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1. Introduction
The discussion of Dual Connectivity started in RAN4 70 bis [1], and 0.5 TU was allocated for RAN4 performance part in this meeting. In this contribution, as a starting point, we provide preliminary analysis related to the demodulation performance requirements for Dual Connectivity. 
2. Discussion
Normal PDSCH test

Although Dual connectivity is similar to CA in terms of aggregating multiple component carriers, several new fundamental features were defined [2, 3]. In order to verify the appropriate UE behaviors related to the new features for DC, normal PDSCH tests for DC should be needed apart from normal PDSCH tests for CA. 

In order to verify the correct UE behavior under large timing difference such as 500 us, PDSCH tests with received timing difference between MCG and SCG should be introduced. If DC capabilities for synchronized case and for unsynchronized case are defined separately, we need to define two tests separately, that is, the test with 33 us received timing difference and that with 500 us received timing difference. If DC capability is not separated, it would be reasonable to specify the only 500 us received timing difference test since all UEs can operate in unsynchronized scenario.
Observation 1: Normal PDSCH tests for DC should be introduced apart from normal PDSCH tests for CA to verify the fundamental feature of DC.

Observation 2: If DC capabilities are divided into synchronized and unsynchronized cases, separate PDSCH tests with large received timing difference between MCG and SCG such as 33 us and 500 us should be introduced.

Observation 3: If DC capabilities are not separated, then, PDSCH tests with large received timing difference between MCG and SCG such as 500 us should be introduced.
Soft buffer test

Regarding the soft buffer for DC, it was agreed in RAN1 #77 meeting that the soft buffer mechanism defined for CA was reused [4]. This means that no new requirements for the soft buffer test for DC would be needed. 

Observation 4: No new requirements for the soft buffer test for DC would be needed.

PDCCH/PHICH test

Although it would be that PDCCH requirement defined for DC is basically reused, common search space on SCG serving cell may be supported in DC unlike CA. This topic is still under discussion in RAN1 [5], if RAN1 agrees the introduction of common search space on PSCell, this means that RAN4 would need to consider this new feature when we discuss the PDCCH test case. 

Observation 5: RAN4 would need to consider the new feature such as common search space on PSCell for  PDCCH test case if RAN1 agree this new feature.
Sustained data rate test
With regard to maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated, the agreements described in Annex A were agreed in RAN1 e-mail discussion [6, 7]. These agreements indicate that the sum of received DL-SCH transport block bits from MeNB and SeNB within a TTI may exceed the corresponding UE capability, but the UE behaviour in such case is up to UE implementation. We, therefore, do not need to consider the SDR tests in such case.
Another thing to be considerable in SDR tests is HARQ feedback for PDSCH of SCG, which is transmitted to the SeNB via PUCCH or PUSCH in PSCell unlike CA [8]. This means that the new feature is introduced in Layer 1 and Layer 2 process. RAN4, therefore, should introduce the SDR tests for DC even if the received maximum number of DL-SCH transport block bits is the same as that of CA. 
Observation 6: RAN4 should introduce the SDR tests for DC in order to verify the new Layer 1 and Layer 2 process such as HARQ feedback for PDSCH of SCG. 
PDSCH with User specific Reference signal, PBCH, PCFICH, and ePDCCH test 
According to the RAN1/RAN2 discussion related to DC, there is no agreement of PDSCH with the user specific reference signal. Thus, no new requirements for PDSCH test with user specific reference signal would be needed. 

