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1. Introduction
There are already a lot of discussions regarding to the necessity and the design of UE-specific PDCCH (X-PDCCH) in previous RAN1 meetings.  This document first evaluates the motivations of UE-specific PDCCH.  Further, two possible signaling methods are discussed for the support of UE-specific PDCCH. 


2. Motivations of UE-Specific PDCCH
UE-specific PDCCH (X-PDCCH) is designed to enhance the capacity of control signaling.  One limiting factor of PDCCH is that the capacity of control signaling in control region may be exhausted when there are a lot of UEs inside the cell.  For the scenarios such as MU-MIMO, CoMP and CA-based network with cross-carrier scheduling, more UEs are expected to be scheduled in the same subframe.  Moreover, PDCCH transmission in MBSFN subframes is restricted since only two OFDM symbols are used for control signaling. 
Secondly, it’s difficult to apply ICIC in frequency domain for CRS based PDCCH.  UE-specific PDCCH is designed to be transmitted in data region, based on DRS. Therefore, it offers great flexibility to perform interference coordination/avoidance, compared to legacy PDCCH.
Lastly, precoding gain could be achieved by DRS for UE-specific PDCCH, while legacy PDCCH cannont leverage the advantage of multiple antennas through precoding. 
Since the physical location of UE-specific PDCCH is different from the legacy PDCCH, certain signaling method is needed for UEs, which are configured to monitor the enhanced PDCCH.  There are two possible signaling methods – 1) dynamic signaling method; 2) semi-static signaling method.


3. Dynamic Signaling for UE-Specific PDCCH
In this method, UEs (e.g., Rel 11 and onward UEs ) can be first configured by the higher layer signaling from eNB whether to use UE-specific PDCCH (X-PDCCH).  Then, a dynamic signaling is used to indicate the physical location of UE-specific PDCCH for the configured UEs.  The advantage of this method is that eNB can adjust the overhead of UE-specific PDCCH dynamically on a subframe basis according to the data traffic.  However, the counter part is that a new DCI format or a slightly modified legacy DCI format (for example, DCI format X) need to be defined for the determination of UE-specific PDCCH. 
In our views, there are four possible options, which could be considered to support dynamic signaling of UE-specific PDCCH.  Figure 2-1 illustrates the concept of different options.

Figure 2-1 Illustration of four options
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· Option #1:  DCI format X is transmitted in the common search space of legacy PDCCH and configured UEs obtain the physical location of UE-specific PDCCH for blind detection of downlink schedulers or uplink grant from the information in DCI format X.

In this option, the DCI format X is shared by a group of configured UEs whose downlink  schedulers or uplink grants are transmitted in the same UE-specific PDCCH.  In other words, there may be multiple DCI formats to determine the physical location of UE-specific PDCCH in the common search space in the legacy PDCCH.  In order to differentiate them among different groups of UEs, a kind of group ID should be carried in the DCI formt X, such as RNTI for CRC bits scrambling or group indication field in the DCI format content.
Pros:
1. The complexity of PDCCH blind decoding can be the same as that in Rel-10 if part or all of blind decodings in legacy PDCCH can be skipped.
2. Compared to other options, the overall signaling overhead is the smallest.

Cons:

1. It may consume some resources of common search space in legacy PDCCH so there may be impact on the capacity of common search space.  For example, additional 4 DCI format X are transmitted in the common search space if there are four groups of UEs configured to use UE-specific PDCCH.
· Option #2:  DCI format X is transmitted in the UE-specific search space of legacy PDCCH and configured UEs obtain the physical location of UE-specific PDCCH for blind detection of downlink schedulers or uplink grant from the information in DCI format X.

In this option, the DCI format X needs to be signaled in each UE-specific search space of the configured UE so the DCI format X is actually UE-specific.  The signaling overhead thus inceases with the number of configured UEs.  However, compared to Option #1, it has less impact on common search space to transmit such DCI format X in UE-specific search space though the overall signaling overhead is larger.

Pros:

1. Compared to Option #1, there is no impact on the capacity of common search space.
Cons:

1. The complexity of PDCCH blind decoding increases, compared to Rel-10, due to the additional blind decoding in UE-specific search space in legacy PDCCH.

2. Compared to Option #1, the overall signaling overhead is larger.
· Option #3:  DCI format X is transmitted in the common search space of legacy PDCCH and configured UEs obtain both the physical location of UE-specific PDCCH and the logical address of the downlink scheduler or uplink grant from the information in DCI format X. 

