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1 Introduction
At RAN Plenary #58, a study item (SI) for enhancements to small cells for LTE was agreed and described in [1]. One objective of the SI is to evaluate the possible benefits of dual connectivity to more than one eNB, i.e. a MeNB and a SeNB. RAN2 has determined that inter-eNB aggregation shows technology potential in terms of per-user throughput, which potential motivates looking into possible impacts to the protocol architecture. A number of observations and possible alternatives for both the user plane and the control plane are already described in TR 36.842 [2].

During RAN2#83 [3], a baseline assumption was agreed for the control plane, whereby there is no termination for the RRC protocol in the SeNB towards the UE for dual connectivity.
During RAN2#83 [3], the different user plane alternatives were further discussed. It was decided that alternatives 2D and 3A are no longer considered. Further discussions aiming to limit the number of alternatives are still needed to determine which of alternatives 1A, 2A/C, and 3C/D should be further considered and/or selected as the baseline architecture for the user plane.

This contribution further discusses MAC aspects of dual connectivity that are not expected to be impacted by the user plane architecture or, if it could be the case, such is clearly identified.
2 MAC Aspects of Dual Connectivity
This section lists MAC functions that may be impacted when supporting dual connectivity.

A set of assumptions is first listed below, and is used as baseline for the analysis:

· Independent schedulers: It is assumed that the schedulers in the MeNB and in the SeNB do not exchange dynamic scheduling-related information over the Xn interface;

· Separate MAC instances: It is assumed that a UE configured with dual connectivity for the purpose of inter-eNB aggregation of physical resources instantiates a separate MAC instance for each Uu interface;

· Independent HARQ entities: It is assumed that each MAC instance has its own HARQ entity with its own set HARQ processes, where each HARQ entity operates independently from each other;

· No inter-MAC scheduling: It is assumed that cross-carrier scheduling is not applicable across cells associated to different eNBs;

· LTE CA per MAC-instance: it is assumed that the LTE CA principles can generally apply per MAC instance, although whether or not it may represent a practical use case could be discussed.

· PUCCH: In addition to the PUCCH of the PCell associated to the MeNB, it is also assumed that the UE may be configured to perform PUCCH transmissions on the resources of at least one cell of the SeNB (as a consequence of the above assumptions related to the scheduling and dynamic information).

In this contribution, dual connectivity mainly refers to a configuration for inter-eNB resource aggregation. In addition, the Primary MAC refers to the MAC instance associated to one or more cells of the MeNB. Consequently, the Secondary MAC refers to the MAC instance associated to one or more cells of the SeNB.
2.1 PCH/BCH Reception

A UE may be connected with dual connectivity only when it has an established RRC connection with a MeNB. The MeNB is responsible for connectivity (configuration that adds, modify or remove cells) of the UE towards the SeNB. There is thus no need for the UE to monitor for paging for the purpose of DL data arrival in the SeNB. 

In addition, according to the selected architecture for the control plane, the UE does not terminate the RRC protocol towards the SeNB. From the UE’s perspective, the modeling of the (re-)configuration procedure follows that of the procedure used for LTE CA; the UE will thus receive the initial system information using dedicated signaling. For an eventual update to the system information, one difference with LTE CA is the presence of the non-ideal Xn interface which may introduce delay for the procedure. However, system information update is expected to be a rare occurrence for which the MeNB and the SeNB will have means to synchronize such that dedicated signaling can still be used.
· The same principles as for LTE CA should be applied for BCH/PCH reception (including reception of paging and update of the System Information) for cell(s) associated to the SeNB.

Proposal 1: 
As a working assumption for further work, the UE does not need to receive PCH/BCH for any cells of the SeNB when configured for dual connectivity.
2.2 TTI bundling

TTI bundling is mainly applicable for VoIP service in coverage limited scenarios. TTI bundling is applicable only to PCell operation and is not supported SCells in LTE R11 CA.
For dual connectivity with independent MAC instances, whether or not TTI bundling should be supported depends on the modeling of the cells of the SeNB such as whether or not there is a special cell also associated to the SeNB operation for e.g. PUCCH transmission, RLM/RLF, activation/deactivation, Semi-Persistent Scheduling, TTI bundling etc. However, it is expected that a UE would not be configured and active with a cell of a SeNB in a coverage limited situation, especially not for a cell with a small radius. It is also expected that VoIP services are better handled by the MeNB. Given this, there is no strong motivation to support TTI bundling for a cell of the SeNB with dual connectivity.

