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1. Introduction

In RAN#62 plenary meeting, WID proposal related to dual connectivity is approved [1]. In the RAN2 discussion and decisions so far, there are two groups of cells for dual connectivity; one is Master Cell Group (MCG) which consists of serving cells associated with Master eNB (MeNB), and the other is Secondary Cell Group (SCG) which consist of serving cells associated with Secondary eNB (SeNB). Within SCG, a cell called “special SCell” does the similar operation as PCell in legacy CA as follows [2]

	The SeNB has to have one special cell containing at least PUCCH, and potentially also some other PCell functionality. However, it is not necessary to duplicate all PCell functionality for the special cell.


In this contribution, we discuss the issues to be handled from RAN1 perspective other than power control [3] to support dual connectivity based on the RAN2 discussion and decisions so far.
2. Remaining issues of dual connectivity
2.1. Common search space in SCG

Following the RAN2 discussion and decisions on dual connectivity, random access response corresponding to the random access of a UE on SCG should be scheduled within SCG as follows [4].
	    Msg2 is sent from the eNB to which the preamble was sent.


Therefore, at least common search space for transmission of PDCCH with RA-RNTI should be supported in SCG. On the other hand, within SCG, we may not need to deviate from Rel-10 CA design which allows common search space only on PCell. That is, common search space for PDCCH with RA-RNTI can be only on special SCell within SCG. Moreover, PDCCH with C-RNTI, PUSCH-TPC-RNTI and PUCCH-TPC-RNTI for the UE can be also transmitted on the common search space on special SCell since it doesn’t increase the UE’s PDCCH blind detection complexity. Meanwhile, the necessity/decision of monitoring other RNTI’s on the common search space on special SCell should be up to RAN2 discussion.
Suggestion 1: Agree with the followings on the common search space monitoring on SCG
· UE monitors common search space on special SCell in SCG to detect RA-RNTI, C-RNTI and PUSCH-TPC-RNTI, PUCCH-TPC-RNTI

· It is up to RAN2 discussion if UE should monitor other RNTIs on common search space on special SCell in SCG

2.2. UE decoding capability

In LTE Rel-10/11 CA design, it was assumed eNB scheduler can coordinate the number of TB bits and the required soft buffer sizes for PDSCHs scheduled in a subframe over multiple aggregated cells so that UE’s decoding capability defined in the signalled UE category should not be exceeded. Such kind of fast coordination would be difficult between MeNB and SeNB which are connected with non-ideal backhaul in dual connectivity. Therefore, we should consider how to handle the PDSCH scheduling across MeNB and SeNB not to exceed the UE’s decoding capability.
· Maximum number of DL-SCH TB bits within a TTI

According to the UE category definition, UE may not be able to decode more number of DL-SCH TB bits within a TTI than defined in Table 4.1-1 in TS36.306 [5]. Therefore, in dual connectivity, there may be an issue to be taken care if MeNB and SeNB cannot coordinate so that PDSCH scheduling to a UE in a TTI may exceed the UE decoding capability, However, if MeNB scheduler and SeNB scheduler can coordinate with an implicit manner not to exceed maximum DL-SCH TB bits for a UE, special handling in the specification may not be necessary. Still, it should be discussed if UE can always assume that its decoding capability is not exceeded.
Suggestion 2: It should be discussed if it can be assumed that network implementation can guarantee actual transmission should not exceed UE’s capability on the maximum number of DL-SCH TB bits within a TTI in dual connectivity. 
· Total number of soft channel bits

LBRM for PDSCH is performed using the total number of soft channel bits derived from the signalled UE category and the corresponding parameters defined in Table 4.1-1 in TS36.306 [5]. Since MeNB and SeNB may not be able to coordinate PDSCH scheduling in a dynamic manner so that total number of soft channel bits scheduled over MeNB and SeNB should not exceed the UE capability, the UE’s total soft buffer size should be divided in a static or semi-static manner. Since eNB and UE should be aligned in the LBRM of PDSCH for correct decoding, UE should also know how its soft buffer should be divided between MeNB and SeNB. Otherwise, UE’s soft buffer capability should be guaranteed not to be exceeded by the network in an implicit manner without known to the UE, which seems to be difficult at the moment.
Suggestion 3: UE soft buffer capability for PDSCH decoding should be divided between MeNB and SeNB in a static or semi-static manner, which should be known to UE for correct LBRM.
2.3. Duplex modes
Regarding duplex modes in dual connectivity, the following has been agreed in RAN2 [2].
	1  MCG and SCG may operate either in the same or in different duplex schemes.

    1a
Whether cells within the MCG or the SCG can operate with different duplex schemes is pending RAN1 decision on TDD/FDD carrier aggregation.