In this option, DCI format X is UE-specific, i.e. one configured UE consumes one DCI format X.  Though the complexity of PDCCH blind decodings can be saved, it introduces huge burden on common search space in legacy PDCCH.
Pros:

1. The complexity of PDCCH blind decoding can be reduced, compared to Rel-10, if part or all of blind decodings in legacy PDCCH can be skipped.
Cons:

1. It consumes a lot of resources of common search space in legacy PDCCH so there may be capacity problem.
2. Compared to Option #1, the overall signaling overhead is larger.

· Option #4: DCI format X is transmitted in the UE-specific search space of legacy PDCCH and configured UEs obtain both the physical location of UE-specific PDCCH and the logical address of the downlink scheduler or uplink grant from the information in DCI format X.
Similar to Option #3, DCI format X in this option is UE-specific and configured UEs can obtain their DL schedulers or UL grants in X-PDCCH without blind decoding based on the information in DCI format X.  The signaling overhead thus increases with the number of configured UEs.  However, compared to Option #3, there is no impact on the capacity of common search space.
Pros:
1. Compared to Option #3, there is no impact on the capacity of common search space in legacy PDCCH.
2. The complexity of PDCCH blind decoding can be reduced, compared to Rel-10, if part or all of blind decodings in legacy PDCCH can be skipped.
Cons:

1. Compared to Option #1, the overall signaling overhead is larger.
In summary, among four options, Option #1 introduces the least overall signaling overhead but there may be some impact on the capacity of common search space in legacy PDCCH while Option #3 and Option #4 is beneficial to the complexity of PDCCH blind decoding.  However, in Option #3, it has huge impact on the capacity of common search space so it is not practical for further consideration in dynamic signaling method.  Regarding to Option #2, the complexity of PDCCH blind decoding largely increases due to the additional blind decoding in UE-specific search space in legacy PDCCH so it is also not practical for further consideration in dynamic signaling method either.


4. Semi-static Signaling for UE-Specific PDCCH
In this method, a semi-static higher-layer signaling is used to signal UEs the related information of UE-specific PDCCH.  The signaling is UE-specific so the signaling overhead increases with the number of UEs inside the cell.  Since the signaling is semi-static, the introduced signaling overhead should be acceptable.  For UEs configured by higher-layer signaling to utilize UE-specific PDCCH, part or all of the blind decodings in legacy PDCCH can be skipped, depending on the detailed search space designs in UE-specific PDCCH.  The advantage of this method is that there is no impact on the complexity of blind decoding for the configured UEs and there is very little specification impact to design a workable signaling method, compared to dynamic signaling method.  However, the counter part is that eNB can not adjust the overhead of UE-specific PDCCH dynamically on a subframe basis according to the data traffic so there may be resource waste.
Pros:
1. There is no impact on the complexity of blind decodings for UEs configured to utilize UE-specific PDCCH if UEs can skip blind decodings for the search spaces in legacy PDCCH
2. There is no specification impact on DCI formats and it introduces less specification efforts, compared to dynamic signaling

Cons:

1. The overhead of UE-specific PDCCH can not be adjusted dynamically on a subframe basis according to the data traffic


5. Conclusion

In this document, two signaling methods for UE-specific PDCCH are discussed.  For dynamic signaling method, four options are listed and the advantages and disadvantages of each option are discussed.  Compared to the other two options, Option #1 and Option #4 seem to be more reasonable solutions for consideration.  The main advantage of dynamic signaling method is that eNB can adjust the overhead of UE-specific PDCCH dynamically on a subframe basis according to the data traffic but it introduces some specification efforts to make it work.  For semi-static signaling method, the main advantage is that there are relatively less specification efforts required, compared to dynamic signaling method.  However, it may introduce resource waste because the overhead of UE-specific PDCCH can not be adjusted dynamically on a subframe basis.  From the perspective of specification efforts, semi-static signaling method seems to be the simplest way for the signaling of UE-Specific PDCCH.  From the discussion in previous sections, we propose:
Proposal #1:  UE-specific PDCCH is beneficial for the scenarios such as MU-MIMO, CoMP and CA-based network with cross-carrier scheduling so RAN1 is suggested to enable UE-specific PDCCH in Rel-11.
Proposal #2:  Considering the best  trade-off between the overall signaling overhead and complexity of PDCCH blind decoding, Option #1 and Option #4 are more feasible for further consideration if dynamic signaling method for UE-specific PDCCH is adopted.

Proposal #3:  Compared to dynamic signaling method, there are little specification efforts required for the signaling method design but overhead adjustment would be an issue.
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