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1   Introduction
At RAN2#85bis/86 meeting, RAN2 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 how to split is still FFS.
In addition the LS from RAN1#77 [1] stated that: 
· 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”

· 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. 

RAN1 asks RAN2 to decide on the FFS point of UL-SCH and send the decision back to RAN1.
In this contribution we discuss how to provide UE capability restrictions for maximum DL-SCH/UL-SCH TB bits received within a TTI, and discuss the FFS point of UL-SCH according to the RAN1 LS [1].
2   Discussion
2.1   Inter-eNB RRC message for UE capability restrictions
Regarding the Inter-eNB RRC message containing  the parameters “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 ”, there are two options for the MeNB to grant these UE capability restrictions to the SeNB:

Option 1: provide the restriction with absolute value of the maximum number of TB bits received within a TTI for DL-SCH and UL-SCH

The maximum number of TB bits is UE category specific. For instance for DL the maximum number of TB bits within a TTI for category 3 is “102048”, but for category 8 the value is “2998560”. For future proof we have to design the restriction based on the maximum capability, i.e. UE category 8. For example, 

-- ASN1START

UE-RadioAccessCapabilityGrant-r12 ::=


SEQUENCE {


dl-TB-BitsWithinTTI-r12


INTEGER (0.. 2998560)


OPTIONAL,

ul-TB-BitsWithinTTI-r12


INTEGER (0.. 1497760)


OPTIONAL,

nonCriticalExtension



SEQUENCE {}





OPTIONAL

}
-- ASN1STOP

However in the future if a supper category UE is introduced, we have to update this part correspondingly. In addition with this solution the signalling overhead is large.
Option 2: provide the restriction with split ratio (relative values)
The design of the IE depends on the granularity of the split ratio, e.g. 0..20 with granularity 5% or 0..10 with granularity10%. For example,

-- ASN1START

UE-RadioAccessCapabilityGrant-r12 ::=


SEQUENCE {


dl-TB-BitsWithinTTI-r12



INTEGER (0..20),





OPTIONAL,

ul-TB-BitsWithinTTI-r12



INTEGER (0..20),





OPTIONAL,

nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

-- ASN1STOP

The SeNB calculates the actual restrictions of maximum DL-SCH/UL-SCH TB bits according to the split ratio and UE category. Considering that the complete UE capability information is provided to the SeNB, there is no additional complexity. 

The IE size of option 2 is much smaller than the size of Option 1. In addition, Option 2 is more flexible and future proof, as we do not need to extend this IE when we introduce a supper UE category in the future.

Therefore we propose:

Proposal 1: The MeNB provides the split ratio with granularity 5% to the SeNB for the maximum number of DL-SCH /UL-SCH TB bits received within a TTI.
2.2   FFS point of UL-SCH and other considerations
According to the RAN1 LS [1], if UE capability of “Maximum number of UL-SCH transport block bits transmitted within a TTI” is exceeded, RAN2 is asked to decide how to handle UL-SCH between the eNBs. 
The following cases need to be considered:

Case 1: SRBs are multiplexed on the UL-SCH of MCG
Case 2: one of the UL-SCH is carrying UCI

Case 3: both of the UL-SCHs are carrying UCI

Case 4: neither of the UL-SCHs is carrying UCI and no SRBs on the UL-SCH of MCG

Note: Case 1 may occur simultaneously with case 2 or case 3. 
RAN2 assumption in RAN2#85bis meeting is that “The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE”. 
For case 1, from RAN2 perspective we should guarantee the robustness for RRC message. Therefore the UL-SCH of MCG shall be treated as highest priority if it is carrying SRBs. 

For case 2, UL-SCH with UCI is also important. Therefore the UL-SCH shall be treated as second priority if one UL-SCH is carrying UCI.

For case 3/4, seems it can be left to UE implementation. UE implementation may prioritize one of the UL-SCH according to TB size and power situation etc. 