Considering the current RAN1 specification works on TDD-FDD CA, there seems to be no reason not to support different duplex schemes within MCG or SCG. Therefore, we suggest the following.
Suggestion 4: CA of cells with different duplex modes (TDD/FDD) can be supported within MCG or SCG
2.4. Simultaneous UL transmission

Even though current RAN2 works on dual connectivity focuses on dual RX/TX capable UEs, it should be considered whether UE can always transmit on both MeNB and SeNB simultaneously, especially when the UE requires high transmit power for transmission of PUSCH/PUCCH/SRS/PRACH to MeNB. For example, if the UE resides on edge of the MeNB cell coverage while being connected to a SeNB, transmission on MeNB may prohibit transmission to the SeNB due to the lack of total transmit power. To avoid this problem, network may be planned in such way that MeNB cell coverage is shrunken for the UEs in dual connectivity. However, this solution may not be always acceptable unless existing macro cell planning can be changed to support dual connectivity with small cell layer. Another approach is applying TDM of UL transmission between MeNB and SeNB or allocating different maximum allowed transmit power between MeNB and SeNB per subframe. This approach can be effective especially in case of FDD MeNB and TDD SeNB (or vice versa), since UE doesn’t transmit anything in TDD DL subframes. Also, this would be necessary when dual connectivity is supported between macro and macro cells where uplink power is too limited to support simultaneous transmissions to both eNBs.
Suggestion 5: TDM of UL transmission or per-subframe maximum transmit power allocation between MeNB and SeNB can be considered to support dual connectivity over whole MeNB cell coverage

2.5. PUCCH offloading on SCell in CA scenarios

The following has been agreed as one of the objectives of dual connectivity WI [1] in RAN#62.

	· After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.


To estimate whether PUCCH offloading on SCell in CA scenarios can be introduced in Rel-12 or not, it should be discussed first how the dual connectivity functions can be reused to enable the PUCCH offloading. In general, we see two possible approaches in RAN1 perspective as follows.

Approach 1) PUCCH offloading based on the CA feature

· Concepts of MCG, SCG and special SCell as in dual connectivity are introduced to divide CA cells into two cell groups which support independent PUCCH transmission for HARQ-ACK and possibly CSI feedback in RAN1 specifications. All other functionalities (common search space only on PCell, power limitation handling over whole aggregated cells, single TAG operation, etc.) follows CA feature in principle while modification to some of the CA functionality may be considered if highly desirable.

Approach 2) PUCCH offloading based on the dual connectivity feature

· All RAN1 functionalities introduced for dual connectivity (CSS on SCG, power limitation handling over MCG and SCG, multiple TAG operation, etc.) are applied while modification to some of the dual connectivity functionality may be considered if highly desirable. On the other hand, higher layer architecture may not follow dual connectivity functionalities.
In our view, specification (if to be supported) of PUCCH offloading on SCell for CA scenarios should be confined within RAN1 specifications as much as possible and should not mandate dual connectivity functionalities in higher layers since deploying dual connectivity architecture only to support PUCCH offloading in CA scenarios isn’t likely to be practical. However, it seems unclear yet which one among those two approaches would be more efficient in the perspectives of specification efforts and system efficiency since dual connectivity is still under specification work.

Suggestion 6: Regarding PUCCH offloading on SCell for CA scenarios reusing PUCCH enhancement in dual connectivity, consider the following two approaches in RAN1 perspective, while further dual connectivity specification works seem necessary for the discussion on the feasibility of those approaches in Rel-12

· Approach 1) PUCCH offloading based on the CA feature

· Approach 2) PUCCH offloading based on the dual connectivity feature

3. Summary and conclusions
In this contribution, we discussed the issued to be handled from RAN1 perspective to support dual connectivity based on the RAN2 discussion and decisions so far. The suggestions can be summarized as follows.
Suggestion 1: Agree with the followings on the common search space monitoring on SCG
· UE monitors common search space on special SCell in SCG to detect RA-RNTI, C-RNTI and PUSCH-TPC-RNTI, PUCCH-TPC-RNTI

· It is up to RAN2 discussion if UE should monitor other RNTIs on common search space on special SCell in SCG

Suggestion 2: It should be discussed if it can be assumed that network implementation can guarantee actual transmission should not exceed UE’s capability on the maximum number of DL-SCH TB bits within a TTI in dual connectivity. 
Suggestion 3: UE soft buffer capability for PDSCH decoding should be divided between MeNB and SeNB in a static or semi-static manner, which should be known to UE for correct LBRM.
Suggestion 4: CA of cells with different duplex modes (TDD/FDD) can be supported within MCG or SCG
Suggestion 5: TDM of UL transmission or per-subframe maximum transmit power allocation between MeNB and SeNB can be considered to support dual connectivity over whole MeNB cell coverage

Suggestion 6: Regarding PUCCH offloading on SCell for CA scenarios reusing PUCCH enhancement in dual connectivity, consider the following two approaches in RAN1 perspective, while further dual connectivity specification works seem necessary for the discussion on the feasibility of those approaches in Rel-12

· Approach 1) PUCCH offloading based on the CA feature

· Approach 2) PUCCH offloading based on the dual connectivity feature
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