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1. Introduction
In [1], RAN1 related open issues are listed. In this contribution, we describe our views on the remaining issues on dual connectivity. The following issues are addressed.
· Details on UCI feedback mechanisms

· Application of the UCI feedback mechanisms to CA (e.g., SCell PUCCH for CA)

· Support of common search space in SCG serving cell(s)

· UE capability share/split

· Simultaneous Tx/Rx capability (whether or not to support half-duplex in dual connectivity)

2. Discussion on remaining open issues of dual connectivity 
2.1. Details on UCI feedback mechanisms 
In RAN1#76, the following items were agreed upon regarding UCI feedback mechanisms [2].

	· At least following schemes are supported

· At least the following, uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing


In the above, support of a scheduling request (SR) by PUCCH has not yet been approved. RAN1’s understanding is that whether to support SR by PUCCH is up to RAN2 decision.  
However, we believe that SR on PUCCH should be supported for both U-plane architectures 1A and 3C [3]. In 1A, for the bearer configured to SeNB, UE transmits on PUSCH, UL PDCP PDUs and RLC status report for DL RLC PDU toward SeNB, and it is obvious SR should be supported to achieve high throughput. In 3C, UE transmits on PUCCH, RLC status report for DL RLC PDU and optionally PDCP PDU toward SeNB, and even in this case SR should be supported. This is because, without SR on PUSCH, UE needs to perform RA procedure whenever RLC status report is triggered, which will de-gradate the DL throughput on SeNB. Therefore, full function of PUCCH including SR should be supported for SCG serving cell(s).

Regarding PUCCH formats, we consider all PUCCH formats should be supported on the SCG serving cell(s). Any UCI feedback operation by the SCG serving cell(s) should not be excluded. 

Another discussion point is whether or not to support any other new solutions for UCI feedback. In the first bullet in the RAN1#76 agreements, “At least” remains since other new solutions have not been precluded so far. However, we consider that the UCI feedback mechanisms already agreed upon above together with the SR on the SCG PUCCH would be sufficient for dual connectivity. These UCI feedback mechanisms work well in any dual connectivity scenarios; U-plane architecture 1A or 3C, synchronized or unsynchronized case, and so on, with the agreed baseline assumption that a dual connectivity UE has multiple Tx. On the other hand, other new solutions would only be applicable to some specific scenarios, e.g., U-plane architecture 3C only, synchronized case only, etc. Considering the limited time for specification work in Rel.12, we should give priority to solutions that are applicable to any dual connectivity scenario. If there is an urgent need to support other solutions, we could consider them afterwards.
Proposal 1:

· All existing UCI feedback mechanisms should be supported in SCG serving cell(s).
· Including SR on PUCCH
· UCI for MCG serving cell(s) is transmitted to the MeNB only.
· UCI for SCG serving cell(s) is transmitted to the SeNB only.
· All PUCCH formats should be supported in SCG serving cell(s).
2.2. Application of the UCI feedback mechanisms to CA
Application of UCI feedback mechanisms of dual connectivity to carrier aggregation is considered as a scope of the WID [3]. Since the main difference between dual connectivity and carrier aggregation is the backhaul assumption between cells, UCI feedback mechanisms for dual connectivity are designed so that the serving cells in different CGs can be independent, but from UE perspective, the backhaul provision (ideal or non-ideal) is invisible. Therefore, it is quite natural that the RAN1 designs of UCI feedback for dual connectivity could easily be applied to a carrier aggregation network. 

It is up to RAN2 how to signal/configure/apply PUCCH for SCell to carrier aggregation. Therefore, RAN1 could focus on specifying dual connectivity UCI feedback mechanisms. 
Proposal 2:

· RAN1 could focus on specifying dual connectivity UCI feedback mechanisms as described in Section 2.1.

· How to apply these mechanisms to carrier aggregation should be considered in RAN2.
2.3. Support of common search space in SCG serving cell(s) 
According to the LS from RAN2 [4], it was agreed to support random access response reception on the SCG serving cell(s). Thus, it is clear that common search space should be supported on the SCG serving cell(s) at least for random access purpose. The question here is what functionalities of CSS should be supported for SCG serving cell(s). Although the complete answer to this question will be made based on RAN2 further decision, RAN1 can solely start to discuss whether/how to support the functionalities related to random access, group TPC commands, and eIMTA reconfiguration signalling. 
Random access functions, i.e., RA-RNTI and temporary C-RNTI, should be supported, since there is no difference from random access on PCell. Regarding TPC commands, it could also be beneficial to support the function in some cases such as power control for periodically configured/transmitted signals/channels without an UL grant, e.g., CSI, SR, and SRS. Finally, regarding eIMTA, it is clear that eIMTA reconfiguration signalling is needed if SeNB operates dynamic TDD. Therefore, we propose that RAN1 confirms to support at least those functions for dual connectivity. Support of other functions should be considered based on further RAN2’s guidance.
Proposal 3:

· Common search space in SCG serving cell(s) should be supported.
· In the common search space in SCG serving cell(s), at least following are supported.
· RA-RNTI and temporary C-RNTI for random access procedure
· TPC-PUCCH-RNTI and TPC-PUSCH-RNTI for group TPC commands
· eIMTA-RNTI for eIMTA reconfiguration signalling
· FFS after RAN2 decision on other common search space functions
2.4. UE capability sharing/splitting
In [5], as per UE capability, layer 1 processing capability is specified, such as maximum number of DL-/UL-SCH transport block bits received within a TTI, maximum number of bits of a DL-/UL-SCH transport block received within a TTI, and total number of soft channel bits in DL. Since in the dual connectivity, UE is scheduled by the MeNB and SeNB independently, handling of these parameter values needs to be considered so that dual connectivity properly offers a throughput performance gain. One possibility would be to split those parameters between MCG and SCG in a semi-static manner. Another would be to reuse the current CA framework, i.e., those are not split between MCG and SCG. 
We consider that, without any coordination between the MeNB and SeNB, it would be difficult to schedule the DL/UL-SCH always appropriately so that the number of transport block bits within a TTI does not exceed the Layer 1 processing capability. Therefore, it would be safer to specify UE capability splitting mechanisms between MCG and SCG. Aggressive method such as UE capability sharing between MCG and SCG without splitting mechanisms should be considered on top of the agreement that the UE capability split is also possible depending on network preference. 

Proposal 4:

· Layer 1 processing capability splitting between MCG and SCG should be supported.
· Layer 1 processing capability sharing between MCG and SCG like CA could be considered after supporting splitting mechanisms.
2.5. Simultaneous Rx/Tx capability
For TDD inter-band CA, simultaneous Tx/Rx capability was specified to allow the UE implementation which does not support simultaneous transmission and reception in CA. Such UE is restricted DL reception / UL transmission timing by UL/DL configuration of PCell. However, in dual connectivity, handling of this type of UE would be quite complicated from network/eNB point of view. Therefore, even for TDD-TDD dual connectivity, all UEs should be assumed to be capable of simultaneous Rx/Tx.
Proposal 5:

· In dual connectivity, UEs should be assumed to be capable of simultaneous Rx/Tx between MCG and SCG.
3. Conclusion

In this contribution, we discuss open issues on dual connectivity other than transmit power control and propose the following.
Proposal 1:

· All existing UCI feedback mechanisms should be supported in SCG serving cell(s).
· Including SR on PUCCH
· UCI for MCG serving cell(s) is transmitted to the MeNB only.
· UCI for SCG serving cell(s) is transmitted to the SeNB only.
· All PUCCH formats should be supported in SCG serving cell(s).
Proposal 2:

· RAN1 should focus on specifying dual connectivity UCI feedback mechanisms as described in Section 2.1.

· How to apply these mechanisms to carrier aggregation should be considered in RAN2.
Proposal 3:

· Common search space in SCG serving cell(s) should be supported.
· In the common search space in SCG serving cell(s), at least following are supported.
· RA-RNTI and temporary C-RNTI for random access procedure
· TPC-PUCCH-RNTI and TPC-PUSCH-RNTI for group TPC commands
· eIMTA-RNTI for eIMTA reconfiguration signalling
· FFS after RAN2 decision on other common search space functions
Proposal 4:

· Layer 1 processing capability splitting between MCG and SCG should be supported.
· Layer 1 processing capability sharing between MCG and SCG similar to CA could be considered after supporting splitting mechanisms.
Proposal 5:

· In dual connectivity, UEs should be assumed to be capable of simultaneous Rx/Tx between MCG and SCG.
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