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1. Introduction

To enable dual connectivity in Rel.12, RAN2 has made some decisions on the SeNB functionality. The relevant agreements are listed as follows,
· At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources.

· Contention-based random access (RA) is supported for the SeNB.

· UE receives Message 2 (Msg2) of RA from the eNB to which the preamble was sent.
· Dedicated RRC signalling is used to acquire SI of SCG cells.

· No consensus on support of SPS on SeNB.

· No consensus on support of TTI bundling on SeNB.
To support these agreements for dual connectivity, it is necessary to configure dual common search spaces (CSSs) on MeNB and SeNB.  In this contribution we investigate the possible dual-CSS designs and UE monitoring schemes to support the UEs capable of dual connectivity.  

2. Characteristics of Legacy Carrier Aggregation and Dual Connectivity
Carrier Aggregation (CA) in LTE-Advanced Rel10/11 has the following characteristics,
· A single Radio Resource Control (RRC) connection is established with the PCell, which controls all component carriers (CCs) configured for a UE;

· The PCell of UE cannot be deactivated;

· UE monitors CSS on the  PCell only;

· Use of semi-persistent scheduling (SPS) in DL or UL is limited to PCell only;
· The paging message is only transmitted from the PCell;

· Contention Based Random Access is only performed on PCell;

· Message 2 of Random Access is only transmitted from the PCell.

For UEs supporting legacy CA in Rel.10/11, only one CSS is configured on the PCell to transmit some essential DL control signalling as summarized in Table 1.
Table 1
PDCCH configured in Common Search Space of CA PCell
	DCI formats
	RNTI

	1C/1A
	SI-RNTI

	1C/1A
	P-RNTI

	1C/1A
	RA-RNTI

	0
	Temporary C-RNTI

	0/1A
	C-RNTI

	0/1A
	SPS C-RNTI

	3/3A
	TPC-PUCCH-RNTI

	3/3A
	TPC-PUSCH-RNTI


However, for dual connectivity, some different characteristics from CA have been agreed as follows,
· Contention Based Random Access (RA) is supported for the SeNB in addition to the PCell on MeNB;

· UE receives Message 2 of RA from the eNB to which the preamble was sent, i.e., Message 2 could be transmitted from MeNB or SeNB.
· No consensus on support of SPS on SeNB.

· No consensus on support of TTI bundling on SeNB.
Thus the CA operations with only one CSS on PCell cannot support the dual connectivity characteristics.  We investigate the design of CSS on the pSCell of SeNB in next section.

3. Design of Common Search Space on SeNB

In dual connectivity, the connection to the SeNB is established after the MeNB connection establishment.  MeNB and SeNB are connected via non-ideal backhaul.
One straightforward design for CSS on pSCell of SeNB is to completely duplicate the CSS on PCell of MeNB from UE monitoring point of view. This would increase the maximum number of blind decoding attempts by 12, and the UE would need to monitor all the possible DCI formats with the corresponding RNTIs (as listed in Table 1) in all subframes.
Here we consider the different messages delivered on CSS on pSCell and discuss which are necessary to be supported on pSCell.

RA-RNTI and temporary RNTI (for RACH)
RAN2 has the following agreement on RACH:
· For PRACH, contention based RA is supported for SeNB and UE receives Message 2 of RA from the eNB to which the preamble was sent.

Therefore, it is necessary to support Message 2 of RA (i.e., Random Access Response (RAR)) delivery from SeNB. DCI formats scrambled by RA-RNTI need to be delivered from SeNB, and the UE needs to monitor CSS on pSCell for RA-RNTI scrambled RAR. Similarly, Msg 4 in RACH procedure would also need to be delivered from SeNB, so the UE would need to monitor for temporary RNTI scrambled Msg 4.
eIMTA-RNTI

DCI format 1C was modified to add the support of dynamic reconfiguration for eIMTA, transmitted on the CSS and scrambled by eIMTA-RNTI.  If eIMTA is enabled for a UE on any serving cell in SeNB, the UE should monitor the CSS of pSCell.
SPS C-RNTI

Since no consensus on support of SPS on SeNB was achieved in RAN2 #85bis, it is unnecessary to monitor DCI formats 0/1A scrambled by SPS C-RNTI on the CSS of pSCell on SeNB.
TPC-PUCCH-RNTI and TPC-PUSCH-RNTI
One motivation for introducing Format 3/3A was for SPS, when the eNB may not have enough opportunity to deliver TPC in DL/UL grants. It also can be used for dynamic scheduling considering the limited offset steps of TPC in every DL/UL grants, especially when the grants are infrequent.  Even though SPS is not supported on SeNB, TPC-PUCCH-RNTI and TPC-PUSCH-RNTI monitoring would be essential to adjust the power of dynamic scheduling efficiently. 

C-RNTI

Since the MeNB is always connected, it could be argued whether the SeNB needs to support the fallback scheduling (e.g., during reconfiguration period); if it is not supported, DCI formats scrambled by C-RNTI would not need to be delivered in CSS on SeNB.  However, in this case, the SeNB would not be able to schedule a UE during reconfigurations. Considering the non-ideal backhaul and the fact that MeNB and SeNB perform scheduling independently without coordination, this could cause a brief service interruption for the bearer supported by SeNB especially when there is no bearer split. Therefore the UE should monitor the DCI format 0/1A scrambled by C-RNTI to avoid the potential service interruption. 
SI-RNTI

RAN2 has agreed that,

· Dedicated RRC signalling is used to acquire SI of SCG cells.

· The transmission of RRC messages via SeNB is not supported.
With these agreements, the SI of SCG cells would be transmitted from MeNB. It is unnecessary to monitor DCI format 1A/1C scrambled by SI-RNTI on the CSS of pSCell.
P-RNTI

Related to paging, RAN2 has the following agreements:

· MeNB terminates at least S1-MME and therefore acts as mobility anchor towards the core network.

· The transmission of RRC messages via SeNB is not supported
This means that the paging messages would not be transmitted from SeNB.
Another function of P-RNTI is for system information change notification. Since SI of SCG cells is agreed to be acquired via dedicated RRC signalling, monitoring P-RNTI for SI change would not be necessary either. So there is no need to monitor P-RNTI on the CSS of the pSCell.

4. Conclusions

In this contribution, based on the latest agreements on dual connectivity, we have discussed what is necessary for the UE to monitor on the pSCell CSS. 
In conclusion, the pSCell CSS needs to support most of the functions on the PCell CSS. The required functionality of CSS on pSCell is summarised in Table 2 below: 

Table 2
Required functionality of CSS on pSCell to support DC

	DCI formats
	RNTI

	1C/1A
	RA-RNTI

	0
	Temporary C-RNTI

	0/1A
	C-RNTI

	3/3A
	TPC-PUCCH-RNTI

	3/3A
	TPC-PUSCH-RNTI

	1C

	eIMTA-RNTI
(if configured with eIMTA)


From the UE complexity point of view, this requires 12 additional blind decoding attempts for the pSCell CSS.
References
[1] 3GPP TR36.842, “Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Higher Layer Aspects (Release 12)”.

[2] RP-132069, NTT DoCoMo, NEC, “New Work Item description: Dual Connectivity for LTE,” RAN#62, Busan, Korea, Dec. 2013.

3

Page 2 of 4

