3GPP TSG-RAN WG4 Meeting #72
R4-144498
Dresden, Germany, 18 – 22 Aug, 2014 
Source: 
Huawei, HiSilicon
Title: 
Analysis on synchronised and unsynchronised scenario in Dual Connectivity
Agenda Item:
7.14.3
Document for:
Discussion
1 Introduction
A way forward on Dual connectivity capability was agreed in last RAN4#71AH meeting [1].
	Definition
· Synchronized scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 33us. 
· Unsynchronised scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 500us.
If the maximum received subframe boundary timing difference at the ue is less than 33us, it is FFS
Companies are encouraged to investigate the followings until RAN4 #72
· Requirements for both synchronised scenario and unsynchronised scenario
· What is difference between synchronised scenario and unsynchronised scenario
· RF, RRM core requirement, and implementation aspects should be taken into account 
· How much impact on core requirements and implementation is expected due to such the difference



In this contribution we provide our analysis on the synchronised and unsynchronised scenario in Dual Connectivity.
2 Discussion                 
2.1 RF 
As we know, for intra-band contiguous and non-contiguous CA, the UL CCs are assumed to share a common PA. In unsynchronised scenario, Pcmax related issue rises. Since there is big time difference between two UL CCs (i.e., less than 500us) in unsynchronised scenario, the power in one subframe is not stable from UE side. Thus how to define Pcmax become a new issue. It could not be resolved in Rel-12. 
Observation1: Unsynchronised scenarios are not supported in intra-band contiguous and non-contiguous DC in Rel-12.

In Rel-12, 2DL+2UL inter-band DC is supported. In unsynchronised scenario new Pcmax definition for inter-band dual connectivity needs to be specified in TS 36.101. This new definition may depend on that whether UE have the capability of look-ahead or not [2]. How to define this new Pcmax has not been decided so it is better to separate synchronized and unsynchronized capability.
Observation2: it is better to separate synchronized and unsynchronized capability for inter-band DC..

In DC, a multiple RX/TX UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal backhaul over the X2 interface. Thus in our understanding, the non co-located scenario is the typical case. As we discussed in [3], if non co-located scenario is the precondition, the intra-band DC would be excluded. In addition, 2UL_2DL inter-band CA is ongoing discussion in RF subgroup. Thus we propose that it could narrow down to inter-band 2UL_2DL DC in R12. 
Proposal1: Only inter-band 2UL_2DL DC shall be considered in R12 and synchronized and unsynchronized operations needs to be distinguished.
2.2 Demodulation performance
For the BS, no new demodulation performance requirements should be specified and the existing requirements are applicable to the eNB which is configured as either MCG or SCG, because there is no change of physical channels in uplink.
For the UE, the similar demodulation performance requirements for CA UE could be reused with the modification of applicability rules, which are related to the discussion conclusions on DC UE scenarios and capability. Currently, we use the indication like CL_A-A and CL_C to specify the applicability rules to some extent.
From the aspects of UE demodulation performance requirements, there would be one difference between UE only supporting synchronised scenario and UE capable to support unsynchronised scenario, namely, the larger timing delay between the carriers of MCG and SCG like 0.5ms would need to be set for the test to verify whether the UE implementation is able to support the unsynchronised scenario. One special test case would be needed just like what RAN4 did for inter-band CA test. The other test cases could be shared between synchronised case and unsynchronised case.
Observation3: No new BS demodulation performance requirement is needed in DC.

Observation4: In principle the CA UE demodulation performance requirements could be reused for DC UE with the modification of applicability rules.
Observation5: The special test case with larger timing delay between carriers of MCG and SCG would be needed to verify the UE implementation supporting the unsynchronised scenario.

Proposal2 : No new BS demodulation performance requirement is needed in DC, however synchronised operation and unsynchronised operation has some difference in UE implementation point of view.
2.3  RRM
Unsynchronised scenarios
Unsynchronised scenario means the case where the maximum received subframe boundary timing difference at the UE is larger than 33us and less than 500us. The unsynchronised scenario in DC would have some impact on the RRM core requirements.
· Interruptions
The existing requirements related to the interruptions on PCell that are allowed for a E-UTRA CA capable UE when its SCell is added, released, activated or deactivated and measurements are specified in section 7.8. In DC scenario, the PSCell configuration will also introduce interruption on PCell. 
Taking SCell activation as an example, as we know the SCell activation action shall take 1ms in inter-band CA case. In DC if MeNB and SeNB is not unsynchronised which including 2 cases as figure 1 depicted (timing of MeNB is ahead and timing of SeNB is ahead), the interruption in PCell will be 2ms since the subframe boundary is not aligned between MeNB and SeNB. 
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Proposal3: In unsynchronised DC scenario, the interruption on PCell shall be up to 2ms when its SCell is added, released, activated or deactivated, measurements and PSCell is added, released and measurements.
· Measurement gaps

The measurement gap requirements should considered the synchronized and unsynchronized cases for both FDD and TDD. More detailed can be found in our companied paper in R4-144495. The main proposals for unsynchronized case are
Proposal 4: The non-scheduling period of MCG and SCG in network and UE side is 6ms and 7ms respectively for unsynchronized FDD.

Proposal 5: The existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG for unsynchronized FDD when the maximum received subframe boundary timing difference at the UE is less than 33us.
Synchronised scenarios
In DC, synchronised scenario could be regarded as a special and simple case of the unsynchronised scenario. 
· Interruptions
Because of the strict synchronization between MeNB and SeNB, the interruptions could still reuse the requirements in CA since the component carriers are assumed to be synchronised in CA. 
Proposal 6: In synchronised DC scenario, the interruption on PCell could remain 1ms.
· Measurement gaps
If RAN2 agreed the common GAP, then existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG
Proposal 7: In synchronised DC scenario, the existing gap configuration can be reused.
3 Conclusions
In this contribution, the synchronised and unsynchronised scenario in Dual Connectivity is discussed from RF, demodulation and RRM aspects. 
Proposal1: Only inter-band 2UL_2DL DC shall be considered in R12 and synchronized and unsynchronized operations needs to be distinguished.
Proposal1: Only inter-band 2UL_2DL DC shall be considered in R12 and synchronized and unsynchronized operations needs to be distinguished.
 Proposal3: In unsynchronised DC scenario, the interruption on PCell shall be up to 2ms when its SCell is added, released, activated or deactivated, measurements and PSCell is added, released and measurements.

Proposal 4: The non-scheduling period of MCG and SCG in network and UE side is 6ms and 7ms respectively for unsynchronized FDD.

Proposal 5: The existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG for unsynchronized FDD when the maximum received subframe boundary timing difference at the UE is less than 33us.
Proposal 6: In synchronised DC scenario, the interruption on PCell could remain 1ms.

Proposal 7: In synchronised DC scenario, the existing gap configuration can be reused.
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