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1 Introduction
Following the discussions on the higher layer aspects of Small Cell Enhancement (SCE) in RAN2#82, an updated TR36.842 v0.2.0 was agreed [1]. While some of the topics are still under discussion in RAN2, this contribution provides the discussions on the potential impact to the physical layer resulting from the higher layer aspects of SCE.
2 Background
The major differences of SCE from the technologies in previous releases, e.g. Rel-11 Carrier Aggregation (CA) or HetNet, mainly come from the non-ideal backhaul assumption and the denser small cell deployment scenario. For instance, in the CA deployment scenarios in TS36.300 [2], an ideal backhaul, i.e. very high throughput and very low latency backhaul such as dedicated point-to-point connection using optical fiber, was assumed. Another aspect of SCE that needs to be considered is the denser small cell deployment scenarios.
In [1], a term “dual connectivity” is used to refer to an operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul. Furthermore, each eNB involved in dual connectivity for a UE may assume different roles. Those roles do not necessarily depend on the eNB’s power class and can vary among UEs. Two potential solutions for dual connectivity are identified – one is inter-node radio resource aggregation (i.e. inter-eNB carrier aggregation) for small cell Scenario #2 and the other is RRC diversity for small cell Scenario #1.
Regarding possible architecture and protocol enhancements for dual connectivity, several options for both user and control plane are discussed [1]. As for user plane architecture, the common factor from the multiple alternatives would be that MAC exists in both Master eNB (MeNB) and Secondary eNB (SeNB). On the control plane architecture, two options are considered. Option C1 is that only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. Option C2 is that both MeNB and SeNB can generate final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB and may send those directly to the UE and the UE replies accordingly.
3 Potential L1 impacts due to dual connectivity
The potential L1 impacts are considered and discussed with respect to dual connectivity support in the following subsections:
3.1 UE capability for dual connectivity on different frequencies

The inter-eNB carrier aggregation may be used in small cell Scenario #2 for dual connectivity. The straightforward way to facilitate the dual connectivity in small cell Scenario #2 would requires UE to support simultaneous Tx to both MeNB and SeNB and/or simultaneous Rx from MeNB and SeNB. However, considering the multitude of band combinations for carrier aggregation and the implementation complexity/cost from the RF and baseband perspective, both non-CA and CA capable UEs should be considered for dual connectivity [4]. Also, from implementation perspective, the capabilities of DL CA and UL CA could be treated separately as in Rel-11 CA. Given the similar approach to the previous release, asymmetry CA could also be possible, e.g., 2 DL CA and 1 UL. In addition, the possibility of sharing Tx RF chain for the different frequencies of two different UL CCs could reduce the UE implementation complexity and cost with a proper TDM operation [17].
Observation 1: Not all UEs can support CA for dual connectivity due to the implementation complexity and cost.
Observation 2: One UL CC configuration needs to be allowed in inter-eNB carrier aggregation for dual connectivity considering the implementation complexity and cost.
Proposal 1: Both non-CA and CA capable UEs are considered for dual connectivity in small cell.
Proposal 2: One UL CC configuration is allowed in inter-eNB carrier aggregation for dual connectivity in small cell Scenario #2.

3.2 TDM-like approach for UL transmission

For a UL CA capable UE configured with two UL CCs and supporting simultaneous transmissions on two UL CCs in small cell Scenario #2, TDM-like UL transmission for dual connectivity is not required. For a UE not supporting simultaneous transmissions over the multiple UL CCs for dual connectivity, TDM-like approach for UL transmission may be needed. In details, the TDM-like UL transmission for dual connectivity may be required for the following cases: 
· Case 1: For a UE in small cell Scenario #1

· Case 2: For a UE configured with one UL CC in small cell Scenario #2

· Case 3: For a UE configured with two UL CCs but not supporting simultaneous transmissions on two UL CCs in small cell Scenario #2

Figure 1 shows an example of the TDM-like approach in small cell Scenario #2 for dual connectivity [17] and one UL RF chain is assumed. In this example, the subframes are partitioned into two parts – one is intended for MeNB (subframe shown in yellow) and the other is intended for SeNB (subframe shown in green). A guard time (as an example shown in UL subframe n+3 and n+7) may be needed for RF re-tuning from one frequency to another frequency and for multiple Timing Advances (TAs). 
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Figure 1 Example of TDM-like transmission in small cell Scenario #2 for dual connectivity (FDD)

In the case of small cell Scenario #1 operating in a single frequency, the necessity of the guard time would be dependent on network synchronization assumptions [8]
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[10]. For instance, if MeNB and SeNB are synchronized within a certain period (e.g. within the CP duration) from the UE perspective, the guard time may not be needed since there is no need to re-tune the RF chain.

Observation 3: A TDM-like approach for UL transmission would be needed for dual connectivity in some small cell Scenarios.
3.3 Scheduling
Cross-carrier scheduling in small cell Scenario #2 could be a part of dual connectivity according to the definition discussed in Section 2. However, according to the non-ideal backhaul assumption, the latency could be up to 60ms [3], which makes cross-carrier scheduling difficult to be readily applied without modifying the relationship of scheduling timing since the scheduling information needs to be forwarded from the scheduling cell to the scheduled cell [5]
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[6].
Observation 4: Cross-carrier scheduling cannot be readily applied for dual connectivity in small cell Scenario #2 due to the larger latency of non-ideal backhaul.

