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1 Introduction

In RAN1#68bis meeting, we discussed fallback operations in Rel-11, but could not achieve an agreement. In this contribution, we show our views on fallback operations in CoMP scenario 4. Furthermore, we propose that both Common Search Space (CSS) and UE-specific Search Space (USS) on legacy PDCCH are used for fallback operations in Rel-11, and that an additional Blind decoding (BD) budget is introduced for ePDCCH.
2 Assumptions for the analysis
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Fig.1 Example of CoMP scenario 4
One of the motivations for introducing ePDCCH is CoMP scenario 4 without carrier aggregation. In CoMP scenario 4, all the transmission points (TPs) with an identical cell ID transmit the same PDCCH message. It results in the shortage of PDCCH capacity. In other word, ePDCCH is a mandatory feature for CoMP scenario 4, but might be optional for other scenarios. Therefore, in this contribution, we analyze possible procedures for CoMP scenario 4 by using Fig.1, aiming to clarify the required fallback operations. For the simplicity, it is assumed that one macro node (TP0) and two pico nodes (TP1 and TP2) compose a CoMP coordinate set. 
Furthermore, it is also assumed that common channel and signals (e.g., PDCCH and CRS) are transmitted from all the TPs by using SFN fashion.
Assumption 1:
· CoMP scenario 4 without carrier aggregation is assumed.

· PDCCH and CRS are transmitted from all the TPs.
Although RAN1 has agreed that the necessity of CSS on ePDCCH is studied considering fallback operations, our common understanding on the exact definition of “fallback” is unclear. In our understanding, when TP of ePDCCH is changed, a RRC reconfiguration is needed. Therefore, an ambiguity during this RRC (re)configuration process needs fallback operations. The same situation will happen when ePDCCH regions are initially configured for a UE. Therefore, we assume the following in this contribution:
Assumption 2:

· Fallback operations in this contribution are assumed  as the means to solve the ambiguity of ePCCH regions during RRC  initial configuration and reconfiguration.
On the other hand, one of the important aspects of ePDCCH fallback operations is how to select the ePDCCH regions (i.e. RBs) for each TP. Along with the assumption 1 for Fig.1, the following three options can be considered:
· Option 1-1:
· Share common ePDCCH regions for all the TPs

· Pros

· cell splitting of ePDCCH
· efficient RB utilization for ePDCCH
· no/less reconfiguration of ePDCCH regions would happen
· Cons

· ICIC for ePDCCH cannot be achieved
· Option 1-2

· Pico TPs share the same regions, but macro TP uses different regions, including no ePDCCH regions for particular TP(s)
· Pros

· cell splitting of ePDCCH
· partly ICIC for ePDCCH between  macro and pico

· Cons

· ICIC for ePDCCH among pico TPs cannot be achieved
· reconfiguration of ePDCCH regions would happen when UE moves from macro TP to pico TP, and vice versa
· Option 1-3

· Every TP uses different regions, including no ePDCCH regions for particular TP(s)
· Pros

· perfect ICIC can be achieved
· Cons

· overhead of ePDCCH regions
· reconfiguration of ePDCCH regions would happen
Since each option has benefits, it is not worthwhile preclude any possible configurations from the standardization perspective. Meanwhile, either Option1-2 or Option1-3 should be considered because ICIC for control channel is one of the most important motivations for ePDCCH in CoMP scenario 4. On the other hand, it is clear that option 1-3 requires the most complicated procedure in terms of fallback operation. Hence, we focus on option 1-3 for the analyses in the remaining discussions of this contribution.
Assumption 3:

· It is assumed that all TPs use different regions (i.e. RBs) for ePDCCH

· Reconfiguration of ePDCCH regions is performed due to UE mobility

3 Analyses 
3.1 Necessity of CSS on ePDCCH
Fig.2 summarizes an example of message exchange for ePDCCH/PDSCH procedures performed for UE A in Fig. 1. The details of each step are explained as follows:

· Through Steps (1) to step (4), the configurations related to and CoMP are completed. In these steps, legacy PDCCH is naturally used because ePDCCH is not configured.
· In step (5), TPs inform UE A of the ePDCCH region, which corresponds to the relevant TP(s) for this UE. Note that the TP(s) will not be informed explicitly, but determined by using CSI-RS  configuration. Here, it is assumed that ePDCCH from TP 1 is used for carrying DCI to UE A. 
· In Step (6), TP 0 allocates ePDCCH and PDSCH resources (i.e. RB(s) and TP(s) ) to UE A. Here, it is assumed that TP 1 is used for ePDCCH transmission, and TP 2 is used for PDSCH transmission.
· In Steps (7) and (8), ePDCCH message generated by TP 0 is transmitted to UE A via TP 1. Similarly, PDSCH generated by TP 0 is transmitted to UE A via TP 2.
· Finally in Step (9), UE A monitors ePDCCH regions and tries BDs. If the DCI in ePDCCH is decoded successfully, UE A decodes PDSCH based on the detected DCI.
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 Fig.2 Example of message exchange and ePDCCH/PDSCH processing procedures for UE A in Fig.1

