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1 Introduction

 Currently, dual connectivity (also called as inter-eNB aggregation) was introduced as potential solution for SCE. The benefits of dual connectivity could be expected as following;

- Per-User throughput increase with resource aggregation
- Mobility robustness due with RRC diversity
- The reduction of signaling overhead to CN with mobility anchor
In order to achieve per-User throughput increase, error free transmission should be afforded even though some service (e.g. real time streaming service probably based on RLC UM) does not need it. Further, the robustness of control signaling (i.e. DCCH) with relation to the other benefits is based on ARQ (RLC AM) and HARQ. That is, for dual connectivity, data transmission with acknowledgement seems to be critical. The characteristic of acknowledgement mode (i.e. ARQ or HARQ) is bi-directional and so the performance and reliability of DL transmission (TX) is closely related to UL TX. Hence, it would be very important to design proper UL TX for dual connectivity solution.
This paper introduces possible UL TX schemes and shows challenge issues on each alternative.
2 Possible UL TX schemes on dual connectivity
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Figure 1: Possible UL TX schemes on dual connectivity
Possible UL TX schemes on dual connectivity are depicted in Figure 1 [1]-[3]. Gray region means coverage of MeNB (Master eNB) and orange region of SeNB (Sencondary eNB).
(A) Simultaneous UL TX
During dual connectivity, the UE could transmit UL signal simultaneously. It could suffer from performance degradation due to power control and scheduler issue. ARQ feedback may be possible but HARQ feedback would need simultaneous PUCCH transmission.

(B) TDM UL TX
During dual connectivity, the UE could transmit UL signal on only one carrier per subframe. It could have some limitation on available UL resource in time domain for an eNB and some scheduling restriction, and hence peformance degradation could occur. ARQ feedback and HARQ feedback might be utilized with some specification change.

(C) Single UL TX
During dual connectivity, the UE could use only one UL on MeNB. Feedback for ARQ and HARQ may be delayed due to non-ideal backhaul. It would cause critical performance degradation.

3 Challenges on UL TX schemes on dual connectivity
<Point 1: Power control & UL RA(Resource Allocation) & Scheduler issue>
(A) Simultaneous UL TX
There are two possibilities for scheduler architecture on eNB to make UL grant; one scheduler (centralized scheduler) and two scheduler (distributed scheduler). UL transmission is based on open loop power control to calculate adequate transmission power. The calculation is made on UE side with pathloss, RB (Resource Block) size, MCS level (i.e. CQI), and NI (Noise and Interference) level. And at each UL TTI, UE calculates PH (Power Headroom) and delievers it to eNB. Refering to scheduling information at the TTI and PHR (Power Headroom Report) received from UE, eNB would estimate an adequate UL grant at the next scheduling TTI in order to maximize per-User UL throughput while considering QoS of RB and fairness factor of UE, and to avoid scailing down on UL TX due to the shortage of UE power.

According to scheduler architecture, following concern points would be anticipated in:

- One scheduler (Centralized scheduler): 

 Every scheduling time, dynamical exchange of several scheduling assistance information, e.g. UL grant information, PHR information, and HARQ retransmission information, via non-ideal backhaul interface (between MeNB and SeNB) would be required in order to determine a proper UL grant. However, it seems impossible since non-ideal backhaul dealy is 15-60ms.

 Further, when one scheduler on the MeNB decide an UL grant during dual connectivity of a UE, the grant have an impact on the UL grant of the corresponding SeNB operating stanalone mode for another UE, which impact means resource restriction on scheduling of the SeNB. In other words, the resource allocation by the scheduler of the MeNB restrict the resource allocation by the independent scheduler of the SeNB.

