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1. Introduction
RAN1 had some discussions on the necessity of common search space (CSS) on E-PDCCH in RAN1#68. The necessity is dependent of the DCIs to be transmitted on E-PDCCH CSS. This contribution provides high level analysis on the pros and cons of transmitting the DCIs on E-PDCCH CSS. In addition, this contribution gives some discussions about the configuration of E-PDCCH CSS.
2. DCI in E-PDCCH CSS
PDCCH CSS delivers DCI masked with SI-RNTI for SIB scheduling, DCI masked with P-RNTI for paging message scheduling, DCI format 3/3A for UL power control command, and DCI masked with RA-RATI for random access response. The pros and cons of transmitting each DCI on E-PDCCH CSS need to be discussed to reach a conclusion on the necessity of E-PDCCH CSS. In addition, as it is possible to separate E-PDCCH CSS and E-PDCCH UE-specific search space (USS) in the PRB level due to the difference in the adopted transmission schemes, some other DL control channels can be considered together with E-PDCCH CSS issue.
2.1. DCI masked with SI-RNTI and P-RNTI
These DCIs are transmitted to deliver the scheduling information of SIB-1 and paging message. UE connectivity cannot be supported without reliable transmissions of them. As they are designed to send the same scheduling information to multiple UEs, any additional transmission of them incurs additional control signaling overhead.
One use case of transmitting these DCIs is in HetNet deployment where the legacy PDCCH is severely interfered by inter-cell interference. This interference problem occurs when a proper ICIC mechanism (e.g., coordination by means of ABS configuration) is not used or when the UEs are not equipped with a proper interference handling receiver. To be detailed on the interference handling receiver, in order to mitigate the residual interference caused by CRS transmissions in ABS, RAN1 recommended RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation for 9 dB CRE bias with ABS configurations [1]. So, if a UE is not equipped with such CRS interference handling receiver, 9 dB CRE bias is not applicable based on PDCCH CSS because the UE is not able to receive DCIs reliably in legacy PDCCH. In this case, transmitting such DCIs in E-PDCCH enables those low-end UEs to exploit the cell range expansion with 9 dB bias. A transmitter-based solution (e.g., not mapping E-PDCCH on the REs in which the aggressor cell transmits its CRS) is needed to avoid CRS interference in the PDSCH region if E-PDCCH CSS is defined to support CRE operation for the UEs not equipped with CRS interference handling receiver [2].
2.2. DCI masked with RA-RNTI
The current RACH messages such as the random access response (Msg 2) and the contention resolution message (Msg 4) are based on CRS, so they cannot be transmitted in MBSFN subframes. On the other hand, Rel 10+ eNB is likely to configure many MBSFN subframes in order to avoid CRS overhead when it transmits PDSCH based on UE-specific RS. This situation will happen more frequently in CoMP scenario 4 where the spatial resource reuse across different transmission points can be done based on UE-specific RS (with a proper antenna port and scrambling sequence allocations). As a result, the legacy RACH procedure may suffer from lack of DL subframes that can be used for RACH message transmissions.
The above problem can be resolved if a new RACH message transmission method is defined based on UE-specific RS. If this feature is introduced, it will be well aligned with E-PDCCH which is also based on UE-specific RS. Thus, it would be desirable if such new RACH message transmissions are scheduled by DCI transmission in E-PDCCH CSS. This functionality will have the advantage that the eNB can offload the DCIs involved in RACH procedure to the PDSCH region in order to deal with the increased need for RACH capacity in, e.g., CoMP scenario 4.
2.3. DCI format 3/3A
This DCI is used to deliver the UL power control command. In general, a cell needs to accommodate more UEs in a new cell deployment scenario like CoMP scenario 4, and this may lead to an insufficient capacity for the transmissions of DCI format 3/3A. It is noteworthy that the current DCI format 3/3A should share PDCCH CSS with DCIs masked with SI-, P-, and RA-RNTI. Furthermore, depending on the ongoing discussions in CoMP WI, UL CoMP operation may require much more frequent transmissions of TPC commands in order to keep the UE transmission power at a suitable level [3].
Transmitting DCI format 3/3A in E-PDCCH CSS will be beneficial in that the network is provided with TPC command transmission capability with an increased capacity. Also, it is possible to reuse the resource used for DCI format 3/3A transmissions in other transmission points sharing the same physical cell ID by means of a proper antenna port and scrambling sequence configuration of UE-specific RS.
2.4. Other DL control channels
As discussed in [4], enhancements to DL control channels other than PDCCH may be required in Rel-11. A representative one is E-PHICH whose motivation is explained in [4]. If such enhanced DL control channels are defined, it seems natural to multiplex them with E-PDCCH as did in legacy DL control channels. This multiplexing will be beneficial in that the number of PRBs used for the enhanced control transmissions can be minimized. Here, it is not sure whether these DL control channels are multiplexed well with E-PDCCH USS which should be able to exploit the frequency selective scheduling and beamforming. As these control channels requires frequency/space diversity in general, it will be desirable to multiplex these control channels with E-PDCCH CSS which is expected to share a similar transmission property. Details of this multiplexing can be discussed after agreeing on the RE mapping rule of E-PDCCH.
Based on the above discussion, we propose the following:

Proposal 1: Common search space is defined on E-PDCCH for 

· Transmissions of DCI masked with SI-, P-, RA-RNTI and DCI format 3/3A

· Multiplexing of other DL control channels with E-PDCCH.
3. Configuration of E-PDCCH CSS
The relation between PDCCH and E-PDCCH was discussed in [5] based on the four alternatives in Figure 1. Table 1 summarizes pros and cons of each alternative.
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Figure 1. Illustration of four alternatives regarding UE monitoring over legacy PDCCH and E-PDCCH.
Table 1. Comparison of the four alternatives on the relation between legacy PDCCH and E-PDCCH.
	Alternative
	Pros
	Cons

	Alt 1
	UE implementation simplicity
	Additional work for the fallback operation

	Alt 2
	Fallback operation in any subframe
	Potential UE complexity issue, no chance to use E-PDCCH for some DCIs (depending on the detailed SS design)

	Alt 3
	UE implementation simplicity, supporting fallback operation in selected subframes
	Limited E-PDCCH operation opportunity

	Alt 4
	No restriction on E-PDCCH usage, supporting fallback operation in selected subframes
	Potential UE complexity issue


If we limit the discussion to the CSS issue, it seems difficult to monitor both PDCCH CSS and E-PDCCH CSS in a single subframe. This is because monitoring both CSS requires additional UE complexity with increased number of blind decoding and leads to higher false alarm probability. So, it is preferred to multiplex PDCCH CSS and E-PDCCH in a TDM manner; UE monitors PDCCH CSS in a set of subframes and E-PDCCH CSS in another set of subframes. This multiplexing will also provide a smooth change between the two DL CCH types, e.g., by supporting the fallback operation to legacy PDCCH even when a UE is configured to read E-PDCCH.
Proposal 2: A UE is configured to monitor PDCCH CSS in a set of subframes and E-PDCCH CSS in another set of subframes.

If both CSS and USS are defined in the E-PDCCH region, it seems desirable to separate the two SS in the frequency domain, i.e., CSS is configured in a set of RBs separated from the RBs used for USS configuration. This is because the targeting properties are quite different in the two SS. For example, transmit diversity would be very important for CSS which targets a number of UEs, but beamforming and frequency selectivity would be the main goal for USS especially when CSI is available at the eNB. As distributed E-CCE design discussed in [6] is expected to operate well in conjunction with E-PDCCH transmit diversity mode in [7], we propose to adopt distributed E-CCE with the transmit diversity mode for E-PDCCH-based CSS and have further study on its detailed design. On top of such E-PDCCH CSS, E-PDCCH-based USS may adopt the same distributed E-CCE structure or the other type of E-CCE like the localized E-CCE structure by the eNB configuration depending on the CSI availability.
Proposal 3: CSS in the E-PDCCH region is configured in a set of RBs separated from the set used for USS. Distributed E-CCE with the transmit diversity mode is applied to E-PDCCH-based CSS.
4. Conclusion
This contribution discussed the necessity of CSS on E-PDCCH and the resource configuration for E-PDCCH CSS. The following proposals were made:
Proposal 1: Common search space is defined on E-PDCCH for 

· Transmissions of DCI masked with SI-, P-, RA-RNTI and DCI format 3/3A

· Multiplexing of other DL control channels with E-PDCCH.
Proposal 2: A UE is configured to monitor PDCCH CSS in a set of subframes and E-PDCCH CSS in another set of subframes.

Proposal 3: CSS in the E-PDCCH region is configured in a set of RBs separated from the set used for USS. Distributed E-CCE with the transmit diversity mode is applied to E-PDCCH-based CSS.
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