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1 Introduction

RAN1 has provided the L1 parameters for EPDCCH in [1,2]. Even though, some aspect of EPDCCH is still to be discussed in RAN1, this contribution attempts to design required RRC signaling for support of EPDCCH.

2  Discussion
EPDCCH can be configured for scheduling on both PCell and SCell. Support of cross-carrier scheduling with EPDCCH is still under discussion in RAN1. So far, there is no agreement of support for cross-carrier scheduling with EPDCCH in Rel-11. It is not possible to schedule PDSCH to a given UE on a given Cell from more than one Cell in a given subframe. Therefore, if cross-carrier scheduling is configured for a given UE on a given SCell, it is not possible also to use EPDCCH on the cross-scheduled SCell to schedule PDSCH to the same UE on the same SCell in the same subframe. Based on the above RAN1 agreements, EPDCCH can be configured for SCell however the support of cross-carrier scheduling using EPDCCH is FFS. So far changes to CrossCarrierSchedulingConfig is not required.
The UE monitors UE-specific search space on EPDCCH while Common search space and UE-specific search space on PDCCH are monitored according to Rel-10 behavior. Thus EPDCCH configuration is UE specific. The IE physicalConfgDediacted which used to specify the UE specific physical channel configuration is correct place holder for the introduction of EPDCCH configuration parameters.
Proposal 1: a new EPDCCH-Config IE to be introduced in physicalConfgDediacted for PCell and SCell in order to capture EPDCCH configuration parameters. 
A UE can be configured with either 1 or 2 EPDCCH sets per Cell. As per [2], some EPDCCH configuration parameters are per EPDCCH-set while some other parameters are applicable to all configured EPDCCH sets. 
Subframe configuration where UE monitors UE-specific search space on EPDCCH and the starting OFDM symbol for EPDCCH are applicable to all configured EPDCCH sets of a given Cell. 
Subframe configuration for EPDCCH can optionally be signaled to the UE via RRC signaling. In case the higher layer signaling is not present, the UE shall derive the subframe for EPDCCH monitoring following the condition specified in L1 specification. Thus the new parameter for EPDCCH subframe configuration is optional with Need code “OP”. The higher layer signaling supports signaling flexibility considering the transmission of PMCH, ABS subframe for eICIC, etc. as per RAN1 agreement, the higher layer signaling consists of a new bitmap that has the same periodicity and size as those used for eICIC. Therefore, MeasSubframePattern can be re-used for the signalling of subframe configuration for EPDCCH. 
A new parameter indicating the starting OFDM symbol for EPDCCHand PDSCH scheduled by EPDCCH has currently been agreed when the UE is not configured with tm10. The discussion considering tm10 is FFS. The parameter is optionally present. If absent, the staring OFDM symbol of EPDCCH and PDSCH scheduled by EPDCCH is derived from PCFICH. ie: the parameter is optional with Need code “OP”. 
The following signalling is proposed for EPDCCH subframe configuration and starting OFDM symbol of EPDCCH and PDSCH scheduled by EPDCCH.



epdcch-SubframePatternConfig-r11

MeasSubframePattern-r10         OPTIONAL, -- Need OP



epdcch-StartSymbol-r11




INTEGER (1..4)          

   OPTIONAL, -- Need OP

Resource-block configuration for the EPDCCH monitoring, EPDCCH transmission type, DMRS scrambling sequence initialization parameter and PUCCH resource starting offset for the EPDCCH are required to be configured per EPDCCH set. 

Each EPDCCH set can be configured with a group of N PRB pairs. N depends on the downlink system bandwidth. N may takes value 2, 4 or 8. N=8 can not be configured when system bandwidth is less than 8 PRBs. Downlink system bandwidth is signal in dl-Bandwidth of MasterInformationBlock and may take value n6, n15, n25, n50 , n75 or n100. Even though, a bitmap or other method for the indication of PRB configuration is still FFS in RAN1, considering the dependency of system bandwidth, CHOICE structure may be considered for the signalling. If bit map is agreed, the following shows a possible signalling structure.  epdcch-ResourceBlockAssignamnet is mandatory present when EPDCCH is configured.


epdcch-ResourceBlockAssignment-r11
CHOICE {




n6-r11






BIT STRING (SIZE(6)),



n15-r11






BIT STRING (SIZE(15)),




n25-r11






BIT STRING (SIZE(25)),




n50-r11






BIT STRING (SIZE(50)),




n75-r11






BIT STRING (SIZE(75)),




n100-r11





BIT STRING (SIZE(100))



