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1 Introduction

After some fruitful discussions at the RAN1#71 meeting and the offline email discussion later, the following work assumption has been achieved:
	1) Search space equation for localized EPDCCH:

To capture DOCOMO equation with brackets for this round of CR.

Some modifications will be further discussed in the next meeting (and email) including cross carrier scheduling aspect.

2) Search space equation for distributed EPDCCH

To capture Rel.10 equation with cross carrier scheduling with brackets in this round of CR.

To use Rel.10 equation and to use the same equation between localized/distributed are treated equal manner in the next RAN1 meeting discussion.

3) Definition of Yk per EPDCCH set

To prepare two variables for each EPDCH set but to use the same Rel-10 equation for both cases in this round of CR.

The agreement to use different Yk per EPDCCH set is still valid and how to realize this is to be discussed in the next meeting.


In this contribution, we will provide our considerations on the abovementioned open issues.
2 Discussion

2.1 Search space equation for localized EPDCCH
During the email discussion, it has been identified that the currently agreed search space equation in [1] does not fully support the cross carrier scheduling. Naturally, there are two options to support cross carrier scheduling:
1) The total number of candidates for aggregation level L in the EPDCCH set for all the cells being scheduled are evenly spaced across all the configured PRB pairs, or

2) The candidate for aggregation level L of one cell simply follows that of another cell ordered by the carrier indicator, i.e. reusing the design principle consistent with that of Rel-10 cross carrier scheduling.

An example representing these two options is illustrated in Fig 1: there are four PRB pairs configured for the localized EPDCCH Set consisting of 16 ECCEs, with the assumption that the candidate attempts of both PCell and SCell are four.





Fig 1. Cross scheduling with 2 carrier in CA feature

Option 1) has the advantage of evenly spacing the candidates across all the PRB pairs, especially if the number of candidates of each cell is less than the number of PRB pairs of the EPDCCH set. This is beneficial for exploiting frequency selective gain for the UE. On the other hand, by evenly spacing the candidates for different cells, it may end up to the allocation result where candidates for different cells locate in different PRB pairs. If only one of the PRB pairs has good CSI, then only one carrier may be scheduled in that PRB pairs at one time. This may actually be problematic, because it is desirable to schedule multiple carriers for the UE configured with CA for capacity boosting.
In contrary, Option 2) may only distribute the candidates of one cell across all the PRB pairs. Thus, candidates for different cells would be located together. Such property is desirable for CA scenarios, because if one of the PRB pairs is suitable for localized transmission, then the eNB has the opportunity to transmit multiple DCIs corresponding to multiple carriers in that PRB pair.
Generally speaking, these two options may not have much difference if the number of blind decoding candidates for each cell is equal to or more than the number of PRB pairs. In this sense, we have a slight preference on Option 2), given that Option 2) seems to be a little simpler than the alternative, and is more consistent with the Rel-10 design. Then, the search space equation of the localized EPDCCH can be modified as:
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                  Eq. (1)
The added parameter 
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 is defined as the carrier indicator field value if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise 
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 equals 0.
Proposal 1: The search space equation for localized EPDCCH should be updated as Eq. (1), in order to support cross carrier scheduling for EPDCCH.
2.2 Search space equation for distributed EPDCCH

Currently there are still some divergences on the design of search space equation for distributed EPDCCH. There are two options for distributed search space equation on the table:
1) The Rel-10 equation is reused for distributed EPDCCH.

2) A unified equation is used for both localized and distributed EPDCCH.
Option 1) is favorable for some companies as it simply reused the Rel-10 equation which has already proven. The Rel-10 equation can work also for distributed EPDCCH. However, it may suffer from resource blocking issue in comparison to the Option 2), especially when the localized and distributed EPDCCH set are overlapped. 

An example is illustrated in Fig 2, where the localized and distributed EPDCCH set are fully overlapped within four configured PRBs. If a localized ECCE (e.g. ECCE 0 in the localized set) has been allocated to one DCI, it will block the ECCE 0, 1, 2, and 3 in the distributed to be used by others. Note that the Rel-10 equation assigns continuous candidates for one aggregation level L. Consequently, if a UE monitors the candidates starting from ECCE index 0, following the equation of Option 1), the eNB would not be able to schedule the UE by a distributed EPDCCH in the next four candidates. On the other hand, the equation of Option 2) evenly space the candidates across the whole EPDCCH set, which can largely avoid this resource blocking issue.
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                 Fig 2. Mapping ECCE of EREG for Localized and Distributed EPDCCH set
Moreover, a unified search space equation for both localized and distributed EPDCCHs is desirable from maintenance perspective and more future proof. Therefore, Option 2) should be adopted for distributed EPDCCH. 
Proposal 2: The unified search space equation is used for both localized and distributed EPDCCHs.
2.3 Definition of Yk per EPDCCH set
It has already been agreed that different hashing functions (i.e. Yk) would be defined for different EPDCCH sets. However, the details of the Yk has not yet defined. Currently there are four options proposed to define the Yk, as discussed in the sequel.

1) Different sequence initialization values are defined for different sets for each UE [3].
2) Different seed values (A) are defined for the EPDCCH sets [4], e.g. A0=39827, A1=39829 for set-0 and set-1, respectively.
3) A fixed offset is introduced per EPDCCH set. e.g. Original Yk for the first set and Y1,k = Yk + X for the second set.
4) To calculate the Y twice in a subframe for each EPDCCH set.
Option 1) is a simple yet workable solution. The concern on this option is that it may waste the C-RNTI resources because each UE has to reserve two C-RNTIs for two EPDCCH sets. 
Option 2) may solve the resource blocking issue but will introduce a new seed for EPDCCH, which has not yet been carefully verified. 

Regarding the Option 3), as [4] pointed out, a fixed offset might not resolve the resource blocking issue in some specific scenario.
With regard to the option 4), calculating the Y twice might affect some implementation. Moreover, the usage would need to be carefully considered. In the case of UE is configured to monitor EPDCCH in one subframe and PDCCH in another, separate hashing functions have to be maintained for different control channels.
Looking at all the options on the tables, it seems Option 1) is simpler than any others. The space of UE RNTI seems to be large enough for avoiding any collision, thus the concern may not be a problem. Therefore, Option 1) is our first choice. 
Proposal 3: Different sequence initialization values (i.e. RNTI) are defined for different EPDCCH sets.
3 Conclusion

In this contribution, we provide our views on the remaining open issues on EPDCCH search space equation design. Based on the discussions, we propose that:

Proposal 1: The search space equation for localized EPDCCH should be updated as Eq. (1), in order to support cross carrier scheduling for EPDCCH.
Proposal 2: The unified search space equation is used for both localized and distributed EPDCCHs.
Proposal 3: Different sequence initialization values (i.e. RNTI) are defined for different EPDCCH sets.
4 References

[1] R1-124842, “Search Space Design for Localized EPDCCH Transmission”, DOCOMO, Nov.2012
[2] 3GPP TS 36.211 V11.1.0, "Physical channels and Modulation", Dec. 2012
[3] R1-124763, “Resource configuration and search space design for E-PDCCH”, CATT, Nov. 2012.

[4] R1-125153,”EPDCCH search space design”, Huawei, Nov. 2012

































































































































Distributed





Localized





Option 2





#12-15





ECCE #0-3





#4-7





#8-11





Option 2





Candidates of PCell





#12-15





#4-7





ECCE #0-3





#8-11





Option 1





Candidates of SCell








































































































PAGE  
3

_1417691072.unknown

_1344713486.unknown