· There is no strong motivation to support TTI bundling for a cell of the SeNB with dual connectivity.
Proposal 2: 
As a working assumption for further work, configuration for TTI bundling operation is not applicable for a cell associated to a SeNB for a UE configured for dual connectivity.
2.3 Scheduling-related aspects

2.3.1 Cross-Carrier Scheduling

LTE R11 CA supports cross-carrier scheduling, whereby transmissions in a SCell may be scheduled by (exactly one) other cell of the UE’s configuration (typically the PDCCH of the PCell). This is possible given the single scheduler in the network and the single MAC instance in the UE.
For dual connectivity, cross-carrier scheduling is still possible per MAC instance. However, given the coordination required across different schedulers to perform inter-eNB cross-carrier scheduling and also given the presence of the non-ideal Xn interface, such form of cross-carrier scheduling is not applicable.
· Given the presence of the non-ideal Xn and the use of independent schedulers for dynamic aspects of scheduling, cross-carrier scheduling across cells of different MAC instances is not applicable.

Proposal 3: 
As a working assumption for further work, cross-carrier scheduling across MAC instances is not applicable for a UE configured for dual connectivity.
2.3.2 Semi-Persistent Scheduling (SPS)

SPS is mainly useful for VoIP services in a situation where the PDCCH load in a cell is high. SPS is applicable only to PCell operation, i.e. it is not supported SCells for LTE R11 CA.
For dual connectivity with independent MAC instances, whether or not SPS should be supported depends on the modeling of the cells of the SeNB e.g. whether or not there is a special cell also associated to the SeNB operation for e.g. PUCCH transmission, RLM/RLF, activation/deactivation, Semi-Persistent Scheduling, TTI bundling, downlink pathloss reference, timing reference, etc.
It is expected that PDCCH load for a cell of a SeNB is somewhat lower than that of a MeNB due to a smaller cell size, implying a smaller number of UEs being served concurrently in the cell. It is also expected that VoIP services are better handled by the MeNB. There is thus no strong motivation to support SPS for a cell of the SeNB with dual connectivity.

· There is no strong motivation to support SPS for a cell of the SeNB with dual connectivity.

Proposal 4: 
As a working assumption for further work, configuration for SPS operation is not applicable for a cell associated to a SeNB for a UE configured for dual connectivity.
2.3.3 Radio Network Temporary Identifier (RNTI)

Dual connectivity should not lead to any possible RNTI collisions for any UE operating in a given cell. 

As discussed in other sections of this contribution, there are a number of RNTI types that should not be applicable for any cells associated to the SeNB. Such RNTI types include P-RNTI, SI-RNTI and SPS-RNTI.
However, for other types of RNTIs (i.e. RA-RNTI, Temporary C-RNTI, C-RNTI, TPC-PUxCH-RNTI), care should be taken to avoid any possible collisions. In particular, if those RNTI types are defined as UE-specific, this would create restrictions and additional coordination requirements between the MeNB and the SeNB to avoid such collisions.

Rather, those RNTIs should be specific to a given MAC instance, such that each eNB is responsible for their allocation.

· RNTI collisions should be avoided by ensuring that C-RNTI, Temporary C-RNTI, RA-RNTI, TPC-PUxCH-RNTI are specific per MAC instance and entirely controlled by their respective eNBs, i.e. the SeNB determines the allocation for those RNTIs for the Secondary MAC instance.

Proposal 5: 
As a working assumption for further work, C-RNTI, Temporary C-RNTI, RA-RNTI, TPC-PUxCH-RNTI are specific to each MAC instance for a UE configured for dual connectivity.
2.3.4 Discontinuous Reception (DRX)

DRX with LTE R10 CA follows the same pattern for all cells of the UE’s configuration i.e. DRX is UE-specific. With dual connectivity, it may no longer be possible given the presence of the non-ideal Xn and the schedulers no sharing dynamic scheduling information. Cross-MAC interactions in the UE should also be minimized as much as possible.
· Given the presence of the non-ideal Xn and the use of independent schedulers for dynamic aspects of scheduling, DRX operation should be independent for each MAC instance.

