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1 Introduction
At the RAN1#68 meeting, there was considerable discussion about whether to support a common search space (CSS) for the ePDCCH, but no agreement was reached. There currently is an ongoing email discussion about the ePDCCH CSS. 

In this contribution, we explain why we think an ePDCCH CSS is needed. We also give basic design rules for such a CSS.
2 Reasons of introducing ePDCCH common search space
First, it is generally agreed that for Rel-11, there is a need to send information in a common region for at least the following reasons:

· Transmission of paging information and SIB messages, as well as other control information (e.g., group power control commands with DCI format 3/3A)
· RACH responses: when a UE RACHes, the eNB does not know which UE has actually transmitted the RACH. It only knows which RACH preamble has been used (at most 64 possibilities for Rel-10). Consequently, it cannot use a UE-specific channel.
At RAN1#68, two main options were discussed for where to send this common information:
· Option 1: reuse the PDCCH CSS are defined in Rel-10

· Option 2:  define a new CSS for the ePDCCH for Rel-11 UEs.

Option 1 has the benefit of reducing the need for additional standardization work. Furthermore, since the PDCCH CSS needs to be present for legacy UEs, it makes sense to reuse it for Rel-11 UEs even if they use the ePDCCH to receive DCIs. Note that since the PDCCH CSS is in the control region of the subframe, unused control region resources cannot be used for other purposes. In that sense, it seems beneficial to have the Rel-11 UEs only monitoring the PDCCH CSS whenever possible. However, in many cases, it might not be possible to rely on the PDCCH CSS only for sending the aforementioned information:
1. For HetNet, there are many cases where the UE may experience a high level of interference, notably when large CRE values (e.g., 9 dB) are used. In such a scenario, the area reserved for the PDCCH CSS of the interfered cell might be heavily interfered, and potentially prevent the UE for getting critical information such as the SIB1 message or RACH responses.
2. For CoMP scenario 4, it seems plausible to assume that for some cases, the macro cell would transmit the “regular” PDCCH, including the CSS, and that the pico would transmit the ePDCCH only. In that case, there might be a capacity problem for the existing PDCCH CSS: the PDCCH CSS only has 16 CCEs, which is deemed enough for a one-cell scenario. However, for scenario 4, there might not be enough CCEs to accommodate all the required traffic coming from the aggregation of all RRHs. For this reason, it may be needed to extend the existing CSS. 
While the previously mentioned reasons are enough to justify standardizing an ePDCCH CSS for Rel-11, in our view, it is also desirable to ensure that the system we are currently defining are future-proof. In other words, we have to ensure that this issue of ePDCCH CSS need not to be revisited in future releases. There are at least two compelling reasons to define an ePDCCH CSS to ensure this “forward” compatibility. Firstly, if later on, it is decided to support a standalone new carrier type without any control region, having an ePDCCH will be needed to transmit the common information (SIBs, paging). Secondly, if Machine Type Communications (MTC) are supported in a later release, an ePDCCH CSS might provide low cost solutions. Assuming sensors have low bandwidth, not decoding the entire frequency span of the control region but having an ePDCCH CSS in the data region is an easy way to accommodate for the bandwidth restrictions of such units. In particular, it is beneficial to have the ePDCCH CSS covering at least part of the central region (the central 6 RBs of the carrier), since LTE is designed to have any unit at least being able to monitor this 6-RB region.
In summary, the reasons of introducing CSS on ePDCCH are summarized in Table 1. 
Table 1: Potential requirements and relevant scenarios for ePDCCH CSS
	Requirement
	Scenarios(s)
	Advantages

	Interference avoidance
	HetNet
In high-interference scenarios, (e.g., large CRE values), it is not guaranteed that the PDCCH CSS is not heavily interfered.
	Range extension for common DCIs by transmission in a part of the PDSCH region with low interference 

	Capacity enhancement 
	CoMP scenario 4

There may not be enough capacity on the PDCCH CSS, especially when one PDCCH CSS is used by many RRHs
	Increase the CSS capacity

	Forward compatibility
	Low cost MTC units
	operate on lower bandwidth

	
	Standalone carriers
	Independent of legacy PDCCH


According to above analysis, we propose to standardize an ePDCCH CSS.
2.1 CSS design for ePDCCH

Based on the previous analysis, an ePDCCH CSS appears beneficial. A straightforward design to accommodate all the previously scenarios is relatively simple. First, given the multiplicity of scenarios, it appears necessary not to reserve a region exclusively for the ePDCCH CSS: in other words, the unused PRBs of the ePDCCH CSS should be reusable for other channels (PDSCH or UE-specific ePDCCH). This can be easily accommodated with the following rule:

· Rule 1: the ePDCCH CSS consists of a set of PRBs in the data region of the subframe

The ePDCCH must be transmitted either in a localized or a distributed manner. However, since the CSS is mainly for conveying broadcast and multicast information, distributed transmission for the ePDCCH CSS may be more appropriate. Since the transmission conveyed on the ePDCCH CSS is crucial for system broadcasts and paging, maximum robustness should be ensured, by using both frequency and spatial diversity. 
· Rule 2: distributed transmission is used on the ePDCCH CSS, with usage of both frequency and spatial diversity
As explained before, and described in [1], it is beneficial in some cases to have a Rel-11 UE using a UE-specific ePDCCH to monitor the PDCCH CSS. This is useful because the PDCCH CSS consists of reserved REs in the control region, and if these REs are unused, they are wasted for data transmission. Consequently, when scenario 4 is not used, and when the interference level is reasonable, having the Rel-11 UE monitor the PDCCH CSS only is sufficient, and monitor an ePDCCH CSS is not needed. In order to keep the number of blind decodes low, we propose the following:

· Rule 3: a UE can be signaled to monitor the ePDCCH CSS only or the PDCCH CSS only

Because the CSS is shared by multiple UEs and the resources needed for CSS are not frequently varied, there is no need to dynamically configure and signal the physical resources (PRBs) for CSS. Therefore, semi-static configuration of physical resources for ePDCCH CSS appears sufficient.  
· Rule 4: the ePDCCH CSS is semi-statically configured
For PDCCH, there are 16 CCEs with aggregation level 4 or 8 defined for CSS. For the ePDCCH CSS, it seems reasonable to have a similar rule. However, it is dependent on the eCCE definition, Since such a definition has not be agreed on yet, the decision of which aggregation level(s) to support has to be deferred.
· Rule 5: FFS which aggregation level(s) to support on the ePDCCH CSS

3 Conclusion 
In this contribution, our views on ePDCCH CSS were presented. The reasons leading to our support for an ePDCCH CSS were presented. In addition, simple design rules for the ePDCCH CSS where derived, and are summarized below:
· The ePDCCH CSS consists of a set of PRBs in the data region of the subframe

· Distributed transmission is used on the ePDCCH CSS, with usage of both frequency and spatial diversity
· A UE can be signaled to monitor the ePDCCH CSS only or the PDCCH CSS only

· The ePDCCH CSS is semi-statically configured
· FFS which aggregation level(s) to support on the ePDCCH CSS
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