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1 Introduction

The UE processing capabilities for dual connectivity was discussed through email after RAN1 #77 meeting and the following agreements were reached [1].
For the max # TB bits:

· At any time the sum of each of the two parameters below, as used in scheduling by MeNodeB and SeNodeB,  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 SeNodeB, which are in addition to the full values defined in UE category, are signaled in an  inter-eNB RRC message from MeNodeB to SeNodeB. 

· 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 MeNodeB over SeNodeB, prioritizing PUSCH containing UCI)

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

· It is RAN1 understanding that if the MeNodeB (or SeNodeB) 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 MeNodeB (or SeNodeB) implementation if the MeNodeB (or SeNodeB) chooses to use parameter (1) and/or (2) according to the full value defined for the UE category instead.
At the same time, an LS [2] was sent to RAN2, and the following reply was got from RAN2 [3]:
At RAN2#85bis RAN2 already agreed that for “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of UL-SCH transport block bits transmitted within a TTI ” the MeNB splits these UE capability restrictions between itself and the SeNB. However if RAN1 intends to allow overshoot, it is RAN2 opinion that the transmission to and reception from MCG is generally more important than to/from SCG as it may carry e.g. RRC control information. RAN2 does not intend to discuss this further.
In this contribution, the remaining issues regarding to UE processing capabilities in dual connectivity will be further discussed.
2 UE actions when the UE capabilities are exceeded
2.1 The UE capability of “Maximum number of DL-SCH transport block bits received within a TTI” is exceeded

In the email discussion, it is concluded that if the UE capability of “Maximum number of DL-SCH transport block bits received within a TTI” 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.

The agreement that the prioritization among DL-SCHs is up to UE implementation would bring potential problem to eNodeB implementation. For example, when the eNodeB finds the scheduled PDSCH is not received by the UE correctly, the eNodeB needs to judge whether it is due to (E)PDCCH missing or UE discarding PDSCH. For the former reason, the eNodeB may provide more resources for the scheduling indication, such as increasing the number of (E)CCE in the (E)PDCCH or allocating more power for the corresponding (E)PDCCH. For the latter reason, the eNodeB may decrease the number of scheduled transport block bits.  However, with the current conclusion, it is difficult for eNodeB to make decision on reasons and the solutions.

A possible approach to solve the problem is to have UE to report the ‘DL capability headroom’ in one CG to the eNodeB of another CG. The ‘DL capability headroom’ can be defined as the value of ‘Maximum number of DL-SCH transport block bits received within a TTI” minus the scheduled bits. If the value of UE capability headroom is small in one CG, the eNodeB of another CG can consider the possibility of UE discarding DL-SCH and choose proper solutions.
Observation 1: the agreement of ‘prioritization among DL-SCHs is up to UE implementation’ would bring potential problem to eNodeB implementation
Proposal 1: Support UE to report the ‘DL capability headroom’ in one CG to the eNodeB of another CG
2.2 The UE capability of “Maximum number of UL-SCH transport block bits transmitted within a TTI” is exceeded

When the capability of “Maximum number of UL-SCH transport block bits transmitted within a TTI” is exceeded, there are two alternatives according to the e-mail discussion.

· for UL-SCH in dual connectivity, FFS between: 
a. prioritizing one type of UL-SCH over another type (e.g., prioritizing MeNodeB over SeNodeB, prioritizing PUSCH containing UCI)

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

Prioritization among UL-SCHs 
If prioritization among UL-SCHs is up to UE implementation, the similar problem would occur in UL as addressed in section 2.1 for DL. That is when the eNodeB finds the scheduled PUSCH is not transmitted, the reason can be (E)PDCCH missing or the UE discarding UL-SCH, and it is difficult for the eNodeB to judge and choose proper solutions.
A similar approach can be considered for UE to report the ‘UL capability headroom’ of one eNodeB to another eNodeB. The ‘UL capability headroom’ can be defined as the value of ‘Maximum number of UL-SCH transport block bits received within a TTI” minus the scheduled bits.
Another possible approach is to have UE to report the UL data buffer state (BSR) of one CG to the eNodeB of another CG. If much data is to be transmitted in one CG according to the BSR indication, the eNodeB of another CG can also consider the possibility of UE discarding UL-SCH.
With predefined rules like prioritizing MeNodeB over SeNodeB, the MeNodeB may assume the absence of the scheduled PUSCH is not caused by the UE capability restriction and therefore take proper measures. The SeNodeB can also utilize the prioritization rules to decide the situation in the UE side. For example, if a lower prioritized PUSCH is successfully received, the SeNodeB may decide that the absence of a higher prioritized PUSCH is not due to the UE processing capability restriction. 
It needs to be considered whether to reuse the prioritization rules for uplink power control. When the UE capability is exceeded, the UE should decide which UL-SCH to be discarded before performing the UL power control. Though it seems the UE does not have to always reuse the power control rules, the principles to prioritize some channels or information in the power control discussion can be considered.

Observation 2: It would bring potential problem to eNodeB implementation if prioritization among UL-SCHs is up to UE implementation 
Proposal 2:  It needs to be considered to prioritize one type of UL-SCH over another type, or support UE to report BSR or ‘UL capability headroom’ of one CG to the eNodeB of another CG
Proposal 3: When the UE capability is exceeded, the UE should decide which UL-SCH to be discarded before performing the UL power control
UL-SCH discarding and handling of UCI

When two TBs are allocated in one PUSCH transmission and the “Maximum number of UL-SCH transport block bits transmitted within a TTI” is exceeded, it should be efficient if only discarding one of the two TBs transmissions can satisfy the required UE processing capability after the discarding.