Proposal 6: 
As a working assumption for further work, DRX is independent for each MAC instance for a UE configured with dual connectivity.
2.3.5 Activation / Deactivation of Cells

For LTE CA, SCells may be deactivated while the PCell is always activated. Activation/deactivation commands may be received on a transmission on any of the active cells. With dual connectivity with independent schedulers, one question is whether or not an activation/deactivation command may still be received on any of the active cells of the UE’s configuration. This would require additional coordination requirements between the MeNB and the SeNB from the perspective of the synchronization of the activation state for the cells associated to the SeNB.
Another question is whether or not all cells associated to the SeNB may be in a deactivated state. The latter may also depend on whether or not there is a special cell also associated to the SeNB operation for e.g. PUCCH transmission, RLM/RLF, activation/deactivation, Semi-Persistent Scheduling, TTI bundling, downlink pathloss reference, timing reference, etc. One alternative could be a rule where as long as one cells associated to the SeNB is active, the cell configured with PUCCH is also activated. One implication is that the first cell configured and associated to a SeNB would initially be in activated state.
· Given the presence of the non-ideal Xn and the schedulers no sharing dynamic scheduling information, our view is that activation/deactivation commands and deactivation timer should be independent for each MAC instance i.e. there is no cross-MAC signaling or interactions for activation/deactivation purposes.

Proposal 7: 
As a working assumption for further work, activation and deactivation commands and deactivation timer are independent for each MAC instance for a UE configured with dual connectivity.
2.4 Aspects related to Control Information in the Uplink

2.4.1 Buffer Status Reporting (BSR) and Scheduling Requests (SR)
For RBs (DRBs and SRBs) associated to either only the Primary MAC instance or to only the Secondary MAC instance (i.e. for bearers for which bearer split and multi-flow operation is not applicable), each scheduler can operate independently and BSRs sent on a resource of the corresponding eNB need only carry data available for transmission for the concerned bearers. In other words, in this case, the BSR triggers and contents can simply be MAC-specific. 

However, as shown in [5], it may be beneficial for throughput benefits to select a UP architecture that supports bearer split at the MeNB, at least for downlink traffic. If in addition it is decided that such bearer split is also applicable for the uplink, additional modifications may be needed for the BSR.

More specifically, BSR-related rules are needed for a DRB configured for multi-flow operation for the uplink direction such that the MeNB and the SeNB schedulers do not overprovision the grants to the concerned UE. How this would be realized should be FFS, and should be discussed only once the UP architecture is settled and depending on whether or not a bearer split architecture is applicable for the uplink direction. There may also be impacts to the SR procedure.
· For RBs (DRBs, SRBs) that are associated to cells of at most one eNB, the BSR/SR logic should be specific to the concerned MAC instance. Other BSR aspects should be FFS until further decisions on UP architecture are taken.
2.4.2 Power Headroom Reporting (PHR)

For the PHR, one aspect is what to report depending on whether simultaneous transmissions or some form of TDM operation are supported. Possibly, different combinations of PUSCH and PUCCH may need considerations.

New triggers may also be needed, which triggers may or may not be specific to each MAC instance.

However, the topic of PHR should be left FFS until further decisions on support for uplink transmissions take place.
· Whether or not there is an impact to the PHR reporting depends on whether or not simultaneous transmissions to cells of more than one eNB are supported for one or more combinations of PUCCH and PUSCH.

2.5 Aspects related to Uplink Transmissions

2.5.1 Random Access Procedure

For LTE R11 CA, the random access procedure for SCell is NW-initiated for the purpose of obtaining uplink timing alignment only. The UE transmits the preamble on the PRACH of the SCell, while the corresponding RAR is received on the PCell. The network is responsible for avoiding RA-RNTI collisions on the CSS of the PDCCH of the PCell.

With dual connectivity, one question is whether or not it is desirable to keep a similar modeling for the random access procedure for cells associated to the SeNB. This may also depend on whether or not there is a need for a special cell also associated to the SeNB operation for e.g. PUCCH transmission, RLM/RLF, activation/deactivation, Semi-Persistent Scheduling, TTI bundling, downlink pathloss reference, timing reference, etc.

In the likelihood where the UE may autonomously trigger SR to inform the MeNB and the SeNB of new data arrival separately for each MAC instance, a UE-initiated preamble transmission should be supported also for the Secondary MAC instance, at least for the purpose of RA-SR.

In any case, given the presence of independent MAC schedulers and the non-ideal Xn interface, the UE should receive the RAR associated to a preamble transmission on the resources of a cell associated to the SeNB also on a cell of the SeNB. RAR reception for the Secondary MAC instance may then be either on the same cell as the one used for the preamble transmission, or it is may be on a special cell associated to the SeNB.