The transmission of PDCCH/EPDCCH and PDSCH from different TPs using virtual cell ID in the context of CoMP could be also a part of dual connectivity in small cell Scenario #1. However, using the same reasoning as for cross-carrier scheduling, this operation cannot be directly applied due to the non-ideal backhaul assumption.
Observation 5: The transmission of PDCCH/EPDCCH and PDSCH from different TPs cannot be directly applied for dual connectivity in small cell Scenario #1.

3.4 HARQ operation
The allocation of PHICH resource in response to PUSCH is determined from the scheduling cell which transmits PDCCH/EPDCCH. As the scheduling cell knows the allocated RBs for PUSCH, the existing CA mechanism for UL HARQ in self-carrier scheduling, where the PHICH resource is derived from the lowest PRB index, can be readily applied for small cell Scenario #2. 
Observation 6: The existing mechanism for UL HARQ can be performed properly in self-carrier scheduling.
PUCCH is transmitted only on the primary cell in the previous release by aggregating HARQ-ACK information for the multiple DL CCs. If the same HARQ mechanism is used to support small cell Scenario #2 and a UE transmits NACK for other DL CCs than the primary cell, the UCI needs to be forwarded from the primary cell to the other cells in order to retransmit PDSCH. Due to the latency considered for non-ideal backhaul (up to 60ms), the HARQ operation using the existing mechanism cannot be used.
Observation 7: The existing mechanism for DL HARQ cannot be applied for dual connectivity due to the non-ideal backhaul latency constraint.

3.5 UL power control
For small cell Scenario #2 allowing simultaneous transmissions from the multiple UL CCs for dual connectivity, most of the existing power control scheme can be reused. Power control can be applied at the CC level. The reference cell for pathloss calculation on the primary cell is based on the primary cell , whereas reference pathloss calculation for the secondary cell is based on either the primary cell or the SIB-2 linked secondary cell configured by RRC signalling.
On the other hand, for small cell Scenario #2 in asymmetry CA (e.g. one UL CC configured) for dual connectivity, the calculation for pathloss needs to be based on the targeted cell for transmission. For instance, when MeNB is the primary cell and SeNB is the secondary cell, the power control for UCI transmission intended for SeNB needs to be performed with reference to SeNB. This will require some modifications in the specification for UL power control since the current specification defines asymmetry CA by means of not configuring the UL CC while configuring the DL CC. In consequence, power headroom calculation also needs to be further studied.
Also for small cell Scenario #1 for dual connectivity, a similar operation to Scenario #2 in asymmetry CA would be needed. In this case, multiple configurations for power control or power headroom calculation would be needed to facilitate dual connectivity on a UL CC.

Observation 8: Some modifications on UL power control are anticipated to support dual connectivity.
3.6 Transmission of UL channels and signals
For a UE allowing simultaneous transmission from the multiple UL CCs in small cell Scenario #2, most of the existing mechanisms can be reused by the individual configuration for each CC.
For small cell Scenario #2 in asymmetry CA (e.g. one UL CC configured) for dual connectivity, multiple configurations for each physical channel or signal may be needed. For instance, configuration of periodicity or subframe offset for periodic CSI report for multiple DL CCs would be required for a UL CC for dual connectivity. It could be also easily extended to support other UL channels/signals such as PRACH, PUSCH, and SRS. Similar observations can be made for small cell Scenario #1 for dual connectivity.

Observation 9: Some modifications on the transmission of UL channels/signals are expected in order to support dual connectivity.
3.7 Random access procedure
It was also pointed out that the random access procedure needs to be studied in multiple TA [12]
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[17]. Since RAR is always transmitted by CSS on the primary cell in response to the PRACH preamble, the backhaul latency could be an issue to forward RAR from SeNB to MeNB. Therefore, it may be required to further study the RAN1 impact depending on the related RAN2 decision.
Observation 10: Study of the RACH procedure in RAN1 may be required depending on the related RAN2 decision.
4 Conclusions
This contribution discussed the potential L1 impact in SCE for dual connectivity. The observations and proposals are summarized as below:
Observation 1: Not all UEs can support CA for dual connectivity due to the implementation complexity and cost.
Observation 2: One UL CC configuration needs to be allowed in inter-eNB carrier aggregation for dual connectivity considering the implementation complexity and cost.
Observation 3: A TDM-like approach for UL transmission would be needed for dual connectivity in some small cell Scenarios.
Observation 4: Cross-carrier scheduling cannot be readily applied for dual connectivity in small cell Scenario #2 due to the larger latency of non-ideal backhaul.
Observation 5: The transmission of PDCCH/EPDCCH and PDSCH from different TPs cannot be directly applied for dual connectivity in small cell Scenario #1.

Observation 6: The existing mechanism for UL HARQ can be performed properly in self-carrier scheduling.

Observation 7: The existing mechanism for DL HARQ cannot be applied for dual connectivity due to the non-ideal backhaul latency constraint.
Observation 8: Some modifications on UL power control are anticipated to support dual connectivity.

Observation 9: Some modifications on the transmission of UL channels/signals are anticipated to support dual connectivity.

Observation 10: Study of the RACH procedure in RAN1 may be required depending on the related RAN2 decision.
Proposal 1: Both non-CA and CA capable UEs are considered for dual connectivity in small cell.
Proposal 2: One UL CC configuration is allowed in inter-eNB carrier aggregation for dual connectivity in small cell Scenario #2.
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