It is observed that some complexities exist if one of the UL-SCHs would be prioritized over the other. One example could be:
-
 Two MAC entities should interact for each TTI to evaluate whether the overall UL grants would exceed the “Maximum number of UL-SCH transport block bits transmitted within a TTI”;
- 
PHY entities of MCG and SCG interact with MAC entities on whether UL-SCHs are to carry UCI; 

-
MAC of MCG determines whether there are SRBs to be multiplexed; 
-
MAC entities decide whether one of UL-SCHs has high priorities based on above information.
Observation 1: UE complexity and processing load have to be significantly increased due to exceeding “Maximum number of UL-SCH transport block bits transmitted within a TTI”.
Similar situations also exist for the downlink if “Maximum number of DL-SCH transport block bits transmitted within a TTI” is allowed to be exceeded. For instance MAC entities shall interact for each TTI to find whether sum of DL-assignment would exceed UE DL capability. MAC entities also need to indicate MCG and SCG PHY entities to proceed or stop PDSCH receptions.
Observation 2: UE complexity and processing load have to be significantly increased due to exceeding “Maximum number of DL-SCH transport block bits transmitted within a TTI”.

RAN2 should discuss whether we can accept the additional UE complexity and processing load. It is understood that RAN1 allows the maximum UE capability to be exceeded because this situation may not happen frequently. RAN1 thinks that eNB may use the full value of UE capability if it knows the other eNB does not have DL-SCH/UL-SCH transmission to/from the UE in a TTI based on semi-static information [1]. This semi-static handling is sufficient, we do not see the clear benefits to have new mechanism of allowing exceeding the maximum UE capability dynamically considering the complexity.
Proposal 2: RAN2 is asked to discuss whether we can accept the additional UE complexity and processing load caused by allowing the exceeding of “Maximum number of UL-SCH transport block bits transmitted within a TTI” and “Maximum number of DL-SCH transport block bits transmitted within a TTI”.
If RAN2 can accept the additional complexity, there are mainly three options for handling of UL-SCH priority:
Option 1: Define the priority order of UL-SCH based on the carried information: SRB > UCI > DTCH traffic.

If both UL-SCHs are carrying UCI or no UL-SCH is carrying UCI (case 3&4), it could be left for UE implementation or one of the UCI may fall back to be transmitted on PUCCH. For example, UE may consider different handling for periodic and aperiodic UCIs, prioritizing BSR or PHR over DTCHs etc. 
Option 2: always prioritize UL-SCH on MCG.
Option 3: Left for UE implementation.
Considering option 2 is simpler than option 1 and has some benefits over option 3, we prefer to adopt option 2.

Proposal 3: UL-SCH on MCG shall always be prioritized.

For the downlink, RAN1 decided that it is up to UE implementation for prioritization among DL-SCHs if the “Maximum number of DL-SCH transport block bits transmitted within a TTI” is exceeded. It is observed that it may have a risk of dropping SRBs.

To avoid the above situation, a priority order of DL-SCH should be defined. Since UE would not know what information is carried before successfully decoding of DL-SCH, always prioritizing DL-SCH on MCG is the only way to avoid SRB dropping.
Proposal 4: DL-SCH on MCG shall always be prioritized.
3   Conclusion
In this contribution, we discuss how to provide UE capability restrictions for maximum DL-SCH/UL-SCH TB bits received within a TTI, and discuss the FFS point of UL-SCH according to the RAN1 LS [1]. We have following proposals and observations:
Proposal 1: The MeNB provides the split ratio with granularity 5% to the SeNB for the maximum number of DL-SCH /UL-SCH TB bits received within a TTI.
Observation 1: UE complexity and processing load have to be significantly increased due to exceeding “Maximum number of UL-SCH transport block bits transmitted within a TTI”.
Observation 2: UE complexity and processing load have to be significantly increased due to exceeding “Maximum number of DL-SCH transport block bits transmitted within a TTI”.

Proposal 2: RAN2 is asked to discuss whether we can accept the additional UE complexity and processing load caused by allowing the exceeding of “Maximum number of UL-SCH transport block bits transmitted within a TTI” and “Maximum number of DL-SCH transport block bits transmitted within a TTI”.
Proposal 3: UL-SCH on MCG shall always be prioritized.

Proposal 4: DL-SCH on MCG shall always be prioritized.
4   Reference
[1] R1-142784, “LS on Maximum Number of Transport Block Bits in Dual-Connectivity”, RAN1
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