- Two scheduler (Distributed scheduler):

 At the UL scheduling moment, an eNB (MeNB or SeNB) could not know the UL grant information of the other eNB associated with dual connectivity. Then, the eNB decide UL grant (including RA and MCS level) to maximize per-User throughput within the UE PH range reported by UE, which means the PH to consider the total UE transmission power. Correspondingly, the UE would suffer from scailing down UL transmission due to UL grant overwhelming allowed maximum transmission power. In Figure 2, the example of power scailing down problem on two independent scheduler is shown. Since two scheduler are independent of each other and the interface between MeNB and SeNB has non-ideal backhaul condition, one scheduler could not know the grant information of the other scheduler. Correspondigly, it could not anticipate UE PCMAX, total UE transmission power, and UE PH as seen in the figure.

 One possible solution to prevent scailing down on independent two scheduler is to set PEMAX to each eNB such as that the sum of PEMAX,c values of all cells should not be over PPowerClass. However, this solution result in UL per-User throughput degradation and UL coverage reduction in each cell.
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Figure 2: Scailing down problem when two independent scheduler is facilitated for dual connectivity

Observation 1: In simultaneous UL TX scheme, one scheduler seems non-feasible due to the impossiblity of dyanamic exchange of scheduling assistance information via non-ideal backhaul. Further, it would cause the undesired RA restriction on SeNB scheduler.

Observation 2: In simultaneous UL TX scheme, it seems non-feasible to prevent power scailing down on UL transmission when two scheduler is independent. One feasible solution is to set PEMAX,c to each cell such as that the sum of PEMAX,c values of all cells should not be over PPowerClass. However, this solution would cause UL performance degradation due to power limitation.

(B) TDM UL TX
- No critical problem because UL transmission to each eNB (i.e. a MeNB and a SeNB) is split.
(C) Single UL TX
- No critical problem because UL tranmssion occur only on a MeNB.

<Point 2: HARQ operation>

(A) Simultaneous UL TX
DL HARQ operation is closely related to HARQ acknowledgement delivery via PUCCH (or UCI). And there are two possiblities on PUCCH transmission; simultaneous PUCCH transmission, TDM PUCCH transmission, and single PUCCH transmission on Pcell.

If simultaneous PUCCH transmission is designed for dual connecitivity, there seems to be no critical issue on HARQ timely operation. However, regarding simultaneous PUCCH transmission, it should be checked by RAN1/RAN4 WG whether it is feasible and there is no performance degradation of HARQ operation due to simultaneous PUCCH transmission.

If TDM PUCCH transmission is designed for dual connectivity, there seems to be no critical issue along with simultaneous PUCCH transmission. However, complex HARQ timely operation and big impact on RAN1 specification is expected. Hence, it is also required for RAN1 to check feasibility of this operation.

If single PUCCH transmission on MeNB is applied as similar with legacy one (single PUCCH transmission on Pcell), there would be no impact to RAN1 specification. However, it is expected that critical performance degradation is caused by delayed acknowledgement, which impact is explained in detail as following ‘(C) Single UL TX’ subsection.

(B) TDM UL TX
 There seems to be no critical problem along with simultaneous PUCCH transmission. However, newly DL HARQ process chain would be required to support full DL transmission for dual connecitivity. Currently, DL HARQ process chain on FDD is defined by delay requirements with 4ms for ACK/NACK (PUCCH) and at least 8ms for retransmission. The change of DL HARQ process chain would affect RAN1 specification critically.

(C) Single UL TX
 If single PUCCH transmission on MeNB, there would be expected critical performance degradation due to delayed DL HARQ ACK/NACK via non-ideal backhaul. In Figure 3, delayed DL HARQ ACK/NACK scenario is depicted. PDCP split or RLC split architecture is assumed.

[image: image3.emf] 

MAC

PHY

PDCP/RLC

PHY

MAC

PDCP/RLC

Small eNB Macro eNB

Backhaul delay 

(25~60ms)

Macro DL HARQ TX

Small DL HARQ TX

Combined ACK/NACK 

for macro and small

ACK/NACK for small


Figure 3: Backhaul-delayed DL HARQ ACK/NACK scenario

In above backhaul-delayed DL HARQ ACK/NACK scenario, DL HARQ process chain would be run as illustrated in Figure 4. For each DL HARQ process to decide whether retransmission or new transmission, at least k+4 ms is retained. In original FDD DL HARQ design, HARQ ACK/NACK transmission delay is 4ms and processing delay for ACK/NACK distiction is at least 4ms and hence total delay of retransmission decision in one HARQ process is at least 8ms, i.e. data transmission during at least 8ms via the HARQ process is retained. To compensate performance degradation during the holding time, 8 HARQ processes are designed. However, in the below scenario, the holding time is at least k+4 ms and so there are no available HARQ processes to run DL transmission from #(n+8) subframe to #(n+k+3) subframe. That is, no DL transmission is allowed during about (k-4) ms. Thus, critical peformance degradation is expected due to the long no-transmission duration. In this contribution, this problem is called as the shortage of HARQ process. One possible solution for this problem is the introduction of many number of HARQ processes enough to compensate long no-transmission duratioin (about 15~60ms) but seems to be non-feasible.
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Figure 4: HARQ process chain according to backhaul-delayed DL HARQ ACK/NACK

Further, dealy on non-ideal backhaul could fluctuate and hence an eNB, which obtains backhaul-delayed HARQ ACK/NACK, could have wrong decision about ACK/NACK for DL HARQ TX because ACK/NACK for DL HARQ TX could be delivered to the eNB when the SeNB does not expect to get ACK/NACK feedback. In Figure 5, eNB assumes that non-ideal backhaul delay is k. However, for DL HARQ process #1, ACK/NACK is delivered to SeNB with k+1 delay. Then, SeNB could not judge ACK/NACK for DL HARQ process #1 correctly at #(n+k+1) subframe.
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Figure 5: Misunderstanding ACK/NACK of DL HARQ process due to fluctuant delay on non-ideal backhaul
Observation 3: For simultaneous UL TX, simultaneous PUCCH (or UCI) transmission would be desired for DL HARQ operation. The feasibility of simultaneous PUCCH transmission should be checked by RAN1/RAN4 WG in viewpoint of performance degradation and specificiation impact.

Observation 4: For TDM UL TX, new DL HARQ process chain design would be desired for DL HARQ operation. The feasibility of new DL HARQ process chain design should be checked by RAN1 WG in viewpoint of performance degradation and specificiation impact.

Observation 5: For single UL TX, the shortage of DL HARQ process due to backhaul-delayed HARQ ACK/NACK would cause critical performance degradation of DL. And it could happen to misunderstand ACK/NACK of DL HARQ process due to fluctuant delay on non-ideal backhaul. Hence, single UL TX seems to be non-feasible in viewpoint of DL HARQ operation. Even for simultaneous UL TX, single PUCCH (or UCI) approach would have same problem.
<Point 3: ARQ operation>
(A) Simultaneous UL TX
- No critical problem on AM feedback because each RLC receiver entity of each eNB (MeNB or SeNB) could independently send ACK/NACK status report to RLC transmitter entity without delay.

(B) TDM UL TX
- No critical problem on AM feedback because each RLC receiver entity of each eNB (MeNB or SeNB) could independently send ACK/NACK status report to RLC transmitter entity with very short delay according to TDM pattern.

(C) Single UL TX
- A problem on AM feedback due to delayed ACK/NACK status report to RLC transmitter entity via non-ideal backhaul. The severity of this problem is FFS.

Observation 6: For single UL TX, a problem on ARQ operation due to delayed ACK/NACK status report via non-ideal backhaul. The severity of this problem is FFS.

<Point 4: DL/UL per-User throughput>
(A) Simultaneous UL TX
- DL per-User throughput could be degraded by UL power limitation due to scheduler issue (refer to the description in point 1). If single PUCCH is used, critical performance degradation due to the shortage of HARQ process.

- UL per-User throughput could be degraded by UL power limitation due to scheduler issue (refer to the description in point 1).

(B) TDM UL TX
- DL per-User throughput: No critical problem because there is no DL resource limitation as described in point 2.

- UL per-User throughput could be degraded by the limitation of available UL subframes.

(C) Single UL TX
- DL per-User throughput would suffer from critical peformance degradation due to the shortage of HARQ process.

- UL per-User throughput could be degraded by the limitation of available UL carrier.
Observation 7: For single PUCCH or single UL transmission, critical DL per-User throughput degradation would be forseen in the reason of the shortage of HARQ process.

Observation 8: For all cases, UL per-User throughput would be degraded somehow.

<Point 5: UL coverage issue>
(A) Simultaneous UL TX
- UL coverage could be shrink by UL power limitation due to scheduler issue (refer to the description in point 1).

(B) TDM UL TX
- No critical problem because there is no limitation on UL power.

(C) Single UL TX
- No critical problem because there is no limitation on UL power.

Observation 9: For simultaneous UL TX, UL coverage could be shrink by UL power limitation due to scheduler issue.

<Point 6: CA capability issue>
(A) Simultaneous UL TX
- UL CA capability is required to UE.
(B) TDM UL TX
- No limitation on capability because single UL transmission for one subframe is allowed.

(C) Single UL TX
- No limitation on capability because only one UL transmission exists.
<Point 7: Others>
(B) TDM UL TX
- Gap for UL RF retuning: It should be confirmed by RAN4 that there is no problem when UL carrier is dynamically changed for TDM UL TX (i.e. UL RF retuning).

- Multiple TA issue: If TA values for each eNB are different from each other, some guard subframes would be needed to prevent simultaneous UL TX. That is because different TA cause folded transmission at transient subframes when the target eNB of UL TX is changed.
Observation 10: For TDM UL TX, it should be confirmed by RAN4 WG that there is no glitch problem when UL carrier is dynamically changed for TDM UL TX.
Observation 11: For TDM UL TX, if TA values for each eNB are different from each other, some guard subframes would be needed to prevent simultaneous UL TX.
Table 1: Challenge on UL transmission of dual connectivity

	
	(A) Simult. UL TX
	(B) TDM UL TX
	(C) Single UL TX

	Point 1: Power control & UL RA & Scheduler issue
	- One scheduler: To cause RA restriction to SeNB

- Two scheduler:  Undesired power scailing down could happen due to independent scheduler. Power limitation on each eNB might be required.
	-
	-

	Point 2: HARQ operation
	- Simultaneous PUCCH (or UCI) would be requested.
- RAN1’s evaluation would be needed.
	- New HARQ process chain design would be requested.
- RAN1’s evaluation would be needed.
	- Critical performance degradation is predicted due to the shortage of HARQ process and misunderstanding ACK/NACK on fluctuant delay

	Point 3: ARQ operation
	-
	-
	- Delayed ACK/NACK status report via non-ideal backhaul

	Point 4: DL/UL per-User throughput
	- No DL performance degradation
- UL peformance degradation could be induced from power limitation.
	- No DL performance degradation
- UL performance degradation could be induced from the limitation of available UL subframes.
	- Critical performance degradation is predicted due to the shortage of HARQ process and misunderstanding ACK/NACK on fluctuant delay
- UL performance degradation could be induced from the limitation of available UL carrier.

	Point 5: UL coverage issue
	- UL coverage could be shrink by power limitation.
	-
	-

	Point 6: CA capability issue
	- CA capability is required.
	-
	-

	Point 7: Others
	-
	- It should be confirmed by RAN4 whether there is no problem on dynamic RF retuning due to UL carrier change.
- If TA values for each eNB are different from each other, some guard subframes would be needed to prevent folded UL TX.
	-


4 Conclusion

This contribution lists challenge points on UL TX of dual connectivity over three possible UL TX schemes. It would inform which challenge issue should be considered as working on dual connecitivy solution.
Proposal 1: It is kindly requested that Table 1 is captured in TR to introduce challenge points on UL TX of dual connectivity.
Especially, accroding to observation 8, UL throughput enhancement on dual connectivity would be limitted somehow. It is not clear that this UL throughput degradation is allowed in small cell enhancement. Hence, following proposal is suggeated:
Proposal 2: RAN2 is kindly asked whether UL throughput degradation compared to CA is allowed in dual connectivity.
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