},

On the other hand, a variable bit string could also be considered. 



epdcch-ResourceBlockAssignment-r11 



BIT STRING (SIZE (6..100))

Proposal 2: RAN2 to discuss whether CHOICE structure or variable bit string is used for signalling of epdcch-ResourceBlockAssignment.
DMRS scrambling sequence initialization parameter can take value range of Integer (0..503) and  is configured per EPDCH set. The parameter is mandatory present for the first EPDCCH set. For the second EPDCCH set, RAN1 has recommended to use default value of DMRS scrambling sequence initialisation parameter to be the same as first set as way of reducing signalling overhead. However, the parameter only takes value (0 .. 503) (ie: 9 bits), hence a necessity of such signalling optimisation is questionable.
Proposal 3: RAN2 to discuss necessity of signalling overhead optimisation in signalling of DMRS scrambling sequence initialization for the second set of EPDCH configuration.

PUCCH resource starting offset for the corresponding EPDCCH is mandatory present and takes value range integer (0 .. 2047). EPDCCH transmission type could take values of distributed or localized and mandatory present. 

Some discussion w.r.t. tm10 transmission mode is still to be finalised in RAN1. The starting OFDM symbol of EPDCCH and PDSCH scheduled using EPDCCH when tm10 is configured is FFS. The following agreement was made in RAN1 w.r.t. tm10. QuasiCoLocation-CSI-RS-Index is signalled to the UE to indicate the EPDCCH DMRS ports shall not be assumed as quasi co-located with any RS port, with the following exception: all EPDCCH DMRS ports within the EPDCCH set may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with the non-zero power (NZP) CSI-RS resource indicated by QuasiCoLocation-CSI-RS-Index. If this signaling is not provided, all EPDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with CRS for the serving cell. Therefore, one possibility is to have QuasiCoLocation-CSI-RS-Index as optional with Need OP. other coding possibilities could be discussed in RAN2.
The following signalling design is proposed for parameters corresponding to EPDCCH set. 
-- ASN1START

EPDCCH-Config-r11 ::=

CHOICE{


release





NULL,


setup





SEQUENCE {



epdcch-SubframePatternConfig-r11

MeasSubframePattern-r10         OPTIONAL, -- Need OP



epdcch-StartSymbol-r11




INTEGER (1..4)          

OPTIONAL, -- Need OP



epdcch-SetConfigList-r11

 

SEQUENCE(SIZE (1..2)) OF EPDCCH-SetConfig-r11   


}
}

EPDCCH-SetConfig-r11
::= SEQUENCE {



epdcch-TransmissionType-r11


ENUMERATED {localised, distributed},



epdcch-ResourceBlockAssignment-r11
CHOICE {




n6-r11






BIT STRING (SIZE(6)),



n15-r11






BIT STRING (SIZE(15)),




n25-r11






BIT STRING (SIZE(25)),




n50-r11






BIT STRING (SIZE(50)),




n75-r11






BIT STRING (SIZE(75)),




n100-r11





BIT STRING (SIZE(100))



},

-- FFS whether BIT STRING or another resource allocation type, may also consider variable size bit string



dmrs-ScramblingSequenceInt-r11

INTEGER (0..503)


OPTIONAL,
--Cond firstSet



pucch-ResourceStatOffset


INTEGER (0..2047),



quasiCoLocation-CSI-RS-Index-r11
INTEGER (1..3)



OPTIONAL 
-- Need OP

}


-- FFS further EPDCCH configuration required for the UEs operating in tm10

-- ASN1STOP
Proposal 4: RAN2 to discuss proposed signalling structure for EPDCCH parameter configuration. 

3 Conclusions

This contributions discusses the design of EPDCCH parameter configuration based on the information received from RAN1 in [1,2]. The following proposals are made:
Proposal 1: a new EPDCCH-Config IE to be introduced in physicalConfgDediacted for PCell and SCell in order to capture EPDCCH configuration parameters. 

Proposal 2: RAN2 to discuss whether CHOICE structure or variable bit string is used for signalling of epdcch-ResourceBlockAssignment.

Proposal 3: RAN2 to discuss necessity of signalling overhead optimisation in signalling of DMRS scrambling sequence initialization for the second set of EPDCH configuration.

Proposal 4: RAN2 to discuss proposed signalling structure for EPDCCH parameter configuration. 

A draft CR capturing signalling design as discussed in this paper is provided in [3]
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