Proposal 4: Discard one of the two TBs in PUSCH if the UE processing capability can be satisfied after the discarding.

When the UE capability of “Maximum number of UL-SCH transport block bits transmitted within a TTI” is exceeded, some PUSCH transmission has to be discarded at the UE side. When the PUSCH contains UCI, the handling of UCI needs to be considered. Discarding the UCI would degrade the DL transmission efficiency especially if the UCI is HARQ-ACK and related to PDSCH transmission of multiple cells. A possible solution is to fall back the key UCI information to PUCCH. Note that prioritizing UL-SCH containing UCI cannot prevent the case completely. A simple example is when UL-SCH in MeNodeB is with very large size and multiplexed with HARQ-ACK, the UL-SCH in SeNodeB would need to be dropped even if it is also multiplexed with HARQ-ACK.
Proposal 5: Fall back UCI information on PUCCH when the multiplexed UL-SCH is discarded due to UE processing capability restriction. 

3 UE processing capability sharing between two eNodeBs
According to section 2 of [1], one discussed topic of UE processing capability sharing between two eNodeBs is summarized as:
· 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.

· RAN1 discussed whether semi-static information of DRX configuration can be used for the situation to fully utilize UE capability or not. RAN1 does not have the conclusion on this.

As addressed in [4], in addition to the semi-static information such as TDD UL/DL configuration, an eNodeB does not have DL-SCH/UL-SCH transmission to/from the UE when the UE is asleep in the DRX cycle. According to the description of DRX procedure and figure 3.1-1 in [5], the DRX cycle is composed of a period of on duration time and a period of opportunity for DRX. A typical DRX Cycle is of several hundreds of subframes with tens of sumbframes configured to “onDurationTimer”. Then there are hundreds of subframes in one DRX Cycle that the UE can be asleep. Therefore it is beneficial for an eNodeB to fully utilize DL/UL UE processing capability when the UE is asleep in the CG of another eNodeB.
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Figure 1: DRX Cycle and UE DRX state
However, also according to [4], the exact time for the UE to be awake and fall back to asleep not only depends on the semi-static configured DRX parameters, but also depends on the DRX related timers which is related to the eNodeB scheduling decision, UE decoding UL data transmission requirements, and etc. An example is shown in Figure 1. The UE turns to be active from the beginning of this DRX cycle, keeps detecting PDCCH/EPDCCH from then on. As the UE successfully decodes the scheduling grants after the time of on duration configuration, the UE keeps active till t1. Then the UE turns to be asleep.  The timing of t1 depends on the scheduling and it can be at any time during the period of opportunity for DRX shown in Figure 1. 
In dual connectivity, the MeNodeB (SeNodeB) can get the information of “opportunity for DRX” period in SeNodeB (MeNodeB) according to the semi-static DRX configuration. But whether one eNodeB really does not have DL-SCH/UL-SCH transmission to/from the UE in a TTI also depends on the dynamic scheduling decision, UE decoding, UL data transmission in this eNodeB.
Observation 3: One eNodeB cannot know the other eNodeB does not have DL-SCH/UL-SCH transmission to/from the UE in a TTI only based on semi-static DRX configuration.

To facilitate the MeNodeB (or SeNodeB) use the full UE capability, it can be considered to have the UE to indicate the DRX state transition in one CG to the eNodeB of another CG. 
Taking the example in Figure 1, the UE can indicate to MeNodeB it will be asleep at t1 time in SeNodeB. After UE turns to active, the UE indicates to MeNodeB it is awake in SeNodeB. After MeNodeB gets the information that the UE is asleep in SeNodeB, it can use the full UE capability until it gets the information that the UE is awake in SeNodeB. MAC CE can be considered to indicate the DRX state transition. 

Proposal 6: MAC CE can be considered for one UE to report the DRX state transition in one CG to the eNodeB of another CG. 
4 Conclusions
In this contribution, how to handle UE processing capability for dual-connectivity is further discussed based on the email discussion results. We have the following observations and proposals:

Observation 1: the agreement of ‘prioritization among DL-SCHs is up to UE implementation’ would bring potential problem to eNodeB implementation

Proposal 1: Support UE to report the ‘DL capability headroom’ in one CG to the eNodeB of another CG
Observation 2: It would bring potential problem to eNodeB implementation if prioritization among UL-SCHs is up to UE implementation 
Proposal 2:  It needs to be considered to prioritize one type of UL-SCH over another type , or support UE to report BSR or ‘UL capability headroom’ of one CG to the eNodeB of another CG
Proposal 3: When the UE capability is exceeded, the UE should decide which UL-SCH to be discarded before performing the UL power control
Proposal 4: Discard one of the two TBs in PUSCH if the UE processing capability can be satisfied after the discarding.

Proposal 5: Fall back UCI information on PUCCH when the multiplexed UL-SCH is discarded due to UE processing capability restriction. 

Observation 3: One eNodeB cannot know the other eNodeB does not have DL-SCH/UL-SCH transmission to/from the UE in a TTI only based on semi-static DRX configuration.

Proposal 6: MAC CE can be considered for one UE to report the DRX state transition in one CG to the eNodeB of another CG. 
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