6
	18.7
	28.51
	38.1

	Average Number of eCCEs 
(integer number of eCCEs)
	10
	19
	29
	39

	Maximal Number of eCCEs
	27
	41
	48
	66

	Alt. 1
	Number of PRB-pairs
(Localized ePDCCH)
	3
	6
	9
	12

	
	Wasted Radio Resources (%)
	1.0%
	2.5%
	3.5%
	4.5%

	
	Number of PRB-pairs
(Distributed ePDCCH)
	6 (3x2)
	6 (3x2)
	12 (6x2)
	12 (6x2)

	
	Wasted Radio Resources (%)
	7.0%
	2.5%
	9.5%
	4.5%

	Alt. 2
	Number of PRB-pairs
(Localized ePDCCH)
	4
	6
	8
	10

	
	Wasted Radio Resources (%)
	3.0%
	2.5%
	1.5%
	0.5%

	
	Number of PRB-pairs
(Distributed ePDCCH)
	4 (2x2)
	6 (3x2)
	8 (4x2)
	10 (5x2)

	
	Wasted Radio Resources (%) 
	3.0%
	2.5%
	1.5%
	0.5%

	Alt. 3
	Number of PRB-pairs
(Localized ePDCCH)
	9
	12
	12
	18

	
	Wasted Radio Resources (%)
	13.0%
	14.5%
	9.5%
	16.5%

	
	Number of PRB-pairs
(Distributed ePDCCH)
	12 (6x2)
	12 (6x2)
	12 (6x2)
	18 (9x2)

	
	Wasted Radio Resources (%)
	19.0%
	14.5%
	9.5%
	16.5%

	Alt. 4
	Number of PRB-pairs
(Localized ePDCCH)
	3
	5
	8
	10

	
	Wasted Radio Resources (%)
	1.0%
	0.5%
	1.5%
	0.5%

	
	Number of PRB-pairs
(Distributed ePDCCH)
	4 (2x2)
	6 (3x2)
	8 (4x2)
	10 (5x2)

	
	Wasted Radio Resources (%)
	3.0%
	2.5%
	1.5%
	0.5%


From the results, Alt. 3 has the largest percentage of wated radio resources, ranging from 9.5~19.0% while Alt. 1 has a smaller percentage of wasted radio resources, rangind from 1.0~9.5%.  However, when multiplexing ePDCCH and PDSCH in one RBG is supported, there is no big difference between Alt. 2 and Alt. 4 and the percentage of wasted radio resources in both methods ranges from 0.5~3.0% only.  Thus, whether to support multiplexing ePDCCH and PDSCH in one RBG is actually the key to affect the resource utilization efficiency.  Since common search is not supported in Release 11, we don’t see the needs or true benefits to support ePCFICH.  Compared to ePCFICH, supporting multiplexing ePDCCH and PDSCH in one RBG brings more benefits for the resource utilization efficiency.  Therefore, we have the following proposals.
Proposal #1:  In Release 11, ePCFICH is not supported and PRB-pair indication is done by RRC-layer signaling for both distributed and localized transmission of ePDCCH.

Proposal #2:  In Release 11, the multiplexing of ePDCCH and PDSCH in one RBG should be supported in both distributed and localized transmission of ePDCCH.
2.2   Multiplexing of ePDCCH and PDSCH in one RBG
Due to different radio resource assignment granularity (PRB-pair is used in ePDCCH; RBG is used in PDSCH for both resource allocation type 0 and 1), whether to allow PDSCH to be transmitted in the RBG where at least one PRB-pair is used for ePDCCH transmission becomes an important issue to further enhance the resource utilization efficiency.  From Table 2, we can see there is large wasted radio resources if the multiplexing of ePDCCH and PDSCH in one RBG is not supported.  The main problem of this issue is how to let UE know which PRB-pairs in an RBG can be used for PDSCH transmission when there is ePDCCH transmission in the RBG.  Two WFs [3][4] aim to resolve this problem in last meeting and none of them was agreed during the email discussion.
In fact, the solution can be considered in four cases – 1) self DL scheduler for an UE; 2) self UL grant of an UE; 3) DL schedulers of other UEs; 4) UL grants of other UEs.  For self DL scheduler of an UE, there won’t be any problem no matter whether it is detected.  If it is detected, UE is able to know which PRB-pairs can be used for PDSCH transmission.  If not, UE has already lost the DL packet in this subframe and there is no need to know where is allowed for PDSCH transmission.  For self UL grant of an UE, there won’t be a problem if it is detected.  If it is not detected, UE may not be able to determine where is allowed for PDSCH transmission correctly.  Since the support of multiplexing ePDCCH and PDSCH in one PRB-pair was not agreed in previous meetings, UE only has to determine whether PDSCH transmission is allowed per PRB-pair basis.  Therefore, one possible solution is that self UL grant will be transmitted only in PRB-pairs where there is self DL scheduler transmission when there is PDSCH transmission corresponding to the DL scheduler in the RBG.  For other UE’s DL schedulers and UL grants, they are anyway not able to be detected but the same solution can be applied.  In other words, the available PRB-pairs for PDSCH transmission in an RBG where there is ePDCCH transmission is determined by the mutually orthogonal set of PRB-pairs occupied by its corresponding DL scheduler in the RBG and other DL schedulers and UL grants can be transmitted in the same set of PRB-pairs.  Figure 1 gives an example illustration.
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Figure 1  Example illustration of multiplexing ePDCCH and PDSCH in one RBG

Proposal #3:  eNB shall guarantee UE to make the assumption that the available PRB-pairs for PDSCH transmission in an RBG where there is ePDCCH transmission is determined by the mutually orthogonal set of PRB-pairs occupied by the corresponding DL scheduler in the RBG when DL resource allocation type 0 and 1 are applied.
Proposal #4:  The remaining resources in the PRB-pair(s) where there is a DL scheduler with the corresponding PDSCH transmission in the same RBG can be utilized for other ePDCCH transmission(s).


3. Conclusion

In this paper, we provide our views on the indication of ePDCCH PRB-pairs and the support of multiplexing ePDCCH and PDSCH in one RBG.  The proposals are concluded as follows.
Proposal #1:  In Release 11, ePCFICH is not supported and PRB-pair indication is done by RRC-layer signaling for both distributed and localized transmission of ePDCCH.

Proposal #2:  In Release 11, the multiplexing of ePDCCH and PDSCH in one RBG should be supported in both distributed and localized transmission of ePDCCH.
Proposal #3:  eNB shall guarantee UE to make the assumption that the available PRB-pairs for PDSCH transmission in an RBG where there is ePDCCH transmission is determined by the mutually orthogonal set of PRB-pairs occupied by the corresponding DL scheduler in the RBG when DL resource allocation type 0 and 1 are applied.
Proposal #4:  The remaining resources in the PRB-pair(s) where there is a DL scheduler with corresponding PDSCH transmission in the same RBG can be utilized for other ePDCCH transmission(s).
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