Note that Steps (6)-(9) will be processed for UE A subframe by subframe. It is also noted, although an example procedure of initial configuration for ePDCCH is explained, a similar ambiguity issue will happen during reconfiguration of ePDCCH regions depending on the change of TP. This means that ePDCCH is unavailable until the (re)configuration process is completed. Based on this analysis, the following observations are made:

· During the initial configuration of ePDCCH regions, UE A has anyway to detect legacy PDCCH for the fallback operation.

· During the reconfiguration of ePDCCH regions due to UE mobility, UE A has also to detect the USS/CSS on legacy PDCCH or common ePDCCH regions for source TP and destination TP.
Therefore, it is obvious that the simplest way to prepare the PDCCH/ePDCCH regions for fallback operation is to use legacy PDCCH taking Rel-11 timeline into account. In this case, we cannot see the necessity to introduce CSS on ePDCCH because all the UEs monitor CSS on legacy PDCCH. 
Proposal 1: Legacy PDCCH is used for the fallback operation.
· USS and CSS on legacy PDCCH should be monitored even when a UE is configured to decode ePDCCH. 
· CSS is not necessary for ePDCCH.
3.2 Budget for BDs of PDCCH and ePDCCH
Given the proposal in the previous section, the following three options are possible for the BD budget design considering fallback operations. The amount of BDs for legacy PDCCH CSS, USS and ePDCCH USS are 12, 32 and 
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, respectively.
· Option 2-1 : Both CSS and USS  on legacy PDCCH  are monitored (Fig. 3)
· Pros : 
· No additional modification on legacy PDCCH CSS and USS is necessary.
· Sufficient USS can be reserved.
· Cons : 

· Amount of blind decoding is larger than that of only legacy PDCCH.
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Fig.3 Search space design of option 1-1
· Option 2-2 : A part of USS on legacy PDCCH is not monitored (Fig. 4)
· CSS on legacy PDCCH CSS is completely reused while USS on legacy PDCCH is partially used in order to reduce the amount of blind decoding required for legacy PDCCH USS. 
· Pros : 
· Total amount of blind decoding can be reduced.
· Cons : 

· Modification of legacy PDCCH USS is necessary.
· Shortage of legacy PDCCH capacity may occur.

· The definition of USS on legacy PDCCH should be reconsidered (i.e. spec impact). 
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Fig.4 Search space design of option 2
· Option 2-3: USS on legacy PDCCH is not monitored. (Fig 5)

· Pros : 
· Total amount of blind decoding can be reduced, aiming at the same number of BDs (i.e. 
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=32)
· Cons : 

· Shortage of legacy PDCCH capacity might occur during fallback operation.
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Fig.5 Search space design of option 3
Taking the pros and cons for each option into account, we prefer option 2-1 since the impact on the scheduler can be minimized. Meanwhile, the total amount of BDs might be a problem from the perspective of UE implementation, and hence the exact number of 
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 should be chosen carefully. Through the detail should be studied further, it should be considered to limit either localized transmission or distributed transmission within one subframe and decreasing the amount of BDs for ePDCCH. 
Proposal 2 : Additional BDs should be introduced for ePDCCH operations
· The exact number of DBs for ePDCCH and/or method for reducing BD budget is FFS.
· Consider to limit either localized transmission or distributed transmission within one subframe in order to decrease the amount of BDs for ePDCCH.
4 Conclusion

In this contribution, we showed our views on its fallback operations in CoMP scenario 4. Taking our analyses into consideration, we propose the following:
Proposal 1: Legacy PDCCH is used for the fallback operation.
· USS and CSS on legacy PDCCH should be monitored even when a UE is configured to decode ePDCCH. 
· CSS is not necessary for ePDCCH.
Proposal 2 : Additional BDs should be introduced for ePDCCH operations
· The exact number of DBs for ePDCCH and/or method for reducing BD budget is FFS.

· Consider to limit either localized transmission or distributed transmission within one subframe in order to decrease the amount of BDs for ePDCCH.
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