· The Secondary MAC instance should support both the contention-based (at least for RA-SR) and contention-free random access, both the NW-initiated and the UE-initiated trigger for the random access procedure, as well as PDCCH CSS decoding for RA-RNTI and RAR reception on the resources of a cell associated to the SeNB.
In other words, the random access procedure for at least one cell of the SeNB should follow the PCell’s principles, and not those of the SCell’s procedure.

Proposal 8: 
As a working assumption for further work, the Secondary MAC instance supports the random access procedure according to the current PCell behavior at least for one cell associated to the SeNB, for a UE configured with dual connectivity.
2.5.2 Uplink Timing Alignment

For UL TA, one question is whether or not the LTE CA R11 Timing Advance Group (TAG) may be reused with dual connectivity without any modification. Another aspect is that the DL timing reference to use may be restricted to one cell associated to the SeNB i.e. the PCell may no longer be applicable as a DL timing reference in this case.

The UE behavior upon TA Timer (TAT) expiration may also require some modifications. In LTE CA R11, when the TAT associated to a Secondary TAG (STAG) expires, dedicated resources for the STAG are revoked. When TAT of Primary TAG (PTAG) expires, the TAT of the STAG is also considered expired.
With dual connectivity, the presence of independent scheduling in the network implies that PUCCH transmissions are applicable for at least one cell associated to the SeNB. A first question would then be whether or not it may be assumed that all cells associated to the MeNB may be configured as the PTAG and all other cells as the STAG. If not, it may be necessary to make the TA grouping and related behavior MAC-specific.
However, it seems difficult to conceive that UEs would implement more than 2 TAGs in the near future, given the implied UE complexity of suchMAC-specific TA grouping.

· Each MAC instance should be configured with a single Timing Advance Group (TAG), which associated behavior corresponds to the LTE R11 CA for the Primary TAG.

Proposal 9: 
As a working assumption for further work, the UE behavior related to maintenance of uplink timing alignment is MAC-specific, and each MAC instance follows the behavior associated with the Primary TAG as specified for LTE R11. UE behavior for Secondary TAG is not applicable with dual connectivity.
2.5.3 Logical Channel Prioritization (LCP)

For RBs (DRBs and SRBs) associated to either only the Primary MAC instance or to only the Secondary MAC instance (i.e. for bearers for which bearer split and multi-flow operation is not applicable), each scheduler can operate independently and the LCP may be specific to each MAC instance.

However, as shown in [5], it may be beneficial for throughput benefits to select a UP architecture that supports bearer split at the MeNB, at least for downlink traffic. If in addition it is decided that such bearer split is also applicable for the uplink, additional modifications may be needed for the LCP.

More specifically, LCP logic may need to consider contention between a bearer configured for multi-flow and a bearer that is only mapped to a single MAC instance, when a transport block is available for the concerned MAC instance. Possibly, in this case, rules may only be needed for bearers of equal priority. One possible way to avoid complexity is for the network to ensure that any multi-flow bearer is configured with a different priority than any other bearer.
How LCP needs to be adapted should be FFS; it should be discussed only once the UP architecture is settled and, in particular, if it is decided that a bearer split architecture is applicable for the uplink direction.
· For RBs (DRBs, SRBs) that are associated to cells of at most one eNB in the uplink direction, the LCP logic should be augmented to address contention for a transport block with a bearer associated only to the concerned MAC instance. However, LCP should be left FFS until further decisions on UP architecture are taken. 
3 Conclusion

RAN2 should discuss the above MAC-related aspects and agree to the proposals above.

In addition, and as a consequence of the above proposals, RAN2 should discuss and also agree to the following:

Proposal 10: 
As a working assumption for further work, at least one cell associated to a Secondary MAC instance should be defined as a special cell at least for the purpose of PUCCH configuration, DL timing reference and reception of RAR for random access for a UE configured with dual connectivity.

Proposal 11: 
As a working assumption for further work, the special cell associated to the Secondary MAC instance is activated upon a reconfiguration that adds the cell to the UE’s configuration, and remains activated until the UE receives a reconfiguration that removes the cell.

Proposal 12: 
As a working assumption for further work, the reconfiguration procedure may be applied independently for each MAC instance i.e. the RRC processing delay is only applicable to the concerned MAC instance.
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