Observation 7: No new requirements for PDSCH with user specific reference signal, PBCH, PCFICH, and ePDCCH tests would be needed for DC.
Reporting CSI test

In DC unlike CA, the CSI related to MCG can be reported to only MeNB and that related to SCG can be reported to only SeNB via PSCell [8]. This means that at least the following aspects should be verified in reporting CSI test for DC. Note that we do not intend to exclude any other aspects.
· To verify that UE can report the appropriate CSI value to appropriate eNB. That is, 
· UE can report CSI related to MCG to MeNB only 
· UE can report CSI related to SCG to SeNB only via PSCell.
Observation 8: New reporting CSI test for DC to verify at least the followings should be introduced.
· To verify that UE can report the appropriate CSI value to appropriate eNB. That is, 

· UE can report CSI related to MCG to MeNB only 
· UE can report CSI related to SCG to SeNB only via PSCell.
Considering the above observations as a starting point, RAN4 should discuss and analysis the details of demodulation test for CA in the next meeting. Note that, other aspects which is not discussed above are not excluded.

Proposal: RAN4 discuss and analysis the details of demodulation test for CA in the next meeting, considering the above observations as a starting point. Note that, other aspects which are not discussed above are not excluded.
3. Conclusion

In this contribution, we provided preliminary analysis related to the demodulation performance requirements for Dual Connectivity, as a starting point. 
Our observations are summarized as below.
Observation 1: Normal PDSCH tests for DC should be introduced apart from normal PDSCH tests for CA to verify the fundamental feature of DC.

Observation 2: If DC capabilities are divided into synchronized and unsynchronized cases, separate PDSCH tests with large received timing difference between MCG and SCG such as 33 us and 500 us should be introduced.

Observation 3: If DC capabilities are not separated, then, PDSCH tests with large received timing difference between MCG and SCG such as 500 us should be introduced.

Observation 4: No new requirements for the soft buffer test for DC would be needed.

Observation 5: RAN4 would need to consider the new feature such as common search space on PSCell for  PDCCH test case if RAN1 agree this new feature.

Observation 6: RAN4 should introduce the SDR tests for DC in order to verify the new Layer 1 and Layer 2 process such as HARQ feedback for PDSCH of SCG. 

Observation 7: No new requirements for PDSCH with user specific reference signal, PBCH, PCFICH, and ePDCCH tests would be needed for DC.

Observation 8: New reporting CSI test for DC to verify at least the followings should be introduced.

· To verify that UE can report the appropriate CSI value to appropriate eNB. That is, 

· UE can report CSI related to MCG to MeNB only 

· UE can report CSI related to SCG to SeNB only via PSCell.
Based on the above observations, we proposed as below.

Proposal: RAN4 discuss and analysis the details of demodulation test for CA in the next meeting, considering the above observations as a starting point. Note that, other aspects which are not discussed above are not excluded.
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Annex A
The agreements for the max # TB bits which were agreed in RAN1 e-mail discussion [6] are below.

For the max # TB bits:

· At any time the sum of each of the two parameters below, as used in scheduling by MeNB and SeNB,  may exceed the corresponding UE capability defined in the UE category

(1). “Maximum number of DL-SCH transport block bits received within a TTI” and 

(2). “Maximum number of UL-SCH transport block bits transmitted within a TTI”

· It is RAN1 understanding that RAN2 intends that the above parameters (1) and (2) to be used by SeNB, which are in addition to the full values defined in UE category, are signaled in an  inter-eNB RRC message from MeNB to SeNB. 

· If UE capability of parameters (1) or (2) is exceeded

· for DL-SCH in dual connectivity, prioritization among DL-SCHs is up to UE implementation. Soft buffer handling and ACK/NACK handling on deprioritized DL-SCHs are also up to UE implementation.

· for UL-SCH in dual connectivity, FFS between: 

a. prioritizing one type of UL-SCH over another type (e.g., prioritizing MeNB over SeNB, prioritizing PUSCH containing UCI)

b. prioritization among UL-SCHs is up to UE implementation. 

· It is RAN1 understanding that if the MeNB (or SeNB) knows the other eNB does not have DL-SCH/UL-SCH transmission to/from the UE in a TTI based on semi-static information (e.g., TDD UL/DL configuration), it is up to MeNB (or SeNB) implementation if the MeNB (or SeNB) chooses to use parameter (1) and/or (2) according to the full value defined for the UE category instead.
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