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1. Introduction

At the RAN1 #68 meeting, some companies showed their interests in defining CSS on E-PDCCH(eCSS) [1][2][3][4][5]. Some progress was made regarding this topic, especially on the claimed pros/cons as indicated hereafter.
	Pros of CSS on ePDCCH
	Cons of CSS on ePDCCH

	Het Net (if ABS is not configured?)
	Duplication of overhead

	Increased CSS capacity
	Need for fallback during reconfigurations (could equally well be handled by ePDCCH)

	Coverage extension for CSS
	Complexity (specifications / UE implementation)

	Reduced CRS-based channel estimation
	 

	New scenarios e.g. low BW MTC devices
	 


In order to investigate the pains and gains thoroughly, email discussion was kicked off to clarify its potential requirements, relevant scenarios and to aim for consensus whether eCSS needs to be supported. 
Besides, transmission manners of the E-PDCCH i.e. localized and/or distributed transmission were also intensively discussed in last meeting and a new definition of distributed transmission was agreed to be involving transmission of a DCI message in more than one PRB-pair.
In this contribution, we would like to share our views on eCSS and transmission manners of the  E-PDCCH.
2. Common search space on E-PDCCH
In RAN1 #68 meeting as well as email discussion, a consensus has been gotten that eCSS could benefit the UEs in HetNet scenario in receiving important broadcast information through the E-PDCCH from a nearby lower power node, especially when cell range expansion is used where the interference to common DCIs is foreseen either from the PDCCH or CRS of a macro cell. However, the performance gain highly depends on bias value, i.e. insufficient gain will be observed if low/medium bias value is used in HetNet eICIC.

Increased capacity of common control signalling is also one of the claims of gains [Samsung], especially for the transmission power control (TPC) command and RACH procedure in CoMP scenario 4. Actually, CoMP itself is also a hot topic in Rel-11 and there are so many open issues unsolved, such as reference signal, control signalling and CSI feedback etc. So it might be early to utilize it as a motivation in designing new DL control signalling.
Besides, considering the features of the E-PDCCH, a promising benefit could be predicted towards future system, for example, advanced terminals and new carrier type would benefit from the DM-RS based feature assuming limited CRS is configured, and MTC UEs would be facilitated due to the narrower bandwidth occupied by required common DCIs. Therefore, bearing in mind forward compatibility, eCSS is preferable in future releases, and to avoid a fragmentation problem it is also suggested to introduce common search space into E-PDCCH in Rel-11.
Observation 1: Forward compatibility is identified as the major merit of defining common search space in E-PDCCH. 
Many concerns about introducing eCSS have also been raised in previous work, such as the possibility of signaling overhead, UE implementation complexity and possible fallback to PDCCH in reconfiguration. Regarding the increase in signaling overhead,  it is related to design of the common search space and the monitoring behavior of Rel-11 UEs. As described above, HetNet is the main scenario that E-PDCCH targets to, so it is reasonable to assume that the E-PDCCH is located in the PDSCH region of lower power node. In this case, the control signaling overhead could be discarded due to the fact that a legacy control field could be eliminated or reduced.
It is also identified that blind decoding attempts will be increased if UE has to monitor common search space in both PDCCH and E-PDCCH. However, if some methods to reduce the blind decoding numbers could be come up with, this is not the issue. 

Observation 2: Increased blind decoding attempts are identified as the major demerit of eCSS. New methods needs further study to reduce the blind decoding attempts.
Comparing the motivations and scenarios of eCSS with its demerits, we think the necessity of eCSS depends highly on how effective it is to define it. For example, in order to alleviate the decoding complexity, we may consider whether a part of CSS should be supported in Rel-11 or properly assign candidates among legacy region and E-PDCCH region.
Proposal 1: It is proposed to introduce eCSS from Rel-11 to avoid fragmentation problems in the future when eCSS could be carefully designed.
3. Transmission manner of E-PDCCH
At the last meeting, it was discussed how to use distributed and localized transmissions. The question is whether simultaneous localized transmission and distributed transmission in one subframe is allowed. Bearing in mind the transmission of the legacy PDCCH, we have the following states concerning the usage of the E-PDCCH, which are depicted in Figure.1:
State 1: Localized transmission
State 2: Distributed transmission
State 3: Simultaneous localized transmission and distributed transmission is allowed in one subframe
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Figure 1 Alternatives for localized/distributed transmission for the E-PDCCH.
We think that distributed transmission should be prioritized over localized transmission since the E-PDCCH carries the control channel that is to be robust regardless of eUSS or eCSS. Therefore, comparing to State 1, keeping state 2 is more suitable for the E-PDCCH for all the scenarios. From the view point of search space, the eUSS may necessitate localized transmission in addition to distributed transmission depending on the scenarios while the eCSS definitely requires distributed transmission. Another aspect is whether dynamic switching between states is needed. From the operational point of view, semi-static configuration of the above states is desired owing to its simplicity. At this stage, there is no strong need for dynamic switching between the states. From these two points, if the eCSS is supported for the E-PDCCH, both states 2 and 3 could be supported in a semi-static way. Otherwise, both states 1 and 2 could be supported in a semi-static way. 
Observation 3: If eCSS is not supported, either localized or distributed transmission mode is configured by higher layer signaling
Observation 4: If eCSS is supported, either distributed or simultaneous localized and distributed transmission mode is configured by higher layer signaling.
4. Simultaneous support of distributed and localized transmissions in one subframe 
When state 3 is needed, there is an instinct impression that blind decoding trials will be further increased due to the fact that UE may search both the localized transmission area and distributed transmission area in blind decoding procedure. Therefore, it is needed to investigate the method of preventing this situation.
Besides, in previous meeting, we proposed a method of mapping DCI in the common search space into real physical resources. Here, we update the mapping method to support both localized and distribution transmission. As depicted in previous contribution [7], we suppose that eCSS should be designed to support frequency diversity gain as well as interference cancellation of control signaling between macro cell and pico cells. In this paper, for the eUSS, frequency scheduling gain achieved by localized transmission is the main target of the design of resource mapping although distributed transmission is prioritized.
Figure 2 and Figure 3 show examples of the eCSS and eUSS mapping respectively, where a resource block group (RBG) is considered as the granularity for physical resources. In these examples, the same assumption with previous assumption is made, i.e. a total bandwidth of 20 MHz is assumed, and it is split into 25 RBGs. Each RBG has 4 PRBs as an example, and 1 PRB contains 4 eCCEs as defined in [8]. In regard to how the DCIs are to be allocated, we assume that both macro and pico cells have the DCIs with aggregation level of 8 eCCEs, and a total of 32 eCCEs must be allocated considering the performance between the E-PDCCH and legacy PDCCH [docomo]. In the example of eCSS, RBGs #0, #7, #14, and #21, which are physically isolated, are selected as candidate RBGs for the common DCIs to be allocated. On the other hand, physically adjacent RBGs #1, #2, #12 and #13 are selected for UE specific DCIs.
Proposal 2: Further investigation on the mapping scheme is necessary to support simultaneous transmission of distributed and localized transmissions.
[image: image2.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

RBG index

Common SS employing distributed mapping

e.g.,

20MHz

0 1 2 … ……

6 7 8 9 10

… ……

14 15 1617 18

… … …

22 23 24 25 26

… …… …

31

2

RBGs, 1RBG=4RBs, 1RB = 4eCCEs 

32

eCCEs

eCCE index

eC

SS#1 for macro

eC

SS#2 for macro

eC

SS#1 for Pico

eC

SS#2 for Pico


Figure 2 – Resource mapping for distributed transmission.
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Figure 3 – Resource mapping for localized transmission.
5. Conclusion
In this contribution, we further investigated the need for common search space and its transmission scheme for the E-PDCCH. According to the views on defining common search space for the E-PDCCH, we have the following observations and proposal.

Observation 1: Forward compatibility is identified as the major merit of defining common search space in E-PDCCH.
Observation 2: Increased blind decoding attempts are identified as the major demerit of eCSS. New methods needs further study to eliminate the blind decoding attempts.

Proposal 1: It is proposed to introduce eCSS from Rel-11 to avoid fragmentation problems in the future when eCSS could be carefully designed.
Then, we discussed the transmission manners of the E-PDCCH, i.e., localized/distributed transmission. The following observations were made.

Observation 3: If eCSS is not supported, either localized or distributed transmission mode is configured by higher layer signaling.
Observation 4: If eCSS is supported, either distributed or simultaneous localized and distributed transmission mode is configured by higher layer signaling.
Finally we presented the mapping schemes to support simultaneous distributed and localized transmissions in one subframe for the common search space and UE specific search space of the E-PDCCH.
Proposal 2: Further investigation on the mapping scheme is necessary to support simultaneous transmission of distributed and localized